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HEALTH  IN  THE  HOME. 

By  Benjamin  Wakd  Richardson,  M.D.,  LL.D.,  r.R.S. 

IN  the  dialogue  between  Socrates  and  Critobulus,  wliicli  Xenophon  invents,  he 
makes  Socrates  declare  that  the  ordination  of  the  house  is  the  name  of  a  science, 
and  that  the  science  means  the  order  and  increase  of  the  household.  It  is  in  the 
spirit  thus  expressed  that  the  writers  of  this  work  enter  on  their  task.  They 
aim  to  make  the  ordination  of  the  house  the  name  of  a  science,  —  the  science 
of  domestic  sanitation. 

Domestic  sanitation,  in  its  scientific  sense,  must  be  subject  to  change,  according 
to  the  places  in  which  the  details  of  it  are  studied  and  carried  out.  The  climatic 
conditions  of  the  place  ;  the  modes  of  life  and  the  trainings  of  the  persons  who  are 
to  be  housed  ;  the  occupations  of  the  people ;  the  physique  of  the  people ;  and  the 
number  of  persons  who  occupy  a  given  space  in  a  village,  city,  or  town  ;  all  these 
influences  have  to  be  considered  by  him  or  by  them  who  would  supply  good  rules 
for  the  ordination  of  the  house  that  is  to  be  both  commodious  and  healthy.  We 
cannot  in  the  present  work  charge  ourselves  with  universal  labour  on  these  subjects. 
We  must  confine  our  efforts  chiefly  to  the  homes  of  our  own  countrymen,  to  the 
homes  that  are  included  in  the  hamlets,  villages,  towns,  and  cities  of  the  British 
Islands.  We  have  no  occasion  to  regret  this  limitation  of  our  labours.  In  en- 
deavouring to  improve  the  existing  state  of  native  domestic  sanitation  we  have  a 
task  before  us  sufiieient  to  test  all  our  powers  to  the  fullest  degree. 

Our  country,  developing  in  successive  stages  luider  what  may  be  called  successive 
civilisations,  has  been  supplied  with  habitations  that  are  as  varied  in  constniction 
as  they  are  diversified  by  necessity.  The  first  of  these  peculiarities  need  not  be 
matter  of  regret,  for  it  must  be  admitted  that  variety  of  construction  may,  within 
moderate  limits,  be  conducive  to  artistic  excellence  and  to  that  pleasure  of  mind 
which  is  necessary  to  relieve  monotony,  and  thereby  to  minister  to  health.  The 
second  of  these  peculiai-ities  is  a  real  cause  for  regret,  because  when  there  is  no 
uniformity  of  knowledge  or  of   action  in  respect  to  what  is  necessary  for  the 
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maintenance  of  health,  and  when,  in  regard  to  this  gi-eat  common  interest,  views  and 
practices  and  minor  interests  clash  and  confuse,  then  difficulties  stand  in  the  way 
which  nothing  can  remove  until  the  most  careful  instruction,  appealing  in  a  decisive 
and  at  the  same  time  simi)le  manner  to  the  conviction  of  the  people  generally,  is 
imparted  to  them. 

I  do  not  think  I  can  fulfil  the  duty  that  now  devolves  on  me  better  or  more 
usefully  than  by  indicating  the  principles,  the  objects,  and  the  practice  of  domestic 
sanitation  which  form  the  necessities  of  a  true  sanitary  code.  My  able  col- 
leagues will  fill  up  the  details,  and  to  them  I  leave  that  important  part  of  our 
undertaking.  I  must  be  content  to  step,  as  it  were,  a  little  before  them,  and,  like 
a  i^ioneer,  survey  and  clear  the  ground. 

Uniformity  in  domestic  sanitation  is  the  first  requirement.  In  some  of  our 
great  centres  of  Ufe  there  have  been  introduced  certain  regulations  which  seem  to 
inculcate  unifoi-mity  of  system  on  a  few  points,  such  as  supply  of  water  and  removal 
of  sewage  from  the  dwelling.  But  in  these  particulars  all  is  local,  and  localities 
divide  in  opinion  to  an  extent  that,  in  the  most  determinate  degree,  prevents  steady 
progress.  There  is,  in  fact,  no  system  at  all,  either  of  a  legislative  or  domestic  kind, 
by  which  a  healthy  condition  of  the  household  may  be  sustained.  Practically  every 
master  of  a  house  is  a  law  unto  himself. 

For  my  part,  I  would  not  ui'ge  any  decisive  change  from  the  rule  of  every 
man  being  a  law  unto  himself  in  sanitary  afiairs  as  they  afiect  the  domestic  life.  It 
Avould  be  far  better  for  every  man  and  woman  to  know  what  is  necessaxy  for  tlie 
sanitary  welfare  of  those  who  are  entrusted  to  their  care,  and  for  them,  on  their  own 
responsibility,  to  carry  out  needed  reforms  on  a  few  sound  piinciples,  than  for  any 
number  of  legislative  acts  to  be  forced,  by  the  intervention  of  outside  inquiry  or 
infliction  of  outside  pressure,  on  an  imprepared,  resisting,  or  doubting  community. 
We  shall  therefore  best  efiect  what  we  have  in  view  by  indicating  the  principles  of 
uniformity  in  sanitation,  and  by  explaining  what  can  reasonably  be  carried  out  by 
every  man  in  his  own  place.  If  in  the  centres  called  home  the  foundations  of  the 
.science  of  health  are  laid,  the  rest,  on  a  larger  scale,  will  necessarily  follow,  for  the 
same  rule  that  applies  to  the  accumulation  of  wealtli  applies  equally  to  the  accumu- 
lation of  health.  "  Take  care  of  the  pennies,"  says  the  Financier ;  "  the  pounds  will 
take  care  of  themselves."  "  Take  care  of  the  houses,"  says  the  Sanitarian  ;  "  the 
towns  will  take  care  of  themselves." 

While  from  the  above  remarks  it  will  be  inferred  that  individual  action  in 
relation  to  health  is  the  foundation  of  sanitary  reform,  it  must  not  be  assumed  that 
legislative  action  is  to  be  ignored.  It  will  be  the  task  of  some  trained  scholar  in 
this  work  to  present  a  clear  and  concise  review  of  the  position  of  legislation  in  these 
islands  in  relation  to  health.  The  description  that  will  thus  be  supplied  wUl  divide 
naturally  into  two  heads  :  the  general  and  the  local.  The  general  legislation  will  be 
seen  to  refer  to  those  measures  which  extend  throughout  the  Commonwealth ;  the 
local  will  be  seen  to  refer  solely  to  the  work  of  individual  communities.  It  is  possible 
that  in  the  end  there  will  be  discovered  to  exist  a  third  legislative  direction,  in  which 
the  two  first  are  combined,  to  the  obstruction,  if  not  to  the  destruction,  for  all  practical 
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good,  the  one  of  the  other.  The  laws  that  are  in  this  clay  in  force  have  indeed  an 
Lfluence  on  individual  domestic  sanitation  which,  for  good  or  for  evU,  is  decisive  in 
correcting  fi-ee  wHl.  If  in  London  the  best  sanitarian  has  plans  of  his  own  for 
building  a  house  on  what  he  conceives  to  be  the  truest  sanitary  principles,  it  is  all 
but  impossible  for  him  to  carry  out  his  design  without  having  it  in  some  way  crossed 
by  the  control  which  belongs  to  the  Metropolitan  Board  of  Works,  or,  by  the  legal 
restraints  of  property.  Nay,  if  it  should  so  happen  that  his  knowledge  were  better 
than  that  of  other  persons,  he  might  still  be  obliged  to  submit  to  the  lesser  know- 
ledge, and  be  prevented  making  any  progi-ess  even  in  an  effort  that,  by  the  example 
it  sets  forth,  could  be  made  useful  to  all  the  community.  I  do  not  adduce  this 
as  matter  of  complaint.  In  all  large  communities  packed  closely  together  it  is 
essential  that  certain  general  rules  shall  be  laid  down  by  some  central  authority  that 
shall  govern  the  whole  on  something  like  a  uniform  system,  and  it  would  probably 
be  bad  policy  to  allow  genius,  even  of  the  highest  order,  to  execute  special  plans 
that  were  out  of  the  general  scheme  which  belongs  to  the  whole  of  the  local  system. 
I  only  adduce  a  matter  of  fact  as  a  reason  for  the  argument  I  would  offer  relative 
to  general,  local  and  individual  practice  in  sanitation. 

The  principle  we  have  to  strive  after  is  one  that  will  tend  to  make  general 
legislation  uniform,  local  legislation  in  harmony  with  general,  and  individual 
action  compatible  with  both.  In  a  word,  uniformity  of  sanitative  action  is  the 
need  for  which  we  have  to  contend.  For  this  purpose  the  home  must  be  the  source 
of  our  national  health.  As  the  great  rivers  spring  from  little  sources  which  a  child 
can  leap  over,  so  the  rivers  of  health  must  spring  from  the  hearths  of  the  people. 
The  man  who  is  fully  competent  to  vote  for  a  sanitaxy  legislator,  local  or  general,  is  a 
man  who  in  his  own  house  is  capable  of  judging  whether  the  said  house  is  in  a 
healthy  or  in  an  unhealthy  condition,  and  a  man  who  is  acquainted  -with  the 
intention  and  object  of  the  ai-t  of  preserving  and  maintaining  health.  I  mean  by 
this  that  the  man  who  will  prove  to  be  the  best  sanitarian  is  he  who  will  apprehend 
with  equal  facility  the  reasons  for  the  practice  of  sanitation  as  well  as  the  pi-actice 
itself. 

THE  WORK  TO  BE  DONE. 

The  domestic  sanitarian  who  would  make  himself  fully  conversant  with  sound 
reasons  for  the  reforms  which  he  is  anxious  to  introduce  into  his  household,  must 
first  of  all  learn  that  he  has  something  to  prevent.  He  has  to  prevent  unneces- 
sary disease,  and  thereby  unnecessary  mortality. 

If  the  inquirer  turn  to  investigate  the  scope  of  this  work,  he  will  do  much  to 
reassure  himself.  He  vnW  learn  that  though  his  own  effort  be  small,  and,  as  it  may 
seem,  in  the  midst  of  so  much  that  is  confusing,  incalculable,  it  is  worthy  of  his 
endeavour.  He  will  find  that  even  in  this  civilised  country  little  more  than  a 
third  of  the  value  of  life  that  is  given  to  his  species  is  realised,  not  to  say  enjoyed. 
The  anatomical  physicist  will  explain  to  him  a  law  by  which  the  relative  lengths 
of  life  of  man  and  of  all  the  domestic  animals  may  be  faiiiy  measured  by  the 
period  in  which  the  complete  development  of  the  skeleton  is  attained.  A  simple 
calculation  will  then  tell  the  natural  duration  of  the  life  of  the  animal.  The 
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multiplication,  by  the  number  five,  of  the  period  of  completed  development  will  give 
tlie  standard  necessary.  The  maturity  of  man,  calculated  by  the  completed  condition 
of  the  skeleton,  is  twenty-one  years.  Twenty-one  years  multiplied  by  five— one 
hundred  and  five  years— is  therefore  the  natural  duration  of  the  life  of  man  on  tliLs 
estimate,  and,  with  a  certain  natural  limited  range,  may  be  accepted  as  the  true  and 
full  duration.  But  when  the  actual  value  of  life  is  taken  it  is  found  to  present, 
in  this  country,  an  average  of  forty-two  years,  so  that  there  are  grand  agencies  at 
work  which  are  reducing  the  national  life  to  a  very  low  value. 

If  the  inquii-er  enter  further  into  the  matter,  he  will  observe  that  the  grand 
agencies  leading  to  this  reduced  value  of  life  must  be  in  some  way  removable, 
because  they  are  not  always  in  action  to  reduce  every  form  of  life  to  the  same  level 
of  duration.  He  will  discover  that  the  domestic  animals  which  surround  us,  if  we 
do  not  kill  them  outright  by  hard  labour,  privation,  or  exposure  to  the  vicissitudes 
of  seasons,  are  so  much  longer  lived  than  we  are,  that  they  exist,  practically,  to  then- 
full  term  with  as  much  exactitude  as  we  exist  to  the  first  part  of  our  second  stage  of 
existence.  Or,  to  put  the  matter  in  another  light,  he  will  discover  that  if  our 
lower  domestic  animals  were  to  die  in  the  same  ratio  that  we  die,  their  duration  of 
life,  as  it  is  now  known,  would  be  reduced  nearly  to  half  what  it  is.  The  dog  would 
have  an  average  term  of  eight  years,  and  other  animals  a  similar  reduced  term  of 
life. 

Such-  observations  as  these  will  lead  the  sanitarian  to  find  a  uniform  object 
in  his  labour.  He  will  ask  what  is  the  reason  why  man,  who  holds  all  the 
knowledge  and  skill  above  the  brute  creation,  should  have  so  little  control  over 
his  own  destiny  that  he  cannot  control  it  in  respect  to  health  and  life  as  well  as  the 
inferior  creature  which,  compared  with  himself,  has  neither  reason  nor  skill.  He 
will  wonder  in  vain  so  long  as  he  looks  simply  at  the  general  fact.  He  will  not 
wonder  at  all  when  he  proceeds  to  an  analysis  of  all  the  details  upon  which  that 
general  fact  depends. 

In  the  first  place  he  will  learn  from  an  analysis  of  the  data  he  may  collect,  that 
man  is  the  subject  of  many  more  diseases  than  the  inferior  animals  are ;  that  he 
suffers  from  certain  diseases  of  the  mind  incidental  to  his  possession  of  a  mental 
organisation  superior  altogether  to  theirs,  and  from  which  diseases  they  are  exempt; 
that  he  suffers  from  some  diseases  springing  from  human  vices  from  which  the 
lower  animals  are  also  exempt;  that  he  suffers  from  some  contagious  diseases 
from  which  they  are  exempt ;  that  he  suff"ers  from  some  diseases  connected  with 
industrial  pursuits  from  which  they  are  exempt ;  that  he  suffers  from  indulgences 
in  certain  luxuries  of  a  deadly  kind  from  which  they  are  exempt ;  tliat  he  suffers 
from  va^ous  accidents  from  which  they  are  exempt ;  that  he  suffers  from  hereditary 
taints  of  disease  from  which  they  are  exempt. 

Both  classes,  man  and  the  lower  creation,  suffer  from  those  primary  causes  of 
disease  which  exist  in  the  form  of  variations  of  season,  of  heat  and  of  cold,  and  of 
all  those  varied  changes  included  under  the  head  of  clianges  meteorological. 
But  here  again  there  is  a  diff'ei'ence  in  respect  to  result.  The  lower  animal,  unin- 
struoted,  or  at  least  but  nidely  instructed,  in  the  modes  of  defending  itself  from 
the  external  elements,  lives  exposed  to  the  fury  oi  these  elements,  less  the  protection 
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it  can  obLain  in  sheltered  resorts  of  natural  production,  sliade  of  woods  and  shelter 
of  caves.  Man,  wiser  and  more  self-protective,  outwits  the  rude  elements  by 
building  for  himself  houses  and  towns,  by  lighting  fires,  by  making  clothes,  and  by 
setting,  in  many  other  ways,  stern  nature  at  stern  defiance.  It  would  be  a  most 
interesting  study  to  follow  out  this  argument  of  the  value  of  health  and  life  in  man 
and  in  the  inferior  creation,  to  gather  up,  as  it  were,  the  exemptions  from  disease 
and  death  which  might  accrue  to  man  if  he  were  simply  to  put  himself,  or  if  he 
could  simply  put  himself,  in  the  same  position  in  respect  to  exemption  as  that  held  by 
his  lower  earthmates.  We  must  not  attempt  this  inquiry.  We  must  be  content  to 
study  man  as  regards  his  conditions  of  health  in  the  defences  which  he  has  built  for 
habitation,  and  which  he  calls  his  cities,  villages,  and  houses ; — his  self-invented 
and  self-constructed  protections  from  external  influences  in  their  endless  variety  of 
change. 

In  this  study  man  does  not  appear  always  on  the  best  side.  To  the  diseases 
which  are  assumed  to  spring  from  cold  and  wet,  such  as  catarrhs,  attacks 
of  bronchitis,  inflammation,  and  rheumatism,  man  is  more  subject  than  the  lower 
creation.  This  may  be  owing  to  difl'erence  of  organisation,  and  may  therefore  be 
allowed  to  pass  without  comment  unfavourable  to  his  ingenuity  and  practice.  But 
there  is  something  else  which  must  not  be  allowed  to  pass,  and  which  is,  in  fact, 
the  one  point  of  all  others  calling  for  our  attention. 

Man,  by  a  knowledge  and  skill  not  possessed  by  the  inferior  animals,  in 
building  cities,  villages,  houses,  for  his  protection  from  the  external  elements, 
has  produced  for  himself  a  series  of  fatal  diseases,  which  are  so  closely  associated 
with  the  productions  of  his  knowledge  and  skill  in  building  as  to  stand  in  the 
position  of  efiect  from  cause. 

Man  in  constricting  2>rotections  from  exposure  has  constructed  conditions  of 
disease. — In  an  age  when  he  could  not  foresee  the  results  of  his  own  work  he  created 
these  conditions,  and  it  is  not  fair  to  blame  him,  because  he  did  not,  in  his  primi- 
tive days,  know  better.  We  do  know  better  now,  and  it  is  our  fault  if  we  do  not 
improve  on  the  original  bad  work,  rectify  it,  and  remove  intelligently  the  evils  which, 
from  deficient  intelligence,  have  been  so  long  perpetuated.  This  should  be  the 
uniform  object  of  the  present  sanitary  scholar. 


COMMUNICABLE  DISEASES  FROM  CONSTRUCTION  OF  HABITATION. 

At  this  early  stage  of  our  work,  we  may  look  at  the  more  important  diseases 
which  have  been  promoted,  and  some  of  them  indeed  introduced,  by  the  errors  of 
construction  that  have  been  developed  in  the  dwellings  of  our  communities.  We 
shall  in  this  way  be  the  better  prepared  to  see  the  most  eff-ective  modes  of  removing 
what  is  bad  and  of  introducing  what  is  good,  so  that  the  diseases  may  be  prevented! 

T.jphitsFever.-Th^  niost  fatally  spreading  disease  which  man  has  introduced  into 
his  habitations  is  that  fever  which,  under  the  various  names  of  spotted  fever  craol 
tever,  black  death,  and  typhu.s,  has  so  often  committed  the  most  fatal  rava^et  in 
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crowded  towns  and  cities.  This  disease  miglit  witli  perfect  correctness  be  called  foul 
air  fever.  It  seems  as  if  it  can  always  be  liglited  up  when  numbers  of  persons  are 
closely  packed  together  in  du-ty  and  unventilated  rooms,  and  the  history  of  this 
country  is  singularly  rich  in  the  records  of  its  origm,  dissemination,  and  mortality. 
Experiment  after  experiment  has  been  unintentionally  made,  during  the  course  of 
centuries,  to  prove  the  effects  of  close  and  foul  air  on  the  health  of  the  nation. 
In  the  last  centuiy  these  proofs  acciunulated  in  a  remarkable  degree.  In  previous 
times,  though  the  air  of  living-rooms  and  of  dormitories  was  close  and  noisome, 
a  fashion  pi-evailed  of  purifying  the  air  by  the  process  of  fumigation,  or  as  we 
would  now  say,  by  the  plan  of  using  antiseptic  gases  or  vapoure.  My  late  accom- 
plished and  much-lamented  friend,  Dr.  Francis  C.  "Webb,  brought  this  fact  out 
with  singular  clearness,  by  quoting  the  directions  for  the  suppression  of  the  Plague 
that  were  issued  from  the  Royal  College  of  Physicians  in  the  year  1665.  The  College 
appears  to  have  thought  nothing  whatever  about  the  value  of  fresh  air,  but  its  wise 
councillors  directed  that  "fumes  of  rosin,  pitch,  tar,  turpentine,  fi-ankincense,  myrrh, 
amber,"  be  used,  and  that  "the  woods  of  juniper,  cypress,  cedar ;  the  leaves  of  bays 
and  rosemary,  to  which,  especially  to  the  less  powei'ful  scented,  may  be  added  some- 
what of  laburnum,  storax,  benzoin,  lignum  aloes ;  one  or  more  of  these  as  they  are 
at  hand,  or  may  be  prociired,  are  to  be  put  upon  coals,  and  consumed  with  the  least 
flame  that  may  be,  in  rooms,  houses,  churches,  and  other  places." 

This  antiseptic  method  of  prevention  of  disease  had  its  advantages  ;  advantages 
not  over  the  admission  of  fresh  air,  but  over  the  plan  of  excluding  fresh  air  and  of 
using  no  antidote.  In  the  last  century,  while  the  value  of  fresh  air  was  still  but 
imperfectly  known,  the  value  of  the  antiseptic  plan  was  all  but  entirely  ignored. 
The  bunch  of  rue  was  placed, — as  it  still  is  in  some  assize  towns,  I  believe, — before 
the  Lord  Judge  when  he  took  his  place  on  the  judgment  seat,  and  served  for  him  as 
a  disinfectant  to  the  extent  of  its  poor  powers.  In  the  prisons  no  such  care  was  taken, 
and  the  result  was  that  in  the  foul  and  crowded  dens  in  which  the  criminals  were 
confined,  the  occurrence  of  contagious  fever  became,  I  had  almost  said,  the  rule, 
wliile  the  propagation  of  fever  from  the  gaol  as  the  centre  of  it,  was  looked  upon 
as  a  natural  phenomenon.  The  fever  passed  from  the  gaols  to  the  houses,  and  the 
houses,  themselves  close  and  unventilated,  nourished  it  amongst  the  inmates,  as  a 
well-kept  conservatory  might  nourish  and  develop  the  fruit  of  the  vine.  Nor  were 
the  gaols  the  only  servants  of  the  spreading  devastating  fever.  The  dormitories 
of  the  students  of  the  great  universities  became  also  centres  from  which  the  fever, 
having  once  originated,  spread  far  and  wide. 

We  have  to  search  deep  into  the  history  of  this  present  century  to  see  any  such 
change  in  household  sanitation  as  should  exclude  the  pestilence  we  may  call  foul  air 
fever.  Since  the  reform  has  commenced,  the  introduction  of  tyi^hus  into  a  locality, 
from  overcrowding  and  bad  ventilation,  has  not  been  of  common  occurrence,  and 
strangely  enough,  those  places  which  once  were  the  very  foci  for  the  pestilence,  the 
gaols,  are  now  the  most  free  fi-om  the  danger.  Yet  I  myself  remember  houses  and 
districts  of  houses  in  which  this  fever  Avas  generated,  and  from  which  it  spread 
with  great  rapidity  and  intensity. 

Practically,  we  have  less  to  fear  in  these  days  than  perhaps  we  ever  had,  oi 
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making  our  domiciles  the  originators  and  forcing-spots  of  typlius.  Yet  it  would  be 
to  the  last  degree  unwise  to  forget  the  lessons  of  the  past,  or  to  ignore  the  fact  that, 
in  comparatively  rare  but  certain  instances,  the  evil  remains.  It  still  does  happen 
that,  in  places  whore  the  disease  may  be  least  expected  to  occur,  typhus  is  de- 
veloped. In  the  last  most  striking  instance  I  can  recall,  where  the  fever  which  origi- 
nated from  overcrowding  spread  widely,  a  small  country  village  was  the  scene  of 
the  manifestation.  A  traveller  riding  through  that  village  would  have  thought 
of  it,  last  and  least  of  all,  as  a  seat  and  centre  of  the  great  plague  of  a  past  century. 
Yet  it  was  such,  because  the  conditions  for  the  development  of  the  outbreak  were 
present  in  the  homes  of  the  people. 

Relapsing  Fever. — Another  disease  of  the  true  pestilential  kind  which  is  con- 
nected with  bad  domestic  sanitation  is  relapsing  fever.  In  some  respects  this  fever 
resembles  typhus,  and  though,  owing  to  the  relapses  that  take  place,  recovery  from  it  is 
more  prolonged,  it  is  not  so  fatal  as  typhus.  The  name  of  "  famine  fever,"  which  has 
also  been  applied  to  it,  may  convey  the  idea  that  it  spi-ings  from  deficiency  of  food, 
and  this,  in  a  sense,  is  true.  But  it  must  not  be  supposed  that  mere  deprivation  of 
sustenance  is  the  sole  cause.  Another  factor  again  is  demanded,  and  that  factor  is 
bad  ventilation,  the  enclosing  together  in  one  close  room,  or  cellar,  or  cabin,  of  a 
number  of  ill-fed  persons  who,  to  shut  out  the  cold,  shut  out  the  air.  In  a  gi-eat 
epidemic  of  this  fever,  of  which  I  was  at  once  a  witness  and  a  suflferer  in  1847,  it  was 
clear  to  all  of  us  who  observed,  that  bad  air  was  the  necessary  adjunct  of  bad  or 
insufficient  food.  The  disease  followed  where  the  habitation  was  most  crowded  and 
the  air  was  most  impure. 

Scarlet  Fever. — The  common  disease,  scarlet  fever,  finds  in  bad  domestic  sanitation 
an  ever-favouring  condition  for  its  distribution.  It  would,  in  my  opinion,  be  incor- 
rect to  say  that  scarlet  fever  can,  like  typhus,  be  engendered  by  close  air.  The  poison 
of  this  disease  has  an  origin  distinct  of  itself,  of  which  we  know  very  little,  and 
once  introduced  it  may  disseminate  in  the  most  spotless  and  the  purest  abode.  I 
have  seen  it  spread,  I  had  almost  said  with  equal  foot,  in  the  houses  of  the  best  as  in 
the  houses  of  the  worst  construction,  and  I  know  of  no  standard  by  which  a  house 
could  be  reported  as  free  from  the  danger  of  the  enti-ance  into  it  of  scarlet  fever.  At 
the  same  time,  when  scarlet  fever  has  entered  a  dwelling,  the  safety  of  that  dwelling 
afterwards,  its  position  as  a  centre  of  the  malady,  or  its  freedom  from  contagion,  turns 
altogether  on  sanitation.  The  poison  of  scarlet  fever,  though  minutely  distributed, 
is  almost  certainly  soHd  in  respect  to  its  material  quality.  If  it  were  volatile,  like 
a  vapour  or  gas,  it  would  be  more  dangerous  than  it  is  to  the  persons  who  surround 
the  sufierer,  and  would  rapidly  lose  all  its  dangers  on  distribution  upon  articles  of 
clothing  or  parts  of  the  house.  Being  solid,  however,  it  traverses  over  a  limited 
area  about  the  sick  person,  but  fixes  on  surrounding  objects  capable  of  receivino- 
It,  and  holds  to  them  until  it  is  destroyed  by  heat,  oxidation,  or  mechanical 
action. 

The  poison  may  be  laid  up  in  a  house  for  months,  perhaps  years.  During 
my  early  career,  I  assisted  a  medical  friend  at  Saffron  Walden,  in  Essex.    In  the 
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district  we  had  a  severe  outbreak  of  scarlet  fever.    At  a  short  distance  from  one  of 
the  villages  in  the  disti'ict  there  was  situated,  on  a  slight  eminence,  a  small  clump 
of  labourers'  cottages,  with  the  thatch  in  the  bedrooms  peering  down  on  the  beds  of 
the  sleepers.    A  man  and  his  wife  lived  in  one  of  those  cottages,  together  with  four 
of  their  loA'ely  children.    Scarlet  fever  entered  the  door  of  this  cottage,  and  struck 
down  one  of  the  children  fatally.    Tlie  three  others  were  at  once  removed  to  the  care 
of  a  grandparent,  who  lived  at  a  village  several  miles  away.    Some  weeks  elapsed, 
when  one  of  these  was  allowed  to  return  home.     "Within  twenty-four  houx-s  it  was 
seized  with  the  disease,  and  died  with  equal  rapidity  as  the  first.    We  were  doubly 
cautious  in  respect  to  the  return  of  the  other  children.    Every  inch  of  wall  in  the 
cottage  was  cleansed  and  lime-washed ;  every  article  of  clothing  and  linen  was 
washed,  or,  if  bad,  destroyed  ;  floors  were  thoroughly  scoured ;  and  so  long  a  period 
as  four  months  was  allowed  to  elapse  before  any  of  the  remaining  children  were 
brought  home.    Then  one  child,  a  boy  nine  years  of  age,  was  permitted  to  return. 
He  reached  the  cottage  early  in  the  morning,  was  dull  the  next  day,  twelve  hours 
later  was  suffering  from  malignant  scarlet  fever,  and,  like  his  fellows,  died  from  the 
affection.    In  this  case  I  have  no  doubt  that  the  roof,  the  thatch,  was  the  part  in 
which  the  poison  was  concealed  ;  but  Avhether  that  conjecture  were  correct  or  not, 
the  incident  shows,  with  too  much  force  to  be  mistaken,  how  this  particular  poison 
may  be  locked  up  in  a  dwelling  suitable,  from  its  bad  sanitation,  for  the  reception  of 
the  poison.    The  papers  on  the  walls  of  a  room  that  has  been  occupied  by  a 
person  suffering  from  the  disease  may  become  the  agent  for  retaining  the  infection, 
though  in  a  less  certain  degree. 

Small  Pox.  The  same  dangers  which  are  connected  with  scarlet  fever  in  the 

dwelling-house  extend  to  small  pox.    The  poison  of  small  pox  may  be  retained  as  a 
solid  particle  for  an  almost  unlimited  period  in  a  dwelling.    It  may  be  enclosed  in 
woollen  materials  ;  it  may  be  concealed  in  adhesive  material,  on  the  walls,  in  the 
ceilings,  on  the  floors.    In  the  case  of  this  disease  we  know,  of  a  fact,  how  the 
infectious  material  may  be  retained.    It  is  a  solid  particle,  and  dried  up  as  a  mere 
dust  it  retains  its  poisonous  properties,  so  that  it  could  be  sent  from  one  part  of  the 
world  to  the  other  without  losing  its  specific  power  of  propagating  its  disease.  In 
the  old  times  before  the  protective  system  of  vaccination  was  discovered,  and  before 
inoculation  became  a  practice,  it  was  all  but  impossible  to  escape  taking  the  malady, 
for  nearly  every  house  became,  at  one  time  or  another,  a  home  and  centre  of  its 
poison.    To  show  how  easily  the  poison  of  small  pox  is  taken  up  by  cotton  and 
looUen  materials,  it  is  worth  while  to  relate  that,  in  the  early  days  of  the  process 
of  inoculation,  cloth  was  used  as  the  means  for  conveying  the  poison.    In  a 
remarkable  paper  communicated  to  the  Eoyal  Society  m  the  year  1734,  by 
Nettleton  of  Halifax,  in  Yorkshire,  that  physician  describes  how  he  communica  ed 
u'e  disease,  from  th    sick  to  the  healthy,  by  inoculation.    He  opened  th  npe 
pust   el  of  an  affected  person,  and  having  wiped  the  lancet  he  had  employed  on  a 
pic    of  cotton  stuff,  he  used  the  impregnated  cotton  as  the  commuiucatuig 
rbstance     When  he  wished  to  inoculate,  he  made  a  small  wound  on  the  eg  o. 
0^^     1-t  o^the  body,  and  putting  over  the  wound  a  portion  of  the  infected  stu^, 
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fixed  it  there  for  a  few  hours  with  a  piece  of  plaster.  In  this  way  he  introduced 
the  disease,  and  such,  he  says,  was  the  eflPect  of  the  infected  pledget  of  cotton,  he 
often  foxmd  it  mere  ly  necessary  to  wipe  the  newly-made  wound  with  the  cotton  in 
order  to  ensure  perfect  inoculation. 

Wlioojnng  Cough. — The  poison  of  pertussis,  or  whooping  cough,  is  easily 
distributed  through  a  house,  and  retained  by  substances  to  which  it  attaches  itself. 
The  poison  in  this  disease  is  thrown  off  from  the  throat,  and  as,  in  the  violence 
of  the  coughing,  there  is  often  a  wide  diffusion  of  fluid  from  the  month  and 
throat,  the  danger  of  the  spread  of  the  affection  is  always  considerable.  It  is 
true  that  the  contagion  is  not  conveyed  far,  and  it  probably  is  not  long  retained 
in  the  active  state.  I  mean  that  it  may  be,  and  possibly  is,  readily  destroyed, 
by  oxidation,  after  it  is  thrown  off  from  the  sick.  At  the  same  time,  for  a 
period  of  at  least  some  hours  after  it  has  been  emitted  it  will  take  effect.  N'ot 
long  since  a  young  lady,  who  came  under  my  care  suffering  from  whooping 
couo-h,  was  able  to  tell  me  where  she  contracted  it.  She  had  been  in  one 
place  only  where  it  was  possible  for  her  to  be  subjected  to  the  poison,  and  that 
place  was  a  shop  into  which  she  entered  to  purchase  confectionery.  While  in 
the  shop,  a  child  of  the  shopkeeper  came  in  from  the  back  room,  and  was  seized  wdth 
a  violent  paroxysm  of  spasmodic  coughing  from  whooping  cough,  under  which  she  had 
been  labouring  for  several  days.  That  sick  child  communi-.-ated  the  affection,  not  to  my 
patient  only,  but  to  several  other  persons  who  came  to  the  place.  In  one.  instance 
it  seemed  that  the  poison  was  communicated  from  this  shop  by  the  bread  that  came 
from  it — a  most  likely  means  of  conveyance,  seeing  how  readily  the  poisonous 
material,  diffused  with  vapour,  would  attach  itself  to  the  bread-stuffs. 

Measles. — The  poison  gf  measles  may  remain  for  a  considerable  period  in  the  house, 
and  may  attach  itself  to  articles  of  furniture,  clothing,  walls,  and  ceilings,  like  that  of 
small  pox  and  scarlet  fever.  I  do  not,  however,  gather  from  my  own  observations 
that  this  poison  is  so  long  retained  as  that  of  scarlet  fever.  I  should  infer  that  it 
is  a  poison  more  easily  destroyed  by  oxidation  than  the  particle  of  scarlet  fever  or 
of  small  pox  which  acts  as  poison. 

Sewer-air  Fever. — There  is  a  class  of  disease  which  is,  or  may  be,  developed  in 
the  house,  not  from  the  introduction  or  generation  of  the  poisonous  particle  of  a 
communicable  disease,  but  from  the  diffusion  through  the  house  of  the  gases  of 
decomposition  which  emanate  directly  from  the  contents  of  the  cesspool  or  sewer. 
The  air  of  a  house  may  be  contaminated  from  the  sewer,  and  the  contamination 
may  produce  distinct  indications  of  disease,  Avithout  exciting  any  one  of  the  specific 
communicable  diseases,  such  as  small  pox,  typhus,  or  scarlet  fever.  This  is  a  fact 
not  generally  understood,  although  it  deserves  to  be  thoroughly  understood. 

In  past  days  the  diseased  condition  here  referred  to  was  much  more  common  than 
it  IS  now,  and  the  affection  called  by  our  forefathers  in  physic  "  continued  fever  " 
was,  I  feel  quite  sure,  usually  dependent  on  sewer  air.  I  remember  myself  the  disease 
known  as  continued  fever  —a  disease  which  ran  an  indefinite  course,  and  which  did 
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not  spread,  but  which  would  attack  tlie  inmates  of  one  house,  and  confine  its  evils, 
for  the  time,  there.  The  late  Dr.  Barker,  of  Bedford,  was  the  first  to  show  distinctly 
and  experimentally  the  influence  of  sewer  emanations,  and  to  prove  that  they  were 
poisonous  when  diffused  through  the  air.  He  produced  symptoms  of  febrile  disturb- 
ance, with  derangement  of  the  intestinal  canal,  in  inferior  animals,  by  exposing  them 
simply  to  sewer  emanations.  He  made  an  analysis  of  those  emanations,  and 
determined  as  gaseous  products,  common  air,  carbonic  acid  gas,  sulphuretted 
hydrogen,  ammonium  sulphide,  and,  sometimes,  free  ammonia.  He  also  investigated 
the  action  of  these  gases  severally,  and  while  showing  that  all  of  them,  except 
common  air,  had  a  distinctly  poisonous  effect,  even  as  diffused  from  the  sewer  or 
cesspool,  the  principal  agent  of  evil  in  them  was  the  sulphuretted  hydrogen.  The 
symptoms  produced,  varying  in  degi-ee,  corresponded  in  the  worst  forms  of  exposure 
with  those  of  continued  fever,  and  in  milder  forms  of  exposure  with  those  of 
feverish  malaria,  feebleness,  nausea,  and  want  of  appetite — symptoms  so  commonly 
seen  in  persons  who  live  in  a  close  room  near  to  a  cesspool  or  sewer,  or  in  a  room 
into  which  the  air  of  the  cesspool  or  sewer  enters. 

This  subject  of  impure  air  from  cesspool  or  sew6r  emanations  extends  somewhat 
more  into  detail  in  relation  to  the  causation  of  disease.  Without  being  "literally  " 
a  cause  of  fever,  even  in  its  mildest  form,  the  impure  air  is  often  a  promoter  of 
dyspepsia,  nervousness,  and  depression,  during  the  presence  of  which  conditions  the 
person  affected  is,  in  the  strict  sense  of  the  term,  neither  well  nor  ill. 

Typhoid  or  Enteric  Fever. — Some  years  ago  the  disease  known  at  present  as 
typhoid  or  enteric  fever  was  not  distinguished  from  typhus.  Typhoid  is  now 
recognised  as  a  distinct  disease,  and  has  been  designated  cesspool  fever,  drain  fever, 
and  foul-water  fever.  It  is  a  disease  commonly  connected  with  bad  drainage  of 
the  house  as  its  cause,  but  the  evidence  is  not  so  clear  in  favour  of  its  making 
the  air  the  medium  of  conveyance  as  is  the  evidence  of  such  mode  of  convey- 
ance in  the  case  of  typhus.  Some  physicians  are  so  satisfied  that  typhoid  does 
not  spread  through  the  air,  that  they  are  content,  in  a  sick  ward  of  a  hospital,  to  let 
the  typhoid  patients  commingle  with  the  general  sick;  and  they  affirm  that  the 
risk  is  nil  if  ordinary  precautions  are  taken  to  avoid  certain  easily  specified 
dangers. 

I  am  inclined,  from  experience,  to  hold  the  same  opinion,  biit  this  does  not 
render  domestic  sanitation  in  relation  to  typhoid  less  important ;  on  the  contrary, 
it  gives  rise  to  the  necessity  for  additional  care  and  circumspection.  If  it  be  true 
that  the  poison  of  typhoid  is  not  borne  from  one  person  to  another  by  the  air 
within  the  dwelling— and  it  must  be  admitted  that  the  statement  is,  as  a  rule, 
coiTect— it  is  not  the  less  certain  that  the  cesspool  or  drain  is  a  source  of  danger, 
and  it  may  be  the  prime  source.  The  evidence  that  lias  now  accumulated,  to  the 
extent  of  being  all  but  a  demonstration,  is  to  the  efiect  that  the  poison  of  typhoid 
is  thrown  off  from  the  affected  by  the  secretions  which  pass  from  the  bowels. 
These  secretions  are  poisonous,  and  if  they  enter  so  as  to  infect  the  drinking- 
water  or  other  drinks  or  foods,  tlumigh  such  infection  the  disease  easily  passes 
from  the  sick  to  the  healthy.     It  still  remains  a  debatable  point  whether  the 
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emanations  from  tlie  excretions  of  the  typhoid  patient  may  not  be  conveyed  by 
the  air  if  they  are  permitted  to  dry  upon  clothing  or  other  substances,  from 
which,  afterwards,  they  may  mechanically  diffuse  through  the  atmosphere. 

PULMONARY  CONSUMPTION  FROM  DEFECTIVE  SANITATION. 

One  of  the  most  fatal  of  our  English  diseases,  pulmonary  consumption, 
or  consumption  of  the  lungs,  has  been  largely  promoted  by  the  presence  of 
imchanged  and  impure  air  in  the  dwelling-house.  This  fact  has  been  so  often 
observed,  it  has  led  some  to  believe  that  pulmonary  consumption  is  infectious  under 
certain  circumstances,  and  that  living  in  a  room  where  a  consumptive  person  is 
also  living  may  be  serious  in  its  consequences  to  those  who  are  healthy.  I  have 
myself  shown  that  consumptive  persons  who  have  lived  in  the  same  apartment  have 
successively  become  affected  by  the  disease,  the  following  being  perhaps  the  most 
striking  of  these  facts  : — A  man,  by  business  a  hawker,  a  "  Cheap  Jack,"  who  was 
accustomed  to  live,  with  some  other  members  of  his  family,  in  the  van  in  which  he 
travelled  from  fair  to  fair,  and  from  which  he  sold  his  wares,  was  brought  to  me  in 
the  third  stage  of  pulmonary  consumption.  He  soon  succumbed  to  the  disease,  and 
was  succeeded  in  business  by  his  brother,  who  followed  precisely  the  same  line  of 
life,  and  came  to  live  in  the  same  van.  His  brother  soon  afterwards  became 
consumptive,  and  died.  He,  in  turn,  was  succeeded  by  his  sister's  husband,  who 
shared  the  same  fate;  and,  not  to  extend  the  narrative  to  an  undue  length,  in  the 
course  of  seven  years  I  had  before  me  no  fewer  than  nine  victims  of  the  fatal 
pulmonary  disease,  in  every  one  of  whom  it  seemed  to  originate  in  that  particular 
travelling-van.  It  was  in  vain  I  protested  to  those  affected  against  continuing  to 
live  under  conditions  so  favourable  to  disease.  They  argued  that  they  Avere  constantly 
in.  the  open  air  by  day,  that  they  got  regular  change  of  air,  that  they  were  not 
exposed  to  wet,  and  that  at  night  they  were  very  snug  ;  in  short,  they  would  not 
believe  that  the  sleeping  in  the  van-house  had  anything  whatever  to  do  with  the 
disease. 

The  observation  of  a  series  of  facts  such  as  these  may  at  first  "sight  seem  to 
convey  the  notion  that  the  poison  of  the  disease  was  conveyed  in  the  van,  and 
was  communicated  from  one  series  of  its  occupants  to  the  next.  The  evidence  i.s 
not  conclusive.  The  first  sufferer  had  bought  the  van  new,  and  first  occupied  it  • 
he,  therefore,  did  not  get  the  disease  by  a  process  of  continuation.  The  van  was 
afterwards  regularly  emptied,  cleaned,  newly  painted,  and  exposed  to  the  air ;  so 
that  the  probabilities  of  the  continuance  of  specific  communicable  poison  in  it  are 
most  remote.  The  practical  truth  is,  however,  none  the  less  valuable  that  the 
disease  originated  so  many  times  under  the  same  conditions,  and  truths  of  this 
kind  camiot  be  too  often  related. 

On  a  large  scale,  the  fact  of  the  infiuence  of  impure  air  in  the  production  of 
pulmonary  disease  was  fully  broiight  out  in  the  Report  of  the  Army  Commission  in 
1858  respecting  the  life  and  health  of  our  soldiers  quartered  ia  England.  Before 
the  appearance  of  the  Report,  and  for  some  time  afterwards— until,  indeed,  the 
recommendations  of  that  Report  were  acted  upon— the  health  of  our  home- 
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quartered  soldiers  was  so  bad  tliat  their  mortality'  was  actually  douljle  what 
it  ought  to  have  been.  The  rate  of  mortality  in  the  effective  men  of  all 
ages  of  the  army  at  home  was  17 '5  in  the  thousand.  At  the  same  time 
the  rate  of  the  mortality  of  the  town  and  country  population  at  the  same 
ages  was  9-2  in  the  thousand,  while  that  in  the  country  districts  only  was  7 •7. 
In  the  population  of  one  of  the  most  unliealthy  towns  in  the  kiiigdom,  namely 
Manchester,  the  mortality  was  then  very  high  ;  but  even  in  this  selected  spot  of 
unheal thiness  it  was  only  12*4  per  thousand  of  persons  of  the  same  ages  compared 
with  the  17 '5  of  the  soldiery. 

Here  was,  then,  a  remarkable,  series  of  facts  in  which  contrasts  of  the  most 
singular  kind  were  established.  Nor  did  the  contrasts  end  as  above  stated.  The 
soldier's  life  was  a  selected '  life,  and  ought  therefore  to  have  been  better  than 
that  of  the  civilian  of  the  same  ago.  It  Avas  manifestly  much  worse,  and  so  the' 
i-eporters  wei'e  led  to  a  further  analysis.  They  asked  the  question  : — How  does 
this  soldier,  selected  in  consequence  of  Ids  good  life,  stand,  in  relation  to  life, 
by  the  side  of  the  agricultural  labourer  of  the  same  age?  The  soldier,  they 
argued,  ought  to  stand  in  a  much  better  position  than  the  agricultural  labourer. 
His  duty  is  in  the  open  air,  he  receives  an  ample  supply  of  food,  he  is  housed  at 
considerable  expense ;  if  he  should  fall  sick,  the  Government  stands  to  him  in  the 
place  of  a  friendly  society  ;  when  sick  he  is  at  once  sent  to  the  hospital,  however 
slight  his  illness  may  be.  He  has  no  care  for  the  morrow,  and  he  has  all  the  treat- 
ment and  all  the  nursing  his  case  may  require.  Materially,  therefore,  the  soldier  in 
England  had  all  the  advantages  of  an  agricultural  labourer,  with  some  other 
advantages  that  ought  to  have  assisted  his  vital  powers.  How,  then,  did  he  stand  in 
respect  to  vitality?  The  ansAvcr  that  came  out  was  the  startling  one  that,  within 
corresponding  ages,  the  mortality  of  the  agricultural  classes  belonging  to  friendly 
societies  was  6-055  per  annum  in  a  thousand,  while  in  the  soldier  class  it  was  15-7— 
namely,  IM  per  thousand  in  the  household  cavalry,  13-5  in  the  dragoons,  17 '9  in 
the  infantry  of  the  line,  and  20-4  in  the  Foot  Guards. 

Some  further  facts  were  elicited  from  a  comparison  of  the  mortality  of  the 
selected  soldiers  by  the  side  of  men  of  out-door  trades  in  towns,  and  men  of  trades 
that  were  partly  ■  in-door  and  partly  out-door,  and  over  whom  the  friendly  society 
did  or  did  not  throw  its  protection  ;  and,  again  the  tale  was  told  that  the  mortality 
in  these  unfavoured  ranks  was  little  less  than  half  that  of  the  Foot  Guai-ds.  Even 
the  printers  yielded  9-090  to  the  20-4  mortality  of  the  Foot  Guards. 

When  the  cause  of  this  great  disparity  came  to  be  investigated,  it  was  discovered 
that  the  diseases  known  as  pulmonary  were  the  fatal  maladies  which  specially 
affected  the  soldier,  and  laid  him  low.  It  was  discovered  that  while  m  civU  life  the 
deaths  by  pulmonary  or  chest  diseases  at  the  soldiers'  ages  were  6-3  per  thousand, 
they  amounted  in  the  cavalry  to  7-3,  in  the  infantry  of  the  line  to  10-2,  m  the  Guards 
to  13-8.  Of  the  entire  number  of  deaths  from  all  causes  in  the  army,  diseases  of 
the  lungs  constituted  the  following  proportion  :-in  the  cavalry  53-9  per  cent.  ;  m 
the  infantiy  of  the  line  57-277  ;  in  the  Guards  67-683  per  cent.  Pushing  hen- 
inquiries  one  step  farther  still,  the  reporters  came  at  last  to  the  kernel  of  their  task 
Why  should  these  selected  soldiers  suffer  so  specially  from  diseases  of  the  chest] 
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Was  there  anything  in  their  occupation,  in  their  clothing,  in  their  diet,  that  would 
account  for  the  phenomenon,  and  indicate  the  predisposing  causes  of  their  excessive 
mortaUty  from  pulmonary  disease.  On  these  points  the  reporters  were  able,  by  the 
process  of  exclusion,  to  remove  many  suspected  causes.  They  were  able  to  exclude 
night  duty,  want  of  exercise,  unsuitable  employment,  and  intemperate  and 
debauched  habits.  These  influences  the  inquirers  did  not,  of  course,  ignore,  but  by 
comparison  they  found  them  insufficient  to  account  for  the  disparity  which  was 
seen  to  exist  between  the  soldiers  and  the  other  classes  of  the  community. 

At  last  they  came  upon  one  cause  which  they  could  not  exclude,  and  which,  in 
accordance  with  the  Newtonian  saying,  was  both  true  and  sufficient  cause  to  account 
for  the  phenomenon.  That  one  cause,  or  rather  that  one  series  of  causes,  was  over- 
crowding, insufficient  ventilation,  and  nuisances  arising  from  latrines  and  defective 
sewerage  in  barracks.  A  single  agent,  vitiated  air,  acted  with  such  intensity — 
especially  when  superadded  to  a  certain  degree  of  exposure— as  not  only  to  produce 
iu  the  Foot  Guards  an  amount  of  chest  disease,  and  especially  of  pulmonary 
consumption,  greater  than  was  produced  in  civil  life  by  all  the  other  causes  united, 
but  actually  to  carry  off  annually  a  number  of  men  nearly  equalling  in  the  infantry, 
and  actually  exceeding  in  the  Guards,  the  number  of  civilians  of  the  same  age  who 
died  from  all  classes  of  disease. 

One  final  observation  crowned  this  research  of  the  Commission  of  Inquiry.  The 
Commissioners  compared  the  mortality  of  the  army  when  it  was  hutted  before 
Sebastopol  in  18.56  with  that  of  the  troops  at  home,  and  discovered  that  the 
mortality  before  Sebastopol  was  nearly  one-third  less  than  the  mortality  of  the 
infantiy  of  the  line,  while  it  was  two-fifths  less  than  that  of  the  Foot  Guards 
barracked  in  England.  The  mortality  of  the  army  before  Sebastopol  during  twenty- 
two  weeks,  ending  May  31st,  1856,  was,  including  deaths  by  violence  or  accident, 
at  the  rate  of  12 '5  per  thousand  per  annum,  as  against  17  "9  in  the  infantry, 
and  20" 4  in  the  Guards  quartered  in  England. 

The  record  of  these  observations  is  the  best  and  most  forcible,  because  most 
extended  and  accurate,  that  has  ever  been  supplied  respecting  the  influence  of 
confined  air  in  the  living  and  sleeping  apartments  of  men  who  are  accustomed  even 
to  an  active  life  and  to  the  enjoyment  of  much  out-door  life.  If  I,  or  any  other 
physiologist,  had  desired  to  carry  out  a  great  experiment  in  order  to  inquire  how 
diseases  of  the  lungs  might  be  artificially  induced  in  men  who  had  been  healthy  up 
to  the  time  of  the  experiment,  we  could  not  have  devised  any  method  that  would 
have  led  to  a  series  of  results  more  striking  or  more  convincing.  Neither 
could  we  possibly  have  concluded  our  experiment  more  satisfactorily  than  was  done 
in  the  recommendations  of  the  commissioners.  They  recommended  tliat  an  entirely 
new  system  should  be  introduced  into  barrack-life ;  that  air,  fresh  and  pure,  should 
at  all  times  circulate  through  the  buildings,  and  especially  through  the  dormitories ; 
and  that  every  soldier  should  have  efficient  and  sufficient  breathing-space.  Since 
these  regulations  have  been  in  force,  the  English  soldier  at  home  has  no  longer  the 
unenviable  position  of  being  first  in  the  ranks  of  those  who  fall  victims  to  pulmonary 
conHumption  and  other  aftections  of  the  respiratory  organs,  but  is  rather  the  model 
of  a  lower  mortality ;  so  that  as  the  gaols,  once  the  foci  of  fever,  are  at  this  time 
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the  most  free  of  that  disease,  the  barracks,  oixce  the  foci  of  consumption,  are 
now  the  most  free  of  that  destroying  malady. 

■  Here  we  see  a  scale,  as  it  were,  of  disease.  In  the  gaol,  in  its  very  worst 
condition  of  foul  air,  the  disease  typhus  was  the  scourge  :  in  the  barrack,  with  foul 
air,  but  less  foul,  consumption  was  the  scourge  ;  pure  air  substituted  in  both  places, 
both  the  diseases  have  been  enchanted  away.  Lessons  such  as  these  should  never 
be  cast  aside,  and  they  apply  with  the  most  telling  force  to  our  present  work.  In 
many  of  our  best  houses — I  mean  best  in  relation  to  their  appearance  and  cost, 
not  in  respect  to  their  construction — the  errors  that  were  common  in  the  barrack 
are  still  present,  and  rooms  are  used  as  sleeping-rooms  which  stand  in  the  eyes  of 
the  sanitarian  like  so  many  experimental  boxes  for  the  synthetical  development  of 
pulmonary  disease.  The  room  is  too  small ;  the  room  is  devoid  of  a  fireplace ;  the 
room  is  devoid  of  a  ventilator ;  the  room  has  a  window  that  will  open  with  difficulty, 
and  at  best  but  a  little  way;  and  yet  that  room  is  used  as  a  sleeping-room  for  one, 
or,  it  may  be,  two  persons.  These  are  the  rooms  in  which  they  who  are  disposed 
to  pulmonaiy  afiection  find  their  early  fates ;  these  rooms  are  the  vestibules  to 
the  grave. 

It  often  occurs  that  these  rooms  in  our  modern  houses  are  situated  on  the  top 
fioor  of  the  house,  in  that  part  which  is  set  aside  for  the  servants.  "  These,"  it  is 
said  by  those  who  show  the  house  to  the  inquirer,  or  would-be  tenant,  "  these  ai-e 
only  the  servants'  bed-rooms  ! "  As  if  it  were  of  no  consequence  where  the  servants 
were  lodged  for  the  one-third  of  the  life  they  are  in  service.  Often  the  tenant, 
perfectly  satisfied  with  the  intimation,  is  quite  content  not  to  inquire  any  further 
into  such  apartments,  which  are  made  over,  as  suggested,  to  the  servants,  or  in  some 
instances  to  the  servants  and  to  the  children  of  the  famUy.  To  this  neglect  very 
much  of  the  disease  of  the  lungs  which  we  find  in  the  occupants  of  the  rooms  is 
clearly  traceable.    The  barrack  lesson,  on  a  small  scale,  is  definitely  repeated. 
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The  evils  arising  from  close  rooms  and  unchanged  air  in  our  modern  houses  are 
very  much  increased  by  the  presence  in  the  air  of  atmospheric  moisture  or  damp. 
When  damp  is  present,  with  even  free  ventilation  or  passage  of  air  through  the 
rooms  of  a  house,  there  is  danger  of  mischief  from  the  damp  alone.  The  damp 
interferes  with  the  natural  transpiration  from  the  skin ;  the  damp  becomes  the 
ready  bearer  of  atmospheric  impurities  ;  the  damp  maintains  a  low  temperature,  and 
if  the  external  warmth  be  great  it  keeps  up  an  irregular  temperature.  All  these 
influences  combine  to  make  the  place  unliealthy,  without  any  other  factor  of  disease 
being  present.  Life  long  spent  in  an  atmosphere  charged  with  moisture  must  be 
attended  with  suffering,  and  the  sufi"erings  that  are  evoked  are  often  most  severe.  It 
is  in  the  damp  house  that  those  most  painful  of  painful  maladies,  neuralgia  and  acute 
and  chronic  rheumatism,  have  then:  frequent  origin;  and,  again,  it  is  in  the  damp 
house  that  the  as  yet  unknown  poisonous  material  called  malarita  poison  finds  its 
home  and  its  means  of  increase.  We  may  say  that  aU  damp  houses  are,  after  a 
manner,  malarious  houses.    In  thorn  the  conditions  are  present  in  which  the  morbid 
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transferable  products  of  all  diseases  are  most  favoured,  certainly  for  transmission, 
and  possibly  for  growth  and  development. 

It  has  often  been  suggested  that  some  organic  poisons  may  be  condensed  from 
the  water  which  is  diffused  through  the  air  of  the  apartments  in  which  persons 
occupying  damp  houses  and  damp  localities  live.  This  is,  indeed,  probable  from  the 
known  fact,  well  carried  out  in  chemical  experiments  on  air,  that  the  gases  diffused 
in  a  confined  atmosphere,  and  the  organic  matter  produced  or  diffused  in  the  same 
place,  can  be  condensed  and  collected  in  water.  Dr.  Letheby,  in  his  examinations  of 
sewer  air,  placed  glass  globes,  holding  within  them  a  freezing  mixture,  in  the  sewer. 
The  water  condensed  from  the  air  on  to  the  outer  surfaces  of  the  globes  was  collected 
from  them  into  a  dish  beneath,  and  was  found,  on  analysis,  to  yield  the  soluble 
sewer  gases,  and  various  forms  of  microscopic '  organic  life.  In  the  human  lung 
we  possess,  as  I  have  shown  in  my  experimental  lectures  on  medicine,  one  of  the 
most  powerful  of  condensing  instruments,  and  we  can  but  see,  when  we  reflect 
thoughtfully,  that  to  inhale  for  hours  at  a  time,  or  days  at  a  time,  a  moist  atmosphere, 
containing  in  its  water  organic  and  inorganic  impurities,  is  to  be  subjected  to 
much  danger.  If  we  inhale  but  ten  cubic  inches  per  breath,  and  by  resjiiring 
sixteen  times  in  the  minute,  one  hundred  and  sixty  cubic  inches  per  minute, 
we  must  soon  accumulate  an  enormous  store  of  sohible  noxious  substance  foi; 
entrance  into  the  blood. 

Thus  an  impure  damp  air  is  a  double  source  of  danger ;  such  air  is  called 
malarious,  and  in.  such  aii*  the  great  malarious  diseases — ague,  neuralgia,  and 
rheumatism — have  found  their  fitting  homes.  Macculloch  has  shown  that  such 
malarious  air  affects  even  sviccessive  genei'ations  of  residents  in  it :  that  it  produces 
a  degeneracy  of  the  races — a  fact  which  is  never,  he  states,  better  shown  than 
when  the  inhabitants  of  marshy  plains  are  brought  into  immediate  contact  with 
a  people  of  the  same  radical  origin  and  race  inhabiting  the  healthy  mountains, 
or  hilly  tracts  which  bound  or  include  them.  The  stock,  he  says,  not  only  becomes 
reduced,  but  deformities  are  frequent ;  while,  anatomically,  the  bones  are  found  to 
be  affected  :  their  extremities  in  particular  being  unusually  large  and  spongy,  and 
rickets  as  a'  positive  disease  being  also  an  implicated  consequence.  In  England 
there  was  a  time  when  in  the  undrained  marshy  districts  many  of  these  same  evils 
were  present,  if  not  dominant ;  and  although  we  have,  by  improved  drainage  and 
cultivation  of  land,  created  an  improvement  in  the  physical  condition  of  the  people 
in  the  respects  named,  we  have  not  removed  all  the  evils.  Dr.  George  Buchanan, 
the  present  distinguished  first  health  ofiicer  in  this  kingdom,  has  shown  with  lucid 
clearness  that  consumption  is  singularly  in  excess  in  districts  where  the  humidity 
of  the  air  is  most  marked;  while  rheumatic,  neuralgic,  and  miasmatic  affections 
may  still  be  every  day  locally  connected  mth  damp  dwellings,  if  they  be  carefully 
and  propsrly  investigated. 

In  our  modem  towns  and  cities,  and  in  the  newest  parts  of  them,  many  sources 
of  damp  are  encountered.  In  the  construction  of  some  modern  dwellings  bricks  are 
used  which  will  absorb,  as  Mr.  Edwin  Chadwick  has  shown,  as  much  as  a  pound's 
weight  of  water.  For  laying  the  bricks,  mortar  is  sometimes  used  in  Avhich  sand 
containing  sea-salt  forms  a  constituent  part ;  in  the  portions  that  are  constructed  of 
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timber,  Avood  that  has  been  brought  across  the  sea  and  has  been  saturated  will 
water  is  sometimes  employed.  When  these  errors  of  construction  are  introduced 
m  the  building  of  a  house,  damp  is  a  necessary  result.  In  wet  weather  the 
building  materials  are  easily  saturated  with  water,  and  the  fires  within  bring  out  a 
free  diffusion  of  water  vapour.  During  the  dryer  seasons,  while  the  house  is  drying, 
the  warmth  that  is  external  causes  stUl  a  diffusion  of  vapour ;  and  if  the  house  be 
for  a  short  time  left  dry,  it  is  ready  upon  a  return  of  rain  to  absorb  again,  and, 
like  a  sponge,  take  up  so  much  liquid  to  create  damp  as  before. 

In  houses  of  the  kind  named  the  evidence  of  damp  is  at  almost  all  times  present. 
The  walls  are  seen  to  be  damp  ;  or  paper  upon  the  walls  is  observed  to  be  pee]iug  off 
or  to  be  loose  in  places ;  or  there  is  a  patch  here  and  there  of  saline  encrustation ; 
or  there  is  moisture  on  bright  objects,  such  as  the  mirrors,  and  rust  on  steel  grates, 
and  other  polished  metallic  surfaces. 

I  have  met  with  houses  of  this  faulty  construction  so  often,  I  fear  they  must  be 
more  general  than  is  commonly  supposed.  In  a  large  and  fine  hotel  where  I  was 
recently  destined  to  sleep,  I  found  the  bed-room  so  charged  with  damp  that  the 
large  looking-glass  over  the  mantel-shelf  was  dimmed  with  moisture,  and  though  it 
was  late  in  the  night,  I  would  not  sleep  until  I  had  kindled  a  large  fire,  and  produced 
some  degree  of  dryness  in  the  air.  In  hotel  establishments,  it  is  these  damp 
rooms,  much  more  frequently  than  damp  sheets,  that  provoke  cold,  fever,  and 
rheumatism. 

Into  our  small  and,  to  the  eye,  pretty  suburban  dwelling-houses,  off  the  large  towns, 
the  same  errors  creep,  and  perform  a  deadly  mischief.  I  once  visited  a  new  and 
pretty  row  of  houses  in  a  London  suburb  to  see  a  young  lady  there  who  was 
suffering  from  pulmonary  consumption.  The  house  was  literally  saturated  with 
moisture.  This  patient  died  from  the  disease  that  had  been  lighted  up  into  activity 
there.  On  making  further  inquiries,  I  found  that  in  the  same  row  of  houses, 
twenty  in  number,  there  occurred  within  the  first  two  years  of  their  occupation  six 
other  instances  of  pulmonary  consumption  and  fourteen  instances  of  acute  rheumatic 
fever.  A  patient  who  was  once  under  my  care,  and  who  was  a  confirmed  cripple 
from  rheumatic  disease  following  upon  acute  rheumatic  fever,  gave  me^  in  language 
as  simple  as  it  was  truthful,  the  history  of  her  case  at  its  origin.  Newly  married, 
she  and  her  husband  bought  a  new  house,  which,  in  their  desire  to  settle  quickly, 
they  inhabited  while  the  walls  were  still  bedewed  -with  moisture.  She  sickened  with 
acute  rheumatic  fever,  and  never  fully  recovered  from  its  effects.  Worse  than  all, 
eveiy  one  of  her  children — and  she  gave  birth  to  seven  after  her  attack — were 
affected  with  rheumatic  disease,  three  dying  from  heart  affection  dependent  upon  the 
rheumatic  constitution. 

A  lesser  degree  of  moisture  in  a  dwelling  than  is  sufficient  to  produce  the  above- 
named  acute  and  serious  diseases  may  be  sufficient  to  cause  much  painful  suffering. 
In  a  large  number  of  instances  neuralgia  and  sciatica  are  either  induced  directly,  or 
are  greatly  promoted  by  residence  in  a  damp  house. 

Dampness  in  a  dwelling  may  be  due,  not  to  a  fault  in  the  materials  of  which 
the  house  is  built,  but  to  the  position  of  the  house  itself.  The  fine  old  mansion 
built  in  the  stagnant  valley,  or  on  the  margin  of  a  piece  of  ornamental  water  or 
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1-vke  is  loo  often  an  illusti-ation  of  this  fact.  A  veritable  superstition  now  and 
then  haunts  such  a  mansion.  So  many  of  the  young  who  are  nurtured  there  die  hi 
early  youth,  that  the  house  is  said  to  have  a  bad  name— it  is  a  house  of  ill-fortune  : 
it  kills  its  young.  About  such  a  house  no  one  is  well ;  the  occupants  altogether 
are  pale,  subject  to  colds,  coughs,  neuralgias,  rheumatisms;  they  say  the  place 
is  "rheumatiky,"  which  is  but  another  mode  of  expressing  that  the  place  is 
damp. 

One  reason  why  damp  is  so  severe  and  special  an  evil  was  briefly  explained 
when  the  condensation  of  soluble  gases  and  organic  substances  was  referred  to. 
There  is  another  and  purely  physiological  reason  why  humid  atmospheres  injure 
the  body.  Low  barometrical  pressure,  excess  of  humidity  of  air,  and  a  temperature 
low,  but  not  low  enough  to  compensate  for  increase  of  animal  heat  by  abstraction 
of  it  from  the  body,  are  the  conditions  for  a  febrile  state  of  body,  without  regard 
to  actual  absorption  of  organic  poison.  Hence  we  find  that  in  those  months  of  the 
year  when  the  air  is  most  humid,  the  diseases  of  an  inflammatory  and  febrile 
character  are  most  predommant,  and  that  even  surgical  operations  are  then  followed 
■with  a  higher  mortality. 


COLDS,  CHILLS,  AND  IRRITATIONS. 

The  habitation  is  sometimes  a  cause  of  disease  in  consequence  of  the  body  being 
exposed  in  it  to  colds  and  chills,  the  effects  of  irregular  temperatures  and  draughts. 
The  precise  nature  of  a  common  cold  is  still  a  mystery.  It  is  a  nervous  disturbance, 
in  which  the  circulation  of  the  blood  through  the  glandular  system  of  the  skin  or 
mucous  membrane  is  disturbed,  so  that  the  parts  affected,  first  rendered  dry  and 
ii-ri table,  are  afterwards  subjected  to  a  profuse  excretion  and  dischai'ge.  There  are 
seasons  of  the  year,  there  are  conditions  of  the  air,  in  and  diiring  which  the  tendency 
to  take  cold  is  very  much  increased ;  inci-eased,  as  it  is  believed,  by  some  physical 
change  in  the  atmospheric  sea  itself.  There  are  conditions  in  a  house  which  may 
add  to  this  tendency,  and  which  may  perhaps  induce  the  cold,  even  when  the 
general  tendency  is  not  at  hand.  There  are,  moreover,  some  persons  who  are 
extremely  susceptible  to  colds,  from  variations  of  temperature  affecting  the  external 
surfaces  of  their  bodies. 

In  the  house,  the  prevailing  miscliief  is  the  "draught,"  as  it  is  called  ;  the  passage 
of  a  current  of  air  sharply  across  the  body,  so  that  the  part  of  the  body  that  is 
exposed  to  the  draught  is  disturbed  in  respect  to  the  balance  of  its  circulation. 
Many  diseases  of  an  acute  kind  thus  originate  from  draught.  The  balance  disturbed 
on  the  exterior  of  the  body,  there  is  after  disturbance  in  the  circulation  of  the 
organs  within  the  body  ;  of  the  lungs,  of  the  kidney,  of  the  intestinal  tract.  The 
lungs  are  the  parts  which  most  readily  suffer ;  and  congestion  of  the  lungs,  ending 
in  bronchitis,  in  pneumonia,  and,  in  those  who  are  disposed  to  the  disease,  pul- 
monary consumption — phthisis  pulmonalis — are  the  too-often  and  serious  resultant 
diseases. 

In  large  houses  the  danger  of  draughts  is  less  than  in  small.    There  is,  indeed, 
no  more  diflBcult  problem  in  this  uncertain  climate  of  ours  than  the  problem  of  at 
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once  ventilating  a  small  room  properly  and  of  warming  it  properly,  without 
draught. 

^  Local  irritation,  affecting  the  aii--passage3  of  the  lungs  and  of  the  surface  of  the 
skin,  is  sometimes  induced  by  the  practice  of  warming  the  air  of  a  room  by  means 
of  a  stove  made  of  cast-iron,  which  stands  out  in  the  room,  and  presents  a  large  and 
active  beating  surface.  The  air,  beating  on  this  surface,  is  rendered  dry  and  very 
unwholesome,  and  I  have  known  instances  in  which  persons,  from  occupying  a  room  the 
air  of  which  Avas  beated  in  such  a  manner,  have  suffered  from  cough  and  even  from 
spitting  of  blood.  It  is  usual  in  rooms  permeated  with  this  diy  air  to  distribute 
moisture  by  having  cups  of  water  placed  on  or  near  the  stove,  so  that  vapour  of 
water  may  diffuse  into  the  space.  The  practice  is  a  bad  one,  because  there  is  no 
regularity  about  it.  At  one  time  tbere  is  abundance  of  water  vapour  in  the  air,  at 
another  time  not  sufficient ;  and  when  the  stove  rapidly  cools  down,  the  air  is  left 
cold  and  damp.  Thus  the  relief  which  the  water  renders  in  one  direction  is  lost  in 
another,  and  the  remedy  becomes  as  bad,  if  not  worse,  than  the  evil. 


ENFEEBLE.MENT  FROM  DEFICIENT  LIGHT. 

The  political  mistake  which  was  once  made  in  this  country,  in  an  age  utterly 
ignorant  of  all  sanitary  science,  of  putting  a  tax  on  light,  had  an  effect  on  healthy 
architecture  which  Avas  disastrous  to  an  extent  little  understood.  It  was  an  act 
actually  criminal  in  its  ignorance,  and  we  see  the  effects  of  it  to  the  present 
hour.  Pure  light  is  as  essential  to  health  as  pure  food  and  drink.  We  are  but 
just  beginning  to  understand  its  vital  value.  Still,  we  now  do  know  that  those 
who  are  immured  in  dark  places  become  etiolated,  or  blanched,  anaemic,  feeble. 
We  are  beginning  to  know  more  than  this.  We  are  learning  that  by  the  action 
of  light  the  poisonous  organic  products  which  produce  disease  are  decomposed, 
or  rendered  inactive.  I  found  this  to  be  the  fact  in  respect  to  the  poison  of  the 
cobra  di  capello,  which  poison  retained  its  active  i)roperties  in  the  dark,  but  lost 
them  on  exposure  to  the  rays  of  the  sun. 

MALAISE  AND  PHYSICAL  FEEBLENESS  FROM  DETERIORATED  AIR. 

In  addition  to  the  injuries  to  health  from  air  rendered  impure  in  the  modes 
which  have  been  described  above,  there  are  others  of  a  minor  character  which, 
though  less  acute  and  alarming,  are  deserving  of  close  attention.  In  some  early 
researches  of  mine  respecting  the  action  of  oxygen  gas  on  animal  bodies,  I  made  a 
series  of  observations  which  indicated  that  air  may  be  deteriorated  by  the  respiration 
of  animal  bodies,  even  though  the  known  products  of  respiration  be  completely 
removed  from  it.  I  discovered  that  if  a  warm-blooded  animal  were  made  to  live  in 
an  atmosphere  of  pure  oxygen  gas  it  would  soon  cease  to  continue  in  its  natural 
state  of  active  life,  although  the  atmosphere  m  which  it  breathed  were  cleared,  in 
the  most  careful  manner,  of  the  deleterious  gases  which  pass  off  in  its  expired  air. 
The  discovery  was  not  a  new  one  in  science,  for  the  same  phenomenon  iiad  l^eoTi 
witnessed  by  Sir  Bcnjamiu  Brodic  and  Mr.  Broughton  in  their  experiments.  But 
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by  cavryin-  my  inquiries  a  little  farther  than  theirs,  I  detected  that,  m  order  to 
produce  the  depressiiag  effects  which  follow  the  long-continued  inhalation  of  oxygen 
gas  it  is  necessary  that  the  animals  should  continue  to  live  in  the  same  chamber  of 
'  [f  the  gas,  being  freshly  made  at  all  times,  were  passed  through  the  chamber  con- 
cr  the  animals,  freely  and  in  current,  then  the  only  changes  that  occurred  were  a 


gas'  If  the  gas,  being  freshly  made  at  all  times,  were  passed  through  the  chamber  con- 
taining the  animals,  freely  and  in  current,  then  the  only  changes  that  occurred  were  a 
quicker  oxidation  of  the  body,  an  increased  waste,  and  an  extreme  desire  for  food  : 
conditions  that  were  much  intensified  when  the  temperature  of  the  gas  was^  raised 
from  60°  to  70°  Fahr.  I  also  found  that  after  the  oxygen  had  become  deteriorated 
by  being  retained  in  the  chamber,  its  vital  properties  could  be  restored  to  it  by  the 
simple  process  of  passing  electrical  sparks  through  it,  provided  always  that  the 
carbonic  acid  and  other  products  of  animal  combustion  were  carefully  removed.  I 
still  further  observed  that  in  the  oxygen  deteriorated  by  respiration,  dead  organic 
substances  decomposed  more  readily  than  they  did  in  fresh  oxygen,  or  in  oxygen 
after  it  had  been  electrified. 

In  another  set  of  experiments  with  electrified  oxygen,  I  ascertained  that  when  a 
dead  animal  substance  had  undergone  decomposition  it  could  be  made  sweet,  and 
could  be  temporarily  checked  from  undergoing  ordinary  decomposition,  by  the 
process  of  subjecting  it  to  the  influence  of  electrified  oxygen.  Some  clotted  blood 
that  had  been  allowed  to  decompose  until,  from  the  formation  of  ammonia,  its  solidi- 
fied fibrine  had  re-passed  into  the  soluble  state,  was  subjected  to  a  current  of  electrL 
fied  oxygen,  and  thereupon  became  so  changed  that  it  was  deodorised  altogether, 
and  re-assumed  the  solid  or  coagulable  form. 

To  air  deteriorated  in  character  I  have  given  the  name  of  devitalised,  and  I 
have  ventured  to  infer  that  when  in  close  rooms,  impure  dwellings,  and  crowded 
assemblies,  we  feel  or  see  depression,  drowsiness,  and,  it  may  be,  faintness,  there  is 
more  at  work  to  cause  these  effects  than  the  products  of  respiration  or  of  burning 
fuel  or  gas ;  and  that  the  supporter  of  animal  life,  the  oxygen  itself,  is  under  a 
•  physical  change  of  condition,  by  Avhich  it  is  losing  its  special  sustaining  faculty, 
and  is  becoming,  by  negation,  a  poisonous  agent. 

If  my  views  on  this  important  subject  be  correct,  devitalised  air  plays  a  leading 
•  part  in  the  production  of  much  of  the  low  condition  of  health  that  marks  the  inhabi- 
tants of  overcrowded  cities  and  houses.  It  is  this  air,  with  no  vegetation  to  purify  it, 
which  is  called  the  "close  air"  of  the  town,  as  distinguished  from  the  "fresh  air"  of  the 
country  ;  it  is  this  aii-  which  makes  the  child  of  the  town  so  lax,  pale,  and  feeble  ;  it 
is  this  air  which  gives  to  some  of  our  public  institutions,  where  many  persons  are 
herded  together,  the  peculiar  odour  which  has  been  so  often  and  so  characteristically 
called  the  "  poor  smell." 

The  great  causes  of  devitalisation  of  the  air  ai-e  organic  exhalations  given  off  from 
animal  bodies  or  extricated  from  organic  substances  undergoing  change.  These,  by 
their  presence  as  well  as  by  their  diffusion,  by  contact  with  the  oxygen  of  the  air 
as  well  as  by  admixture  with  it,  induce  the  bad  sustaining  state  of  the  atmospheric 
oxygen.  In  whatever  house  there  is  an  odour  of  what  is  known  as  staleness,  there 
is  this  bad  air.  In  lumber-rooms,  M'here  all  sorts  of  incongi-uous  articles  are  stowed 
away  in  gloom  or  darkness;  in  under-stair  closets,  where  clothes  and  shoes  are  kept; 
in  bed-rooms  overstocked  with  furniture  and  covered  with  heavy  carpets,  which  liold 
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in  their  meshes  pounds  and  pounds  of  organic  dust ;  in  dining-rooms,  in  which  the 
odovu-  of  the  last  meal  is  present  until  that  of  the  next  meal  varies  it,  and  from  the 
sideboard  or  cupboards  of  which  the  smell  of  decomposing  fruit  or  cheese,  or  other 
kind  of  food,  is  emanating  ;  in  drawing-rooms  overstocked,  to  an  extreme  degree,  with 
furniture,  over-curtained  and  over-oarpeted,  and  through  the  air  of  which  the 
scent  of  dead  flowers  is  constantly  diffusing;  in  kitchens,  in  which  the  odorous 
indication  of  cooking  is  perpetually  present ;  in  sculleries,  where  it  would  occur  to  a 
stranger,  whenever  he  might  enter,  that  there  is  then  and  there  a  process  of  washing- 
up  actively  going  on,  and  where  the  products  of  decomposition  from  stewed-up  bones, 
potato-paringg,  recent  vegetable  green  food,  with  smells  from  the  sink  of  water 
poured  from  greens,  are  systematically  passing  off;  in  passages  and  corridors, 
•  loaded  on  their  walls  with  the  dried  skins  and  feathers  of  dead  animals,  or  covered 
on  their  floors  witli  worn-out  mats  or  dirty  matting,  and  in  Avhich  the  air  is  always 
close  and  dusty ;  in  libraries,  where  the  books  are  piled  to  the  ceiling,  and  on  the 
shelves  and  volumes  of  which  dust  accumulates  day  after  day,  until  a  book  lias  to  bo 
flapped  clean  of  dust  before  it  is  usable ;  in  smoking-rooms,  where  at  all  hours  the 
fume  of  stale  tobacco  is  ever  present:  in  each  and  all  of  these  places  the  air  is 
devitalised,  in  each  and  all  of  these  places  the  air  is  changed  in  physical  quality, 
and  life  is  not  fully  sustained.  In  such  places,  to  use  a  common  expression,  not 
perhaps  here  found  to  be  applicable  in  a  strictly  experimental  sense,  but  still  suffi- 
ciently applicable  to  bo  generally  correct,  the  oxygen  is  reduced  in  power.  It  is 
being  used  up  for  the  final  destruction  of  oi'ganic  substances,  which  are,  in  a 
health  point  of  view,  inadmissible  into  the  air  of  the  dwelling-house. 

The  evidence  of  this  impure  air  is  rendered  in  many  striking  ways,  but 
particularly  by  the  presence  in  the  house  of  the  lower  forms  of  life.  When  flies 
during  warm  weather  ai-e  specially  attracted  to  a  room;  when  "mould"  collects 
quickly  on  the  walls ;  and  when,  in  the  room,  edible  substances  soon  become  mouldy, 
then  it  is  certain  that  the  conditions  of  health  are  not  properly  fulfilled  in  that  room. 
The  same  observation  may  be  made  to  extend  to  what  are  more  distinctly  known  as 
vermin.  A  house  that  is  infested  with  any  kind  of  verminous  insect  is  not  possibly 
a  healthy  house.  It  is  a  house  that  tells  its  own  tale.  That  living  thing  which 
disgusts  the  senses  by  its  presence  does  so  because  the  senses  are  the  outworks  of 
the  body  :  because  in  them  the  sentries  of  the  body  are  on  guard  so  vigilantly,  it 
may  be  said  that  everything  that  offends  the  senses  in  a  marked  and  definite  degree 
offends  the  body  altogether  and  the  life.  There  is  little  excuse  even  for  ignorance 
to  be  unhealthy. 

Persons  living  in  deteriorated  conditions  of  the  air  are  not,  of  necessity, 
marked  out  as  suffering  from  any  definite  form  of  disease.  They  are  not  so  ill  as  to 
require  a  doctor,  and  many  of  them  go  on  for  many  years  without  complaint,  and 
without  admission  that  they  are  sickly  in  the  ordinary  sense  of  the  word.  Others 
are  always  suffeiing  from  malaise  without  being  laid  up,  but  they  are  seen  to  be 
pale,  easily  wearied,  dull  in  spirit,  and  when  they  have  once  tasted  it,  anxious  and 
longing  for  pure  air,  and  specially  for  the  air,  ozonised  and  fresh,  that  sweeps  over 
the  sea  and  is  tasted  on  the  sea-shore.  The  good  that  is  done  by  sea  breezes  to 
people  who  live  in  large  towns  is  conferred  on  those  chiefly  who,  within  the 
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precincts  of  town  or  country,  are  stived  up  in  close  houses  redolent  mth  the 
reduced  and  impoverished  aii'  that  springs  from  dust,  decomposition,  smoke  of 
tobacco,  or  other  similar  disturbing  agency.  The  occupants  of  all  classes  of  houses 
in  cities  feel,  I  believe,  the  oppression  somewhat;  but  those  who  protect  themselves 
from  the  deteriorated  air  to  the  fullest  possible  extent,  who  are  able  to  live  and 
breathe  in  light  and  spacious  apartments,  and  who  keep  their  apartments  clean, 
feel  little  need,  by  comparison  with  others  less  favoured  or  less  careful,  for  sea- 
side or  country  residence.  They  sufFer  chietiy  from  the  smoke  and  other  much 
more  Avidely-diffused  agencies  which  fill  the  out-door  spaces  of  the  city,  and  which, 
though  provocative  of  some  derangements  of  body,  are  not  always  at  work,  and  when 
at  work  are  much  less  severe  than  the  spoiled  and  impure  atmosphere  within 
the  dwelling. 

It  deserves  also  to  be  mentioned  in  this  place  that  in  the  house  in  which  the 
air  has  been  subjected  to  influences  leading  to  its  devilalisation,  the  efi-ect  for 
evil  is  much  increased  when  the  epidemic-producing  poisons  are  introduced.  It 
is  not  necessary,  neither  is  it  correct,  to  suppose  that  in  a  house  where  the  air  is 
deteriorated  the  specific  poisons  of  the  specific  diseases  will  of  themselves  originate 
because  the  house  is  in  the  bad  state  here  indicated.  But  certain  it  is  that  houses 
which  are  charged  with  impure  atmospheres  are  the  places  in  which  the  septic  diseases 
are  most  likely  to  be  intensified,  and  in  which  they  are  most  likely  to  spread.  The 
physician  who  enters  an  unwholesome  house  into  which  one  of  the  spreading 
diseases  has  found  an  entrance  is  quickly  made  alive  to  the  extra  dangers  that  exist 
in  such  a  dwelling,  is  particularly  guarded  in  the  matters  of  opinion  he  is  asked 
to  give,  and  is  doubly  cautious  in  respect  to  the  due  carrying  out  of  measures  that 
are  of  a  preventive  nature. 

It  is  most  probable  that  in  past  times,  when  all  our  great  centres  of  life  were 
dens  of  impurity,  and  when  the  air  in  all  parts  was  reduced  in  vital  value,  the 
whole  community  was  subjected  to  the  bad  influence,  and  sometimes  suSered  from 
it.  Sydenham,  and  other  classical  medical  writers  and  tine  observers,  according  to 
the  lights  that  were  at  their  command,  have  been  wont  to  use  the  term  "  epidemic 
condition  of  the  air  "  to  explain  the  general  spread  of  great  epidemic  outbreaks  or 
pestilences.  By  this  they  suggested  that  pestilence  depended  on  some  unkno\vn 
and  undefined  state  of  the  air.  I  suspect  they  were  right  and  wi-ong  :  right  in 
supposing  that  a  condition  of  a  peculiar  kind  afi'ecting  the  air  was  present  when 
the  epidemic  was  present,  and  necessary  as  sustaining  the  epidemic  itself ;  wrong 
in  assuming  the  condition  as  the  originating  cause  of  the  disaster.  In  our  day 
we  should  more  correctly  reason  that  the  bad  state  of  the  air  might  exist  for 
years  without  an  outbreak  of  epidemic  disease,  but  that  the  poisonous  particle  of 
a  disease  of  that  kind  being  introduced,  the  outbreak  was  favoured  and  made 
irresistible. 

It  is  possible,  moreover,  I  had  almost  said  probable,  that  the  great  atmospheric  sea 
itself  may,  over  large  tracts  of  it,  become  so  clianged,  that,  without  any  necessary 
errors  on  our  part,  it  may  be  rendered  incapable  of  sustaining  the  vital  capacities  of 
men  and  animals  to  the  full  or  natural  degree,  and  that  thereupon  there  may  be,  as  the 
old  men  wisely  said,  an  epidemical  atmosphere,  in  which,  in  the  absence  of  contagion, 
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there  may  be  experienced  much  lassitude  and  general  ill-health,  without  more  acute 
symptoms,  and  in  which,  in  the  presence  of  poisonous  particles,  organic  spreading 
diseases  may  assume  a  general  instead  of  a  local  course,  and  a  severe  instead  of  a 
modified  type.  The  peculiar,  I  may  almost  say  the  specific  effects  of  an  east  mnd, 
a  wind  which  eats,  as  it  were,  into  the  body,  and  lowers  the  whole  vital  energies,  is 
a  fitting  illustration  of  what  I  mean,  though  it  is  not  absolutely  a  correct  illustration 
according  to  our  present  knowledge.  In  such  an  aii-  we  know,  practically,  how  some 
diseases,  like  asthma  and  bronchitis,  are  favoured  in  their  development  and  course, 
despite  all  artificial  modes  of  warming  and  other  counteractives.  But  here  our 
knowledge  ceases ;  how  the  au-  influences  the  body  guarded  from  its  direct  eflfect, 
and  seemingly  safe  from  it,  we  cannot  in  any  way  explain. 

ACCIDENTS  FROM  IXORGANIC  POISONS. 

The  air  of  a  room  may  be  deteriorated  by  another  means ;  namely,  by  so  lightmg 
or  heating  the  room  that  minute  products  of  the  decomposition  of  the  matei'ial  that  is 
burning  or  has  been  bui-nt  are  diff'used  through  the  aii'.  In  the  process  of  lighting  a 
room  by  gas,  the  effects  to  which  I  now  make  reference  are  most  prominent  and  com- 
mon, and  may  therefore  be  cited  as  typical.  When  gas  is  burned  there  is  given  off 
from  it,  in  addition  to  sulphurous  acid  and  carbonic  acid,  minute  portions  of  carbonic 
oxide,  an  extremely  deadly  gas.  The  carbonic  acid  gas  that  is  given  off  is  hurtful 
when  it  is  present  in  the  proportion  of  one  per  cent.,  and  is  dangerous  beyond  that 
amount.  The  carbonic  oxide  is  fatal  when  in  the  proportion  of  one  pai-t  per  thousand, 
is  productive  of  very  dangerous  results  when  in  the  proportion  of  one  in  five  thousand, 
and  is  productive,  as  I  found  by  experiment,  of  distinct  effects  when  in  the  proportion 
of  one  part  in  fifteen  thousand,  even  if  it  be  breathed,  with  interruptions,  for  a  period 
of  ten  to  fifteen  minutes. 

It  is  also  worthy  of  note  that  wlien  the  carbonic  oxide  gas  is  absorbed 
into  the  blood,  by  respiration,  its  effects  do  not  pass  away  at  once  on  with- 
drawing from  the  gas.  Some  gases  and  vapours,  which  are  very  deleterious 
when  inhaled,  such  as  carbonic  acid,  for  example,  are  quickly  set  free  from  the 
blood  when  the  person  who  breathes  them  is  removed  from  their  influence.  To 
make  a  plain  but  comprehensive  explanation,  they  do  not  adhere  to  the  blood  on 
their  way  to  the  tissues  and  the  great  organs  of  the  body.  Their  effect  is,  therefore, 
transitory.  They  affect  while  they  are  being  taken  in  ;  they  soon  cease  to  affect  when 
they  cease  to  be  taken  in.  Other  agents,  being  very  readily  soluble  in  water,  are 
absorbed  by  the  water  of  the  blood,  and  linger  for  a  time  in  the  body,  and  keep  up 
some  short  temporary  disturbance  after  they  cease  to  be  supplied  to  the  body;  but  their 
action  is  also  temporary,  for  being  soluble  and  being  volatile,  they  are  steadily  carried 
oxxt  of  the  body  in  the  fluid  excretions  and  by  the  breath.  Carbonic  oxide  plays  a 
much  more  lasting  part  when  it  enters  the  economy  It  combines,  as  oxygen  does,  with 
the  red  blood  corpuscles,  and  it  forms  with  them  a  new  compound,  which  changes  the 
course  of  nutrition  so  definitely  that  the  organs  of  the  body  make  new  products. 
Thus  I  discovered,  many  vears  since,  that  if  carbonic  oxide  be  for  a  short  tmie 
inhaled,  even  in  minute  (Quantities,  the  disease  known  as  diabetes  is  temporarily  set 
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up  •  that  is  to  say,  such  a  change  is  produced  in  the  economy  that  glucose  (g  ape 
Z.r)  is  made  in  the  body  in  so  large  a  quantity  that  it  escapes  from  the  kxdney 
b^the  fluid  excretion  of  that  organ,  carryiaag  with  it  an  undue  or  unnatural  flow 

'Cbad  effects  of  inhaling  an  air  charged  with  the  products  of  com^^f  ^^'^^ 
common  coal-gas  are  mainly  due  to  carbonic  oxide.  The  prolonged  headache  the 
flushed  face,  the  quick  pulse,  the  loaded  tongue,  the  copious  secretion  of  urme,  and 
the  succeeding  languor,  lasting  for  some  days  after  such  inhalation,  are  traceable 

directly  to  this  potent  cause. 

The  efi-ects  of  carbonic  oxide  are  sometimes  show,  after  it  has  been  delivered 
into  houses  or  public  places,  from  the  coke-furnace  or  stove.    In  the  year  1856 
the  late  distinguished  Dr.  John  Davy,  brother  of  the  still  more  distinguished 
Sir  Humphry,  recorded  in  the  pages  of  my  "Journal  of  Public  Health  an 
accident  of  this  kind,  which  was  attended  with  most  serious  consequences. 
On  the  6th  of  January,  1856,  there  assembled  in  the  new  church  at  Ambleside  a  large 
congregation.    The  church  was  of  such  a  size  as  to  have  sittings,  without  galleries 
above,  for  over  900  persons;  it  was  lofty,  open  to  the  very  rafters,  and  had  a  cubic 
capacity  equal  to  about  150,000  cubic  feet.    The  warming  apparatus  consisted  of  a 
stove  placed  in  a  crypt  under  .the  chancel  at  the  east  end,  and  of  a  single  flue, 
commmiicating  with  the  open  air,  and  running  through  the  basement  floor  of  tho 
buUding  under  the  middle  aisle,  in  which  were  three  grated  openings  for  allowing 
the  aii-,°heated  by  a  cockle,  to  pass,  tAvo  of  which,  the  western  ones,  were  open,  the 
third,  the  eastern,  closed.    In  consequence  of  the  apparatus  affording  an  inadequate 
supply  of  heated  air^  precautions  were  taken  to  confine  the  heated  and  exclude 
the  cold  air;  the  windows  were  all  closed,  as  were  also  the  doors,  after  the  com- 
mencement of  the  service,  only  one  having  been  opened  previously,  and  that  to 
leeward. 

At  the  time,  the  atmosphere  was  in  a  state  not  favourable  to  the  diffusion  and 
dispersion  of  smoke  or  vapour,  but  rather  to  its  stagnation  and  accumulation ;  the 
sky  was  overcast  Avith  dark,  low  clouds;  the  little  wind  that  there  was  was 
Boutherly,  and  so  mild  was  the  day  that  bats  and  insects  were  abroad,  and  were  seen 
on  the  wing  between  one  and  two  o'clock  in  the  afternoon. 

At  the  commencement  of  the  service  there  was  an  unpleasant  smell  perceiA-ed, 
like  tJiat  from  coal-tar,  or  of  smoke  from  an  ill-buniing  fire,  and  when  the  sun 
shone,  which  it  did  at  short  intervals,  its  light  was  peculiar,  from  the  hazy  quality 
of  the  vaporous  air ;  but  no  apprehension  was  felt  of  anything  injurious,  nor  was 
any  alann  excited  till  towards  the  end  of  the  communion  service,  when,  one  after 
another,  children  and  young  people  began  to  go  out  from  feeling  unwell,  the 
numbers  rapidly  increasing,  till,  shortly  after  the  commencement  of  the  sermon,  the 
alarm  became  so  general,  almost  amounting  to  a  panic,  that  the  minister  thought  it 
necessary  to  abruptly  bring  his  discourse  to  a  termination,  when,  though  there  was 
no  rush  to  the  open  air,  there  was  no  delay  on  the  part  of  any  one  present  from 
seekuig  it.  Of  the  scene  outside,  from  the  many  suflerora,  some  prostrate,  some  in 
danger  of  life,  and  variously  affected  by  tho  noxious  air  they  had  breathed,  it  would 
be  difiicult  to  give  an  idea.    Hardly  a  person,  out  of  a  congrogntion  of  probablj- 
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400  at  least,  did  not  feel  more  or  less  unwell,  or  was  not  alarmed  on  account  of 
a  child  oq^near  relation  seriously  affected. 

The  most  robust  of  mature  age,  of  both  sexes,  experienced  least  bad  effect : 
little  more  than  headache  of  some  hours'  duration.  Those  who  experienced  the 
worst  effects  were  children  and  young  delicate  women.  Vomiting  was  a  common 
symptom  in  the  former,  and  was  attended  with  gi-eat  prostration  of  strength  and 
feebleness  of  the  heart's  action,  and  a  tendency  to  fainting.  Those  who  threw  up 
the  contents  of  their  stomachs  were  ' the  soonest  to  recover.  Tremor  of  the  hands 
and  feet,  with  diminished  sensation,  threatening  paralysis,  occurred  in  many 
instances  of  the  latter.  Oppressed  breathing,  with  uneasiness  or  pain  of  chest, 
was  pretty  commonly  experienced.  Next  to  the  very  young  and  delicate,  those 
advanced  in  years  and  the  i^lethoric  seemed  to  be  most  affected. 

Apart  from  age  and  constitution,  position,  that  is,  in  relation  to  the  openings 
of  the  flue,  was  not  a  matter  of  indifference  in  regard  to  the  severity  of  the 
symptom.  Those  suffered  most  who  were  nearest  the  openings,  especially  at  the 
west  end,  where  the  majority  of  the  children,  belonging  to  the  Sunday-school, 
were  seated,  not  in  pews,  but  on  open  forms,  so  that  nothing  screened  them  from 
the  flow  of  the  vaj)0ur  in  their  dix-ection.  That  there  was  an  accumulation  of  the 
noxious  agent  in  this  portion  of  the  church  was  indicated  in  a  visible  manner  when- 
the  doors  towai-ds  the  wesi  end  were  thrown  open,  by  the  stream  of  thick  misty 
air  which  then  rushed  out. 

Of  those  affected,  the  greater  number  were  pretty  well  before  the  following  day. 
In  a  very  few  instances  the  indisposition  produced  continued,  but  gradually 
diminishing,  for  several  days.  In  one  of  the  most  severe  cases,  a  young  lady  of 
about  seventeen,  the  recovery  was  not  complete  for  nearly  a  week,  and  hardly  then. 
She  fainted  in  the  attempt  to  walk  home,  was  afterwards  hysterically  convulsed, 
had  a  feeling  of  extreme  feebleness  and  languor,  with  oppression  and  pain  of  chest, 
and  loss  of  appetite.  In  a  large  number  of  other  instances  something  similar 
occurred.  The  maximum  of  noxious  effects  was  experienced  after  leaving  the 
church  and  going  into  the  open  air. 

Of  the  organs  affected,  the  lungs,  the  heart,  and  the  nervous  system  appeared  to 
bear  the  brunt  of  the  effect.  In  no  case  were  the  bowels  deranged,  and  the 
stomach  and  voluntary  muscles  probably  only  sympathetically.  The  one  instance 
in  which  attention  was  given  to  the  premonitory  symptoms  and  to  the  progress 
of  the  morbid  action  was  that  of  a  delicate  boy,  aged  about  twelve.  His  mother, 
who  sat  by  him,  noticed  his  incessant  ya>vning,  and  this  for  a  considerable  time 
before  he  was  taken  ill ;  he  became  so  ill  and  suddenly  enfeebled  that  he  required 
to  be  carried  out. 

After  describing  that  the  effects  in  this  case  were  clearly  due  to  diffusion  of 
carbonic  acid  and  carbonic  oxide  in  the  air.  Dr.  Davy  states  that  he  was  minute  in 
description,  in  consideration  of  the  importance  of  the  subject— that  of  warming 
public  buildings,  and  the  too  little  attention  commonly  paid  by  architects  to  a  matter 
involving  risk  of  life.  He  tells  us  that  "in  the  contract  for  building  the 
Ambleside  church  the  mode  of  warming  it  was  not  even  noticed  in  the  specifica- 
tion, and  though  the  flues  were  made  under  the  superintendence  of  the  clerk  of  the 
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works  it  was  witliout  the  knowledge  of  his  principal.  Further,  in  illustration  of  the 
want  of  due  attention  to  this  important  object,  owing  to  the  chimney  of  the  stove 
and  of  the  vestry  fireplace  terminating  above  the  belfry  and  in  the  open  vault  of  tlie 
spire  the  ringers  on  more  than  one  occasion  had  been  sufferers  from  the  noxious 
aases'  descending  on  them,  which  could  hardly  fail  of  happening  in  a  calm  state 
of  the  atmosphere. 

The  want  of  precaution  as  regards  obtaining  artificial  warmth  by  fires  is  ot  very 
wide  application,  owing,  undoubtedly,  to  ignorance  as  much  as  to  carelessness. 
Patent  fuel  is  advertised,  fit,  as  vaunted,  for  use  in  stoves  in  passages  and  rooms 
without  chimneys,  as  if  the  carbonic  acid  and  carbonic  oxide  gases  produced  were 
respirable  and  innocent;  and  it  is,  no  doubt,  bought  and  employed  with  that  belief. 
How  often  do  we  hear  of  Hves  sacrificed  from  burning  charcoal  in  huts  and  tents  ? 
It  was  one  of  the  many  causes  in  operation  in  the"  destruction  of  life  amongst  our 
troops  before  Sebastopol,  which  ordinary  care  and  science  should  have  excluded." 

In  conclusion.  Dr.  Davy  adds,  that  if  such  morbid  effects  as  have  been  described, 
endangering  life,  can  take  place  in  a  church  so  capacious  as  that  of  Ambleside,  and 
holding  at  the  time  less  than  one-half  its  fuU  complement  of  people,  how  much 
"reater  must  be  the  risk  when  a  like  mode  of  heatmg  is  employed  in  smaller,  more 
confined,  and  crowded  buildings,  whether  public  or  private  1 

There  is  another  source  of  danger  in  relation  to  the  presence  of  carbonic  oxide  gas 
in  the  dweUing-house,  and  that  is  from  the  insidious  escape  from  pipes  or  taps  of  coal- 
gas  itself  in  houses  that  are  lighted  by  it.  When  coal  gas  escapes  in  free  quantities,  the 
peculiar  odour  it  emits  very  fortunately  discloses  the  danger,  and  leads  those  who  are 
exposed  to  it  to  take  prompt  measures  to  prevent  the  escape  and  to  change  the  air. 
All  this  is  as  it  should  be  :  the  odour  of  the  gas  is  a  safeguard.  There  remains, 
however,  more  to  be  told.  Coal-gas  contains  from  seven  to  eight  per  cent,  by 
volume  of  the  inodorous  carbonic  oxide.  Whenever,  therefore,  coal-gas  escapes  into 
a  room,  even  though  it  be  in  such  small  quantities  as  not  to  be  directly  detectable 
by  its  odour,  it  becomes  a  source  of  danger. 

This  fact  was  well  illustrated  lately  in  my  own  house,  and  in  the  library  in  which 
I  am  at  the  present  moment  writing.  The  library  is  of  good  size.  It  has  a  cubic 
capacity  of  6,000  feet,  and  it  is  fairly  ventilated,  although  improvements  are  yet 
wanted  in  that  direction.  Some  weeks  ago  I  began  to  suffer  from  peculiar  symptoms. 
I  felt  at  times  drowsy  during  the  day  without  any  apparent  reason,  and  soon  upon 
that  I  had  a  sense  of  nausea  and  giddiness,  followed  by  a  sense  of  coldness  of  the 
body,  feebleness,  and  inaptitude  for  work.  At  first  I  imagined  that  these  symptoms 
were  due  to  derangement  of  the  stomach  or  indigestion  ;  but  this  did  not  fully 
account  for  them,  and  in  a  day  or  two  I  noticed  that  they  invariably  came  on  in  the 
library,  after  I  had  been  sitting  in  it  for  an  hour  or  so,  and  that  they  were  soon 
relieved  when  I  went  out  of  the  room.  At  last  the  addition  of  another  symptom  led 
me  to  feel  sure  that  the  air  of  the  library  was  the  source  of  the  mischief,  and  that  I 
was  suffering  from  the  effects  of  inhalmg  carbonic  oxide.  I  compared  the  symptoms 
I  was  now  undergoing  with  those  I  experienced  when  inhaling  carbonic  oxide  in 
experiment,  and  I  had  no  doubt  as  to  the  identity.  There  was  but  one  source  for 
carbonic  oxide  in  the  place,  and  that  was  the  coal-gas. 
4 
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In  the  room  at  large  there  was  no  odour  of  the  gas.  We  sought  for  escape 
of  gas  from  the  burners  of  the  chandelier  and  from  the  pipes  leading  to  it,  but 
without  result.  At  last,  on  opening  a  small  cupboard  at  the  lower  part  of 
the  room,  in  the  corner  to  the  right  of  the  fireplace,  a  faint  odour  of  gas  was 
perceptible,  for  the  moment,  after  the  door  of  the  cupboard  was  opened.  This 
recess  was  below  the  book-shelves,  and  there  was  no  supply  of  gas  anywhere 
near  to  the  spot.  A  further  search  was  therefore  cai'ried  out  in  the  basement 
below  the  libraiy,  and  ultimately  it  was  discovered  that  a  small  portion  of 
gas-pipe  passed  over  a  partition  wall,  between  the  upper  part  of  the  wall  and 
the  ceiling.  On  cutting  down  to  that  concealed  pipe — the  existence  of  which  had 
not  been  suspected — it  was  found  to  leak,  and  a  minute  jet  of  gas  was  detected 
issuing  from  it  into  the  space  above  it  and  into  my  room.  Entering  into  the 
room  at  the  base  of  a  large  set  of  book-shelves,  it  diffused  behind  the  books  and 
gradually  into  the  aii-,  not  in  sufficient  quantity  to  be  detectable  by  the  senses,  but 
in  quite  sufficient  quantity  to  be  detectable  by  one  who  happened,  from  the  result 
of  exceptional  work,  to  have  experimented  -with  it,  and  to  have  leai-ned,  by  this 
])urely  exceptional  experience,  the  action  of  one  of  its  constituents  on  life  and 
liealth.  Had  I  been  a  man  of  letters  or  business  merely,  I  am  sure  that, 
failing  to  understand  the  cause  of  the  very  unpleasant  symptoms  which  I  felt, 
I  should  have  consulted  a  physician,  and  in  all  probability  should  have  sug- 
•resfced  a  case  the  nature  and  cause  of  which  would  have  remained  in  extremest 
obscurity. 

I  dwell  on  this  question  of  carbonic  oxide  and  its  action  on  the  body  at  great 
length,  for  the  simple  reason  of  its  immense  practical  importance.  We  cannot  be 
too  much  alive  to  the  existence  of  an  agent  so  easily  generated,  so  readily  diffused, 
so  subtle  in  its  action,  so  injurious  in  its  effects. 

IRRITATIONS  FROM  METALLIC  POISONS  AND  DUSTS. 

Irritations,  leading  to  much  irregularity  of  health,  may  be  induced  in  the 
household  by  the  diffusion  through  the  air  of  it  of  minute  particles  of  dust,  and 
of  certain  dusts  which  are  derived  from  metallic  coverings  on  surfaces  of  walls, 
or  of  walls  and  ceilings.  Whenever  a  room  is  dusty,  it  is  unhealthy.  When  a 
room  is  packed  with  furniture  that  is  capable  of  holding  and  retaining  ordinary 
dust  it  is  unhealthy.  Every  time  such  dust-holding  furniture  is  trodden  upon 
or  pressed  by  being  sat  upon,  a  small  cloud  of  dust  is  given  off  The 
dust  may  not  be  visible;  it  may  require  actually  a  beam  of  the  sun  to  be 
able  to  render  it,  or,  more  properly  speaking,  the  light,  visible.  But  the  dust  ne^-^r- 
theless  is  there,  and  if  we  could  irradiate  oiir  rooms  with  a  strong  beam  of  suuhght, 
I  suspect  that  most  of  us  would  be  startled  to  see  what  an  atmosphere  of  dust  we 
take  into  the  lungs  each  time  we  breathe  the  air  of  what  many  would  call  a  model 

house.  „        .  , 

It  is  fortunate  for  us  that  we  are  provided  with  an  apparatus  of  a  mmute 
ciliary  kind,  which  is  ever  at  work  in  the  bronchial  tract,  sweepmg  it  out  as  it 
wore  towards  the  mouth  by  myriads  of  infinitely  minute  brushes,  and  preventing 
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the  particles  of  dust  from  entermg  the  ultimate  or  vesicular  par  s  of  the  lungs.  It 
feqrX  fortunate  for  us  that  the  greater  portion  of  the  morgan,  dusts  are 
insoluble,  so  that,  although  they  fall  on  the  mucous  surface  of  the  lung,  they  are  not 
rld'hy  that'surface  and  carried  away  into 

escape  the  bad  consequences  arising  from  dusts  in  the  air  we  breathe  they  traveise 
He  tlin  length  of  the  respii-atory  tract ;  they  are  wafted  back  into  the  throa  ;  and 
Tey  rthext  swallowed  aJid  disposed  of  in  the  stomach  or  other  part  of  the  alimen. 

Ther^lre  however,  some  dusts  which,  being  metallic  in  character,  soluble, 
and  poisonous  withal,  are  not  so  innoxious  as  the  common  inorganic  dusts  It 
has  become  a  custom  since  the  introduction  of  the  fashion  of  covering  the  walls  of 
rooms  with  various  coloured  and  beautiful  papers  to  use  arsenical  substances  for  the 
pui-poses  of  colouring.  Green  papers  have  thus  become  specially  objectionable,  and 
the  -reen  flock  has  in  some  cases  been  a  veritable  source  of  danger.  It  has  also 
been  shown  by  Dr.  Leonard  Sedgwick  that  papers  coloured  blue,  and  which  hereto^ 
fore  have  not  been  considered  as  charged  with  arsenical  substances,  may  still  contain 
arsenic,  and  become  poisonous  to  the  air. 

The  bad  effects  arising  from  the  presence  of  dusts  in  the  air  of  the  dwelling, 
house  are  largely  confined  to  those  which  spring  fi-om  arsenical  dusts.  In  factories, 
mines,  potteries,  corn-stores,  flour-mUls,  and  metal-grinding  workshops,  m 
rooms' where  rags  are  sorted,  and  in  rooms  where  pearl-grinding  is  carried  on,  the 
mechanical  injuries  from  the  inhalation  of  irritating  dusts  are  serious.  But 
in  the  house  the  most  appreciable  evils  are  from  arsenical  dusts.  I  do  not  mean  to 
say  that  the  inhalation  of  ordinary  dust  is  harmless.  Far  from  that.  The  dense 
dark  colour  of  the  mucus  expectorated  from  the  throats  of  those  Avho  breathe  a 
dusty  or  smoky  atmosphere  itself  attests  that  such  an  atmosphere  must  be 
obstructive  to  natural  respiration,  and,  as  a  matter  of  course,  injurious.  It  is  also 
fair  to  suppose  that  the  feebleness  and  unliealthiness  of  persons  who  live  in  atmo- 
spheres of  dust  are,  in  part,  due  to  such  exposure.  But,  on  the  whole,  the  evils 
that  are  distinctly  traceable  are,  mainly,  those  which  spring  from  the  arsenical 
particles  which  float  in  the  aii-  of  rooms  covered  with  arsenical  colours.  The 
symptoms  are  those  of  irritation  of  the  conjunctival  membrane  of  the  eyes,  of 
the  mucous  membrane  of  the  nose,  throat,  and  bronchial  passages,  and  in  very 
bad  cases,  of  the  mucous  membrane  of  the  stomach,  bowels,  and  bladder, 
The  skin  is  occasionally  affected.  ' 

PRINCIPIiKS  OF  DOMESTIC  SANITATION. 

Tlie  intention  and  object  of  domestic  sanitation  is  so  to  construct  homes  for 
human  beings,  or  if  the  homes  be  constructed,  so  to  improve  them,  that  the  various 
diseases  and  ailments  incident  to  bad  construction  may  be  removed  to  the  fullest 
possible  extent.  The  diseases  need  not  be  looked  upon  as  necessities  of  existence, 
but  may  be  recognised  as  results  of  ignorance,  or  as  accidents  which,  thougli  they 
may  not  spring  from  sheer  and  wanton  ignorance,  are  removable  by  accurate, 
foreseeing,  and  all-providing  knowledge. 
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(1)  The  first  principle  iu  the  construction  of  the  healthy  house  is  to  put  into 
it,  for  building  purposes,  and  for  furnishing  purposes,  as  little  as  possible  of  all 
substances  that  hold  and  retain  those  specific  particles  of  disease,  which  being 
set  free,  spread  by  diffusion,  and  excite  their  specific  diseases.  Thus,  in  all  con- 
structions porous  materials  are  bad;  absorbing  materials  are  bad;  materials  such  as 
thatch  and  straw  for  roofings  are  bad.  In  furnishing,  woollen  and  fluffy  materials  are 
bad ;  heavy  curtains  to  beds  and  windows  are  bad;  carpets  which  cover  the  whole  of  a 
room  are  bad.  In  a  word,  all  materials  that  catch  dust,  keep  dusty,  hide  dust, 
and  on  being  shaken  yield  clouds  of  dust,  are  bad. 

(2)  The  second  principle,  and  it  is  a  basic  principle  in  domestic  sanitation,  is  to 
take  care  that  everything  that  is  generated  in  the  house  and  that  is  of  an  excre- 
tive, offensive,  and  injurious  form,  shall  be  prevented  accumulating  in  the  dwelling. 
Whether  it  be  dust  or  refuse,  or  remnants  of  food,  or  sewage,  it  is  necessary  that  it 
be  removed  as  it  is  produced.  The  foundation  of  this  principle  is  laid  in  the 
di-ainage  of  the  house.  Unless  a  house  be  so  drained  that  it  is  absolutely  cut  oft 
from  the  sewer  into  which  its  contents  are  discharged,  it  is  not  a  healthy  home 
Unless  a  house  be  so  drained  that  the  emptying  of  its  sewage  is  an  immediate  process, 
so  immediate  that  as  the  sewage  is  poured  forth  it  finds  its  way  from  the  house 
direct  into  the  sewer,  the  house  is  not  a  healthy  home.  It  will  be  sho\m  in  the 
future  pages  of  this  work  that  this  perfect  regular  cleansing  of  the  house  is  just  as 
easily  attainable  as  is  the  fatal  plan  of  making  the  house  its  own  sewer. 

To  carry  out  perfect  drainage  it  is  essential  that  all  pipes  leading  into  or  from 
a  house  should  be  within  ready  reach,  and  should  always  be  open  to  inspection  at 
various  places  in  their  course.  The  mam  soil-pipe  should  at  all  times,  where  it  is 
possible,  be  on  the  outside  of  a  house;  it  should  be  open  at  the  upper  part,  and,  under 
proper  arrangement,  it  should  also  be  open  at  the  lower  part;  but  if  it  be  impossible 
to  have  a  pipe  outside  the  house  and  readily  accessible  there,  if  the  pipe  must  be 
inside  the  building,  so  much  the  more  important  is  it  that  it  should  be  throughout 
its  course  in  sight,  and  so  accessible  that  at  any  moment  it  can  be  reached. 
To  enclose  a  soil-pipe  in  a  wall  in  such  a  manner  that  it  can  only  be  examiiaed 
after  days  of  work  and  a  vast  amount  of  costly  destructive  mischief,  is  the 
worst  plan  that  can  be  adopted.  Clear  throughout  its  entire  course,  the  pipe  should 
also  be  open  to  the  air  at  the  top,  and  in  the  lower  part  or  basement  of  the  house 
should  be  made  to  enter  a  space  which  in  its  turn  is  open  to  the  air,  so  that  the 
collection  and  retention  of  gases  is  impossible  anywhere,  and  so  that  any  pressure 
of  gas  is  equally  impossible. 

Care  must  eventually  be  taken  in  respect  to  the  drainage  of  the  house,  that  the 
contents  discharged  from  the  sewer  be  carried  away  by  the  escape-pipe  from  the 
house  in  the  most  perfect  and  rapid  manner.  All  interceptmg  catch-pits,  all  and 
everything  that  can  by  the  merest  accident  hold  and  retain  the  sewage,  must  be  com- 
pletely rejected.  Equal  care  must  be  taken  that  the  soil-pipe  rumiing  from  the  house 
into  the  sewer  shall  not  itself  become  like  a  sewer,  from  being  too  large  to  be  com- 
pletely flushed.  As  a  rule,  a  pipe  four  inches  in  diameter  is  of  sufiicient  size  to 
convey  away  all  the  contents  of  an  ordinary  house ;  of  a  liouse,  for  example,  that  caia 
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comfortably  accommodate  ten  persons.  For  a  house  used  as  a_  dWhng-house  only 
a  siK-inch  pipe  is  sufficient  for  a  family  of  any  size,  tlie  rule  bemg,  cceterrs  par^bus, 
that  the  smaller  the  tube  the  more  complete  and  certain  is  the  flushing  and  cleansing 
The  pipe  properly  selected  in  respect  to  its  size  should  be  laid  in  such  a  manner  that  it 
is  open  at  both  ends.  It  should  start  from  the  open  space  into  Avhich  the  descending 
pipe  from  the  house  pours  its  contents,  and  outside  the  house,  before  it  enters  the 
sewer  it  should  have  an  ascending  branch  communication  with  the  open  air. 
When  these  precautions  are  used,  there  can  be  no  accumulation  of  sewer-gas  and 
no  pressure  of  gas  between  the  descending  pipe  and  the  sewer. 

Lastly,  the  utmost  care  should  be  taken  to  make  the  pij^es  that  convey  the 
sewage  from  the  house  perfect  in  and  throughout  their  course,  so  that  there  shall  be 
no  leakage  by  the  way.  The  sewer-pipe  should  be  as  perfect  in  this  respect 
as  the  co°al-gas  pipe.  Up  to  the  present  time  that  result  has  not  been  achieved, 
though  we  are  now  making  close  approaches  towards  it.  I  leave  it  with  the  essayist 
who^shall  specially  treat  of  this  part  of  our  work  to  decide  what  material  is 
be.st  for  the  soil-pipe,— earthenware,  iron,  glass.  My  impression  is,  that  ii'on, 
or  glass  of  sufficient  strength  and  well  jointed,  would  be  by  far  the  best  material. 
It  would  be  impermeable  and  lasting,  and  glass  would  show  the  facts  of  obstruction 
and  accumulation  wherever  they  might  occur. 

The  tube  running  from  the  descending  pipe  into  the  sewer  ought  always, 
when  it  is  practicable,  to  be  carried  outside  the  dwelling,  and  in  entering  into 
the  sewer  from  the  house  it  ought  to  be  securely  trapped  between  the  opening 
immediately  outside  the  house  and  the  sewer.  The  best  traps  for  this  purpose 
will  be  described  in  a  subsequent  chapter. 

To  Mr.  Eogers  Field,  C.E.,  and  others,  we  are  much  indebted  for  improvement 
in  systems  of  house  drainage ;  and  I  have  seen  a  house  after  it  had  been  drained  by 
Mr.  Field  as  entirely  cut  off  from  the  sewer  and  from  sewer  emanations  as  if  it  had 
been  set  on  a  mountain-side  and  had  been  drained  into  the  open  air  at  a  distance 
from  it.  So  ought  every  house  to  be  drained.  It  is  criminal  to  let  disease  enter 
any  house  by  that  hitherto  grand  staircase  for  disease — ^the  passage  from  the 
cesspool  or  common  sewer. 

(3)  A  third  principle  in  the  construction  and  arrangement  of  the  healthy 
liouse  is  to  have  it  so  built  that  it  shall  not  hold  damp  in  any  part.  All  the 
materials  used  in  building  should  be  compact,  dry,  and  impermeable  to  wet. 
The  wood  should  be  sound  and  Avell  seasoned,  the  bricks  or  stones  should  be 
free  of  porosity  and  power  of  absorbing  and  retaining  water ;  the  plaster  on  the 
walls,  and  all  the  substances  with  which  the  walls  are  covered,  should  be  firm 
and  impermeable.  The  idea  that  a  surface  which  shows  damp  and  allows  water  to 
trickle  down  it  is  a  bad  surface  because  it  illustrates  the  fact  of  damp  so  decidedly, 
is  a  false  idea  altogether,  for  if  an  absorbable  surface  were  there,  there  would 
be  none  the  less  damp,  but  a  means  by  which  the  existing  dampness  would  be 
concealed.  Every  external  soui-ce  of  damp  should  also  be  provided  against. 
The  space  round  the  base  of  every  house  should  be  open  for  some  feet  from  the 
walls,  and  the  drainage  of  the  space  be  made  complete.    Every  leakage  from 
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drain  or  pipe  slioulcl  be  effectively  closed,  and  the  flow  of  water  from  tlie  roof 
be  carried  off  in  a  manner  that  shall  prevent  accumulation  on  the  roof  and 
in  the  passages  by  which  the  water  is  conveyed  away.  In  a  word,  the  appearance 
of  damp  anywhere  in  a  house,  whether  it  show  itself  by  direct  evidence  of 
moisture,  by  rust,  by  mould,  is  sufficient  to  indicate  tliat  the  house  is  not  in 
a  condition  compatible  with  the  existence  of  health  within  its  walls. 

(4)  A  fourth  principle  in  house  sanitation  is  to  ensure  the  full  admission 
of  light.  There  ought  not  to  be  a  dark  room  in  any  human  habitation.  It  is 
all  but  impossible  to  let  in  too  much  of  the  sun.  As  a  rule,  a  south-western 
light  is  most  desirable,  inasmuch  as  that  light  feeds  the  dwelling  for  the  greater 
portion  of  the  day;  but  no  such  advantage  as  woidd  come  from  the  possession 
of  that  source  of  light  should  prevent  the  admission  of  it  from  otlier  aspects. 
It  should  be  kept  steadily  in  mind  that  the  light  not  oidy  makes  all  clear  that 
should  be  clear,  but  that  it  pxirifies,  and  that  when  it  cannot  be  directly  admitted 
into  a  room,  it  should  be  admitted  by  being  reflected  from  a  good  reflector.  In 
planning  windows  the  utmost  care  ought  to  be  taken  that  they^are  of  sufficient 
size,  and  that  they  are  not  overshadowed  by  overhanging  architecture,  or  obscured 
by  the  smallness  of  the  panes  and  the  excess  of  the  framework. 

The  plan  of  introducing  coloured  glass  into  windows  as  an  ornamentation 
admits  of  little  objection  if  it  be  not  overdone,  and  if  the  places  and  colours  be 
carefully  selected.  Blue  is  a  good  colour  to  admit  if  it  be  not  dense,  and  green 
much  softened  is  unobjectionable.  Red  is  rather  painful  to  the  eyes  after  a 
time,  and  yellow  interferes  so  much  with  the  chemical  action  of  light  it  ought 
never  to  be  introduced  into  windows  of  a  dwelling-house.  In  the  main,  the 
points  of  practice  in  lighting  are,— purity  of  light,  light  from  all  points  of  the 
compass  when  it  can  be  had,  and  abundance  eveiywhere. 

(•5)  A  fifth  principle  in  the  construction  of  the  healthy  home  is  to  secure 
pure  and  warm  air,  free  distribution  of  it  through  every  room,  perfect  means 
for  allowing  escape  of  air  that  has  been  used,  and  such  sufficient  means  for 
warming  air  that  it  shall  not,  by  creating  irregular  cun-ents,  be  a  cause  of  cold 
draughts.  In  considering  how  these  advantages  are  to  be  secured,  it  is  well  to 
keep  generally  in  mind  the  following  general  rules.  In  every  dwelling-room 
twenty-four  square  inches  of  space  should  be  allowed  for  each  person  as  an 
admission  space  for  air.  The  same  should  be  allowed  for  exit  space.  Air  should 
always  be  steadily  admitted,  whenever  it  is  practicable,  from  tlie  outside  of  the 
liouse,  through  a  conduit,  to  a  chamber  at  the  back  of  the  fire-stove;  and, 
warmed  there  to  60°  to  65°  Fahr.,  it  should  pass  by  a  separate  conduit  towards  the 
upper  part  of  the  room,  to  be  admitted  through  the  wall  into  the  room.  Captain 
Galton's  stove  answers  well  for  this  purpose,  and  in  building  new  liouses  there 
should  always  be  a  special  constructioji  for  admitting  warm  air.  Again,  the 
basement  of  the  house  sliould  l)e  so  arranged  that  the  air  from  it  should  not 
ventilate  into  the  upper  rooms  to  stagnate  there.  Through  every  roof  there 
should  be  an  efficient  opening  into  the  air  to  act  as  a  pure  ventilating-chimney 
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for  carrying  away  the  mixed  atmosphere  from  all  parts.  Bed-rooms  should  be 
snecially  well  ventilated  and  warmed  equally. 

On  the  whole,  the  chimney-draught  forms  the  best  exit  from  the  sittnig  or 
sleeping  room,  and  the  Arnott  exit  valve  into  the  chimney  near  to  the  ceUmg  is 
efficient.  The  air  should  be  admitted  either  by  the  Galton  stove,  or  by  the  window  on 
Dr  P  H  Bird's  method,  or  by  the  Sheringham  valve,  which  opens  from  the  outside 
at  the  upper  part  of  the  room,  or  by  the  Tobin  tube.  For  drawing-rooms  specially, 
Mi-s.  Priestly  has  lately  invented  a  very  simple  and  elegant  method  of  ventilation. 
This  consists  in  making  a  double  window  half  way  up  the  window-space,  the  half 
window  being  composed  of  two  light  folding  glass  doors.  Between  these  doors  and 
the  sash  of  the  window  flowers  are  placed,  and  when  the  lower  sash  of  the  window 
is  raised  a  little  distance,  the  air  passing  up  through  the  flowers  ventilates  over  the 
half  window-doors  into  the  room.  In  constructing  new  houses  provision  ought  to 
be  made  for  bringing  in  the  air-supply  from  the  upper  part  of  the  house,  from  the 
outside  roof  down  through  the  house  into  each  room.  I  have  modified  an  old  house 
so  as  to  bring  this  improvement  into  perfect  action. 

(6)  The  last  grand  desideratum  in  the  house  is  the  supply  of  pure  water. 
Properly,  the  water-supply  ought  to  be  constant,  so  that  storage  of  it  within  the 
dwelling  is  umiecessary.  When  that  is  impossible,  the  cistern  which  receives  the 
Avater  should  be  left  as  open  to  the  air  as  it  can  be,  should  be  made  of  slate  or 
galvanised  iron,  should  be  often  emptied,  and  frequently  cleansed.  The  plan  of 
placing  the  cistern  out  of  the  way,  so  that  it  is  difficult  for  a  man  to  get  into  it  to 
clean,  and  so  that  it  becomes  charged  with  foul  air  from  any  source,  is  most 
objectionable  and  dangerous.  With  the  best  cistern  the  water  ought  to  be  well 
filtered  after  it  is  diwn — a  process  which  is,  I  think,  preferable  to  that  of  having 
the  filter  permanently  within  the  cistern. 


SUMMARY. 

I  have  now  endeavoured  to  give  an  outline  of  general  domestic  sanitation. 
I  have  striven  to  show  what  deadly  foes  may  be  bred  within  the  habitation, 
how  they  may  spread  in  it,  and  how  they  may  bo  retained  within  its  walls.  I 
have  tried  to  indicate  what  are  the  essentials  in  a  house  for  keeping  it  free  of  the 
deadly  enemies  that  may  spring  up  in  it,  and  for  maintaining  its  perfect  salubrity,  i 
I  have  shown  that  the  healthy  house,  be  ita  construction,  and  I  may  add,  be  its 
architecture,  what  it  may,  must  have  for  its  charter  of  health  the  follo-\ving  seven 
points. 

It  must  2^'>^&sent  no  facilities  for  holding  dusts  or  the  2>oisonous  2^(f''>'ticles  of 
disease;  if  it  retain  one  it  is  likely  to  retain  the  other. 

It  must  2wsses8  every  facility  for  the  removal  of  its  iv^iurities  as  fast  as  they  are 
jrroduced. 

It  must  he  free  from  dam]J. 

It  rimst  be  loell  filled  with  daylight,  from  all  2)oints  that  can  be  charged  with  light 
f-om  the  sun,  without  glare. 
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It  must  be  charged  with  perfectly  pure  air  in  steady  changing  current. 

It  must  he  maintained  at  an  even  temperature,  and  m.ust  be  free  of  draughts. 

It  must  be  charged  with  an  efficient  siipply  of  x>ure  and  perfectlyfltered  water. 

A  house  possessing  the  advantages  named  under  these  heads  cannot  be  far  from 
a  perfected  healthy  house.  It  is  a  house  in  which  disease  will  never  be  generated, 
so  long  as  it  is  kept  up  to  its  proper  standard.  It  is  a  house  in  which  disease,  if  it 
be  introduced,  will  remain  for  the  briefest  possible  period.  It  is  a  house  which, 
after  disease  has  left  it,  will  admit  of  instant  and  complete  purification. 

The  details  of  such  a  dwelling  in  all  its  purity  I  leave  for  descriotion  to  the 
learned  writers  who  are  to  follow. 


AECHITECTURE. 

BY  PEECIVAL  GOUDON  SMITH,  F.R.I.B.A.,  AND  KEITH  DOWNES  YOUNG,  A.E.I.B.A. 


CHAPTER  I. 

SITE   AND  ASPECT. 

Coataminated  Sifces-Subsoil-Absorption  of  SoUs-Ground  Air-Disease  often  due  to  Site-Drainase 
—Prevention  of  Exhalations— Aspect— Light  and  Wind. 

The  site  for  a  house  is  one  of  the  most  important  points  that  has  to  be  considered 
by  any  one  about  to  build.  Whether  he  contemplates  an  ordinary  dwelling-house, 
a  town  residence,  a  suburban  vUla,  a  labourer's  cottage,  or  a  country  mansion,  the 
question  of  site  calls  for  the  utmost  consideration. 

Until  within  a  recent  period  there  has  been  far  too  little  attention  paid  to  this 
important  subject.  Indeed,  it  is  only  within  the  last  few  years  that  public  attention 
has  been  generally  directed  to  it.  This  has  been  done  in  the  provinces  by  the 
model  building  regulations,  issued  by  the  Government,  in  1877,  for  the  guidance  of 
Local  Sanitary  authorities  in  framing  bye-laws  as  to  new  buildings  in  their  districts; 
and  in  the  metropolis  by  the  bye-laws  made,  in  1879,  by  the  Metropolitan  Board  of 
Works. 

It  is  well  known  that  where  proper  regulations  do  not  exist,  builders  and  others 
occasionally  dig  out  from  the  site  of  a  new  house  good  materials,  such  as  sand, 
cravel,  brick-earth,  or  other  substances  that  have  a  marketable  value,  and  cause  the 
excavations  so  made  to  be  filled  in  with  any  rubbish  that  is  available — often  not  of 
the  sweetest  kind.  This  is  obviously  liable  to  be  highly  prejudicial  to  the  whole- 
someness  of  the  house  that  is  to  be  built  over  such  materials. 

It  is,  however,  not  artificially-made  sites  alone  that  are  to  be  regarded  with 
suspicion.  Almost  every  natural  soil  needs  some  precaution  before  it  can  be 
regarded  as  really  fit  to  afford  a  thoroughly  wholesome  site  for  a  house.  Many 
persons  are  in  the  habit  of  regarding  a  gravel  soil,  particularly  if  situated  at  a 
considerable  elevation,  as  affording  a  perfectly  wholesome  site.  Such  a  soil  un- 
doubtedly has  some  important  advantages  ;  but  it  ought  not  to  be  overlooked  that 
even  when  the  gravel  is  naturally  very  compact,  there  are  innumerable  pores  or 
small  cavities  between  the  particles  of  sand  and  stones  of  which  it  is  composed,  v 
This  is  proved  by  the  quantity  of  water  that  a  dry  gravel  will  instantly  absorb,  and 
which  has  been  found  to  be  sometimes  equal  to  as  much  as  one-third  of  its  bulk. 
In  the  same  way  some  natural  rocks  are  almost  as  porous  as  gravel ;  for  it  has  been 
ascertained  that  some  of  the  best  building-stones  will  absorb  as  much  as  five  or  six 
per  cent,  of  their  weight  of  water,  and  chalk  will  take  from  thirteen  to  seventeen 
per  cent. 

It  will,  therefore,  be  readily  perceived  that  the  subsoil  of  a  house,  if  dry,  may 
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contain  in  its  pores,  or  air-spaces,  a  vast  amount  of  air ;  or,  if  it  be  not  dry,  a  very 
considerable  quantity  of  water,  or  moisture.  When  it  is  considered,  moreover,  how 
common  it  is  for  drains  to  be  defective  at  the  joints,  and  thus  to  let  sewage  con- 
tinually percolate  into  the  ground,  and  for  the  conditions  of  ashpits,  middens,  manure 
heaps,  (tc,  to  be  such  that  there  is  constant  soakage  going  on  from  them  into  the 
ground  to  an  extent  far  beyond  the  deodorising  power  of  the  earth  which  receives  it 
to  render  harmless,  it  will  be  seen  how  extremely  liable  is  the  subsoil  of  a  house  to 
become  contaminated.  Professor  Von  Pettenkofer  says  :— "  The  ground  round  our 
houses  is  far  more  contaminated  by  the  ashpits,  privies,  cesspools,  &c."  (and  he 
might  have  added  drains)  "  attached  to  them  than  a  churchyard  is  by  the  bodies  in 
it  which  have  six  years  and  even  longer  for  their  decomposition,  and  have  a  far 
larger  area  in  which  to  decompose  than  the  organic  offal  of  the  houses  in  a  thickly 
inhabited  town."* 

It  has  been  said  that  some  soils  are  more  or  less  absorbent  than  others.  Thus 
the  granitic,  metamorphic,  and  trap  rocks,  and  the  hard  millstone  grits  are  very 
dense,  and  consequently,  where  they  are  sound  and  have  not  been  disintegrated  by 
Aveather,  they  do  not  retain  moistui-e.  Some  of  the  limestone  rocks  are  also  very 
dense,  but  the  dolomites  or  magnesian  limestones  frequently  contain  a  good  deal  of 
water.  The  clays,  marls,  and  alluvial  soils  are  retentive  of  damp,  and  are  always 
liable  to  be  cold,  and  conducive  to  fogs.  In  elevated  situations  they  are,  of  course, 
less  objectionable  than  when  lying  low.  Clays,  however,  are  not  without  advan- 
tages, inasmuch  as  their  peculiar  density  i3revents  the  leakage  from  drains  and 
cesspools  from  percolating  far  into  them,  though,  in  consequence  of  their  being 
sometimes  more  or  less  mixed  with  gravel,  or  being  traversed  by  fissures  or  other- 
wise not  of  unifoi-m  texture,  they  are  not  always  to  be  relied  upon  in  this  respect. 
Clay,  however,  from  the  amount  of  alumina  to  be  found  in  it,  possesses  considerable 
powers  of  deodorisation,  which  is  in  itself  a  valuable  property. 

Inasmuch,  then,  as  almost  every  soil  is  more  or  less  porous  and  damp,  it  follows 
that  the  interior  of  any  building  Avill,  unless  special  precautions  be  taken,  be  liable 
to  be  affected  by  the  exhalations  rising  up  from  the  ground  on  which  it  is  built ;  for 
these  exhalations  will  either  rise  up  by  their  own  buoyancy,  or  they  will  be  drawn 
up  out  of  the  ground  by  the  warmth  of  the  interior  of  the  house  or  the  draught  up 
the  chimney  flues.  This  gTOund-air,  under  various  conditions,  may  contain  a  large 
quantity  of  carbonic  acid,  or  it  may  be  fall  of  watery  vapour,  or  be  contaminated 
by  reason  of  its  emanation  from  ground  impregnated  with  sewage  or  other  filtli. 
In  any  case,  it  would  be  extremely  unwholesome  ;  and  when  it  is  remembered  that 
most  people  engaged  in  business  daily  pass  from  fifteen  to  twenty  hours,  and 
perhaps  more,  shut  up  within  houses,  it  is  not  to  be  wondered  at  if  their  health 
suffers  from  continually  breathing  an  atmosphere  polluted  in  any  of  the  ways  just 
described. 

Instances  are  not  wanting  to  show  that  certain  diseases  are  actually  caused  by 
unwholesome  conditions  of  site ;  and  the  occupation  of  houses  in  Avhich  damp  or 
other  pernicious  exlmlations  rise  up  from  the  soil  on  which  they  are  built  will  have 
the  effect  of  increasing  the  severity  of  many  diseases,  and  of  retarding  the  process 
of  recovery  therefrom.    Thus  phthisis,  or  consumption,  as  it  is  popularly  termed, 

*  "  Cholera :  liow  to  Prevent  and  Resist  it,"  by  Dr.  Max  von  Pettenkofer,  translated  by  ThoB. 
■\ybitesido  Himo,  A.E,,  MJ5.,  &c.,  1875. 
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has  been  kno.vu  to  be  greatly  reduced  in  towns  wbere  the  water  of  the  soil  has  been 
L^ifioially  removed,  while  it  was  not  redueed  in  other  towns  where  the  soxl  had 
been  allowed  to  remain  wet.    Dr.  George  Buchanan,  in  his  valuable .  report  on  the 
distribution  of  phthisis  as  affected  by  dampness  of  soil  *  shows  very  conclusively 
that  wetness  of  soil  is  a  cause  of  phthisis  to  the  population  living  upon  it  Similar 
observations  were  also  made  by  Dr.  Bowditch  of  Boston.  United  States,  as  the 
result  of  an  inquiry  into  the  causes  of  consumption  in  Massachusetts,  where  that 
disease  is  said  to  be  even  more  fatal  than  in  England.     The  Registrar-General  for 
Scotland,  in  his  seventh  aimual  report,  referring  to  Dr.  BowcUtch's  inquiries,  says  : 
♦'It  was  found  that  the  towns,  villages,  hamlets,  and  houses  which  were  situated  at 
or  near  uiidrained  localities,  or  were  on  heavy  impermeable  soUs.  or  on  low-lymg 
ground,  and  whose  sites  were  consequently  kept  damp,  had  a  very  much  larger 
number  and  proportion  of  cases  of  consumption  than  towns,  villages,  hamlets,  or 
houses  which  were  situated  on  dry  or  rocky  ground,  or  on  light  porous  soOs,  where 
the  redundant  moisture  easUy  escaped."    It  is  necessary  to  bear  in  mind  that  this 
tendency  to  phthisis  is  mainly  due  to  the  fact  of  the  population  living  upon  damp 
soils— not  out  of  doors  in  the  day-time,  in  active  employment,  but  shut  up  in  their 
houses  during  the  many  hours  of  night,  as  weU  as  in  confined  work-rooms  by  day, 
with  the  moisture  from  the  ground  beneath  stagnating  in  the  interior  of  the 
building. 

An  interesting  instance  illustrative  of  the  extent  to  which  a  particular  disease, 
when  epidemic  in  a  locality,  was  intensified  by  dampness  of  soil,  is  related  by  Dr. 
Blaxall,  in  a  report  upon  an  outbreak  of  scarlatina,  which  took  place  at  Swindon  in 
1879.  Dr.  Blaxall  explains  that  Smndon  consists  of  two  distinct  tomis,  under 
different  sanitary  authorities,  one  being  Old  Swindon,  situated  about  a  mile  from 
the  Great  Western  Railway  Junction,  while  New  Swindon,  as  its  name  implies,  is 
the  town  that  has  sprung  up  in  recent  years  in  the  immediate  neighbourhood 
of  the  railway.  Old  Swuidon  lies  at  an  elevation  of  perhaps  one  hundred  feet 
above  New  Swindon,  and  is  situated  on  the  oolitic  limestone  and  sand  of  Portland, 
while  the  subsoil  of  New  Swindon  is  chiefly  Kimmeridge  clay.  New  Swindon  was 
formerly  much  subject  to  floods.  The  two  towns  are  in  close  contiguity,  and  the 
populations,  together  numbering  upwards  of  20,000  inhabitants,  necessarily  have 
much  intercourse. 

Dr.  Blaxall  shows  that  measles,  whooping-cough,  and  pneumonia — diseases 
specially  affecting  the  respiratory  organs — were  far  more  fatal  in  New  Swindon  than 
in  Old  Swindon,  those  diseases  having  been  present  in  more  or  less  severe  form  at 
various  times  siace  1870.    He  shows  that  during  six  years  preceding  his  investiga- 
tion the  death-rate  from  measles  in  New  Swindon  was  as  much  as  twenty  times  that 
in  Old  Swindon  ;  from  whoopmg-cough,  considerably  more  than  double  ;  and  from 
pneumonia  and  bronchitis,  one-third  as  much  again.    The  two  to-vvns  differ  very 
little  socially,  but  topographically  Old  Swindon  possesses  many  advantages  over 
New  Swindon,  notably  in  its  comparative  elevation,  and  in  the  nature  of  its 
subsoil.      Hence  Old  Swindon  is  far  drier  than  New  Swindon,  a  fact  that  Dr. 
Blaxall  had  specially  brought  to  his  notice  by  the  sad  condition  of  the  floors  of 
some  of  the  houses  in  New  Swindon;  and  he  is  led  to  the  conclusion  that  the 
increased  severity  of  the  diseases  above  referred  to  in  New  Smndon  over  Old 
*  Tenth  lleport  of  tlie  Medical  Officer  of  the  Privy  Council,  1S67. 
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Swindon  was  probably  chiefly  attributable  to  the  dampness  of  the  subsoil  on  wliich 
the  houses  in  the  new  town  are  built,  together  with  a  complete  absence  of  precaution 
to  prevent  the  exlialations  from  the  ground  risiiig  up  into  the  houses. 

When  it  is  remembered  that  the  above-mentioned  rates  of  mortality  represent  a 
vastly  larger  rate  of  illness,  and,  what  is  of  scarcely  less  importance,  impaired 
energy,  it  will  be  easily  understood  what  a  serious  eflfect  upon  the  inhabitants  of  a 
district  may  be  produced  by  inefficient  precautions  against  the  rising  up  of  moisture 
and  ground-air  into  the  buildings  they  occupy. 

In  all  soils  the  dryness  of  the  ground  will  depend  to  a  great  extent  on  the 
elevation  of  the  site,  and  upon  the  ordinaiy  level  of  the  ground-water  in  the  district.  ■ 
The  variation  in  the  ground-water  will  frequently  be  considerable  in  the  course  ,' 
of  several  seasons,  and  will  depend  very  much  on  the  rainfall,  or  the  proximity 
of  a  river  or  stream,  and  the  facilities  for  the  natural  drainage  of  the  soil  by 
its  perviousness,  and  the  degree  of  inclination,  or  dip,  of  any  subjacent 
impervious  stratum.  The  ground-water,  however,  need  not  necessarily  be  regarded 
as  itself  a  source  of  danger;  but  inasmuch  as  it  affects  the  moisture  of  the 
supei-incumbent  earth,  it  promotes  or  retards  certain  organic  changes  in  the  soil 
which  may  be  more  or  less  productive  of  unwholesomeness  in  the  house  that  is 
erected  on  it. 

It  v/ill  be  seen  from  the  foregoing  remarks  that  the  question  as  to  how  the 
sanitary  dangers  of  the  subsoil  of  a  house  can  best  be  avoided  is  one  involving 
most  careful  attention.  These  dangers  most  ordinarily  aiise  in  either  of  the  two 
following  conditions  : — (a)  Where  an  artificially-made  site  is  comjjosed  of  the  deposit 
of  unwholesome  matters ;  and  (b)  where  the  site  is  naturally  porous  and  emits 
moisture  or  unwholesome  aii\  In  the  first  cf  these  instances  it  will  be  obvious 
that,  whatever  may  be  the  character  of  the  natural  subsoil,  the  proper  course 
to  adopt  is  to  remove  the  unwholesome  matter  that  has  been  deposited  on  the 
site  before  any  part  of  the  house  is  commenced.  The  second  instance  may 
involve  rather  more  structural  or  engineei-ing  skill. 

If  the  site  is  liable  to  actual  wetness  at  any  season  of  the  year,  it  will,  of  course, 
be  necessary  to  effectually  drain  it.  This  is  specially  likely  to  be  necessary  where 
the  position  of  the  site  is  such  as  to  receive  the  land  drainage  from  a  higher 
level.  The  drains- used  for  this  purpose  are  ordinary  unglazed  pottery  field  pipes, 
laid  in  trenches  of  various  depths,  according  to  circumstances,  and  laid  beneatli 
stones  or  pebbles,  in  order  to  let  the  water  soak  down  and  into  the  pipes.  In 
laying  these  drains  it  is  desirable  that  their  outfall  should  be  into  some  open  water- 
course, so  that  it  may  be  visible  and  open  to  the  air.  If  they  are  laid  so  as  to 
discharge  into  the  ordinary  house  drains,  or  mto  any  sewer  or  cesspool,  it  is  specially 
necessary  to  guard  against  the  entry  into  them  of  sewer-air  or  cesspool-air  ;  and  for 
this  purpose  an  arrangement  of  ventilated  traps  will  have  to  be  adopted,  and  in  an)- 
case  ample  ventilation  of  the  land  drains  would  be  desirable. 

The  most  important  point,  however,  is  to  prevent  exhalations  from  the  soil  rising 
up  into  the  house,  and  this  is  best  secured  by  entirely  covering  the  site  of  the  house, 
witliin  the  external  walls,  with  a  layer  of  some  impervious  material,  such  as  cement 
concrete,  asphalte,  or  other  such  substance.  Concrete  is,  perhaps,  the  most 
generally  available  material  for  the  purpose,  inasmuch  as  the  materials  for  making 
it  of  a  sufficieiitly  good  quality  can  be  obtained  almost  everywhere  without 
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— siK  inches  thick,  and  he 
much  cUthculty.    Uxe  layei  oi  ou  „,.nnted  with  liquid  cement,  its  surface 

rammed  solid,  and  when  it  has  ^/^^         f;;^^;  Vtlrably  smooth  and  capable 

should  ^0  floated  -er-^^^7firy  covr'd  ^^  f,,  it  usually 

of  being  swept  clean  before  t  s  ^^f^^^^  ^.^^^     ,fte,  fouled  by  the 

r  r— with  7-  — ^^-^t^  - 1:^: 

flagging  m^  be  ^^^^rT^^^  ^tSt^^y  of^he  house, 
materials  can  If  desired,  f?^^       ^  unsatisfactory  floor  for  many 

Xrrcr:^  vermm  w..  commomy  infest 

of  the  site  for  a  l.use  .U^  .  aspect 
and  prevaning  winds,  for  although,  in  the  case  of  the  majority  of  .Rouses  these  are 
mTtters  whicS  ai-e  orkinarily  beyond  control^  on  accoiint  of  ^^^l^^^^:^'^ 
plot  ofcround  on  which  the  house  is  to  be  built  and  the  luie  of  frontage  which  has 
?o  be  observed,  the  question  should  nevertheless  be  carefully  considered  whenever 
tL  condSons  ^ermit'of  any  choice  being  exercised.    In  the  case  of  ^  ^o-e  stai^mg 
in  its  own  grounds  of  a  few  acres,  or  of  a  mansion  standing  in  its  park  the  aspect 
is     course!  matter  of  first  importance.    The  house  has  to  be  so  placed  on  its  site 
as  to  command  the  best  views  from  the  principal  rooms  ;  and  scarcely  less  impoitant 
is  it  that  it  should  be  placed  so  as  to  form  a  pleasing  object  as  seen  from  a  dista^ica 
It  may  even  be  worth  while  sometimes,  before  the  exact  position  is  finally  decided 
on  to  erect  a  few  scaffold-poles  and  hoardings  to  mark  the  size  and  shape  of  the 
house,  in  order  to  judge  of  its  general  appearance  from  a  distance. 

Sc;me  of  the  rooms  will  need  a  brighter  light  than  others,  and,  therefore,  where 
the  circumstances  will  permit,  it  is  necessary  to  consider  how  the  house  shall 
be  placed  as  regards  the  points  of  the  compass.  In  our  climate,  where  the  weather 
is  so  changeable,  it  becomes  necessary  to  take  advantage  as  much  as  possible  of 
whatever  sunshine  may  present  itself,  and  hence  those  rooms  where  it  is  most 
needed  will  have  to  be  placed  towards  the  east,  south,  and  west.  The  consideration 
of  this  subject,  however,  will  be  dealt  with  later  on,  when  the  arrangement  of  the 
several  rooms  of  a  house  is  being  discussed.  ,    j  ^   .  a 

As  regards  the  direction  of  the  prevailing  winds,  this  can  frequently  be  detected 
by  observing  the  way  in  which  the  trees  and  shrubs  in  the  neighbourhood  are 
gi'own.    They  will  generally  be  found  to  indicate  by  their  shape  the  direction  of  the 
prevailing  wind.    The  continued  pressure  of  wmd  in  one  direction  will  bend  the 
trees  in  one  way,  and  the  young  twigs  and  leaves  on  the  side  on  which  the 
wind  most  frequently  impinges  get  damaged  and  destroyed  more  frequently  than 
those  on  the  other  side,  where  the  trees  are  able  consequently  to  grow  more 
freely.     In  determining  the  position  for  the  house,  it  may  be  of  advantage  to 
so  arrange  it  that  any  smell  from  the  kitchen  ofiices,  or  from  water-closets,  &c., 
shall  ordinarily  be  blown  out  of  rather  than  into  the  house. 
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CHAPTER  II. 

WALLS  AND  FOUNDATIONS. 

Foundation-Footings-Damp  and  its  Prevention— Damp-courses-Aicas-HoUow  Walls-Other 
Methods  of  Protection  from  Eain-Thiekness  of  WaUs-BoncI-FUnt  WaUs-Coucrete  Walls- 
Half -timber  Walls— Terra  Cotta— Party  Walls— Dangers  from  Fire. 

The  waUs  of  a  house  have  to  be  constructed  on  a  sufficiently  solid  and 
substantial  foundation,  to  prevent  them  from  sinking  into  the  ground  or  settling, 
which  usually  causes  them  to  crack.  They  have  also  to  be  formed  of  sufficient 
thickness  to  secure  a  due  amount  of  stability.  The  external  walls  of  a  house, 
moreover,  have  to  be  so  constructed,  and  to  be  formed  of  such  materials,  as  to 
exclude  the  weather.  In  the  case  of  adjoining  houses,  the  walls  separating  one 
house  from  the  next,  known  as  "party  walls,"  have  to  be  of  sufficient  substance 
and  so  arranged  as  to  prevent  not  only  the  transmission  of  sound,  but  also, 
what  perhaps  is  their  chief  function,  danger  of  the  spread  of  fii-e  from  one 
house  to  the  next. 

The  stability  of  a  wall  depends  first  upon  its  foundation,  and  secondly  upon 
its  thickness  in  proportion  to  its  length  between  lateral  supports,  and  its  height. 

In  forming  the  foundation  for  a  wall,  it  is  important  that  the  ground  should''  be 
excavated  to  such  a  depth  as  to  secure  a  solid  bed  of  natural  earth  or  rock  that 
is  not  liable  to  be  affected  by  the  weather.  All  soils  are  changed  by  continued 
exposure  to  the  weather,  and  even  hard  rock  becomes  disintegrated  and  unsound  for 
a  few  feet  below  the  exposed  surface.  Some  soils,  again,  are  apt  to  expand  and 
contract  within  a  few  feet  of  the  surface,  according  to  the  condition  of  the  weather, 
being  specially  affected  by  changes  from  continued  dry  weather  to  wet  and  frosty 
weather.  This  is  commonly  the  case  with  clay  soils,  and  unless  the  foundations 
of  the  walls  are  taken  down  to  a  sufficient  depth  the  building  is  very  likely,  sooner 
or  later,  to  show  signs  of  settlement,  either  by  cracks  in  the  walls,  or  by  the  doors 
and  windows  sticking  and  the  locks  failing  to  fasten  properly. 

The  most  ordinary  and  modern  mode  of  forming  the  foundations  of  the  walls  of 
a  building  is  to  rest  the  walls  upon  footings,  and  the  footings  upon  a  continuous 
bed  of  solid  concrete.  The  thickness  of  the  concrete  for  this  purpose  will  necessarily 
depend  very  much  on  the  weight  of  the  superincumbent  structure,  and  also  upon  the 
nature  of  the  ground  beneath  it.  The  concrete  ought  always  to  extend  beyond 
the  gi-eatest  width  of  the  footings  of  the  wall,  and  should  never  be  less  than  twelve 
inches  wider — six  inches  on  each  side — than  the  greatest  width  of  the  footings. 
The  depth  or  thickness  of  concrete  should  in  no  case  be  less  than  eighteen  inches. 

The  footings  ought  to  be,  in  height,  equal  to  at  least  two-thirds  of  the  thickness 
of  the  wall  immediately  above  them ;  thus,  if  the  wall  at  that  point  be  eighteen 
inches  thick,  the  height  of  the  footings  should  be  not  less  than  twelve  inches,  or  four 
courses  of  brickwork.  The  footings  ought  also  to  project  on  each  side  at  least  half 
the  thickness  of  the  wall  at  its  base  ;  thus,  in  the  case  again  of  an  eighteen-inch 
wall,  the  footings  at  the  widest  part  would  be  three  feet  in.  width,  and  the  concrete 
beneath  them  would  be  four  feet  in  width.    (See  Fig.  1.) 
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Of  course,  where  the  foundations  would  rest  upon  natural  beds  of  solid  rock 
the  c  rr'would  be  wholly  un:.ecessary,  and  a  xnodifled 

.uflice,  but  the  accompanying  illustration  shows  the  arrangement  that  is  most  usually 

'"t  "Lmmonwith  speculative  builders  in  the      o"ood  of  Lom^^^^^ 
and  some  of  the  large  provincial  towns,  to  merely  remove  the  surface  earth  foi  the 
depth  of  about  twelve 
inches,  and  to  commence 
the  wall  thereon  with- 
out any  concrete  what- 
ever,  and  with  indif 
ferent    footings.  As 
this  is  a  most  improper 
mode  of  construction,  it 
would  be  desirable  for 
any  one  who-  is  intend- 
ing to  purchase  a  new 
house,   or   to  advance 
money  upon  it,  to  re- 
quire the  ground  to  be 
opened  in  a  few  places, 
60  as  to  lay  bare  the 
foundations  of  the  walls, 
to  show  how  they  have 
been  formed. 

Having  now  de- 
scribed the  precautions 
that  are  necessary  for 
securing  efficient  foun- 
dations, the  next  point 
that  calls  for  attention 

is  the  method  to  be  adopted  to  prevent  moisture  from  being  absorbed  by  the 
material  of  which  the  walls  of  a  house  are  built  from  the  adjacent  earth,  and,  by 
capillary  attraction,  rising  up  in  the  wall,  and  thereby  damaging  the  Avall  itself, 
rotting  the  timbers  of  the  flooring,  injuring  the  paint  and  internal  decorations, 
and  polluting  the  atmosphere  within  the  house. 

It  is  not  uncommonly  supposed  that  moisture  rises  only  from  the  base  of  a  wall, 
and  that  a  horizontal  layer  of  waterproof  material  inserted  in  the  wall  at  a  short  dis- 
tance above  its  base,  even  though  below  the  level  of  the  ground,  will  serve  to  keep 
down  the  damp.  This,  however,  is  a  very  serious  mistake.  Where  the  wall  rests  on 
a  proper  foundation  very  little,  if  any,  moisture  will  be  absorbed  in  it  from  beneath. 
Moisture  is  far  more  liable  to  cuter  a  wall  from  the  earth  against  the  sides  than  at  any 
other  point,  and  it  will  rise  therefrom  according  to  the  wetness  of  the  earth  and  the 
absorbent  properties  of  the  materials  of  which  the  wall  is  constructed.  The  remedy 
for  this  is  to  place  a  damp-proof  course  of  some  material  that  is  impervious  to 
moisture  in  every  wall  of  a  house,  slightly  above  the  level  of  the  ground  which 
adjoins  the  walls.    Various  materials  are  used  for  this  damp-proof  course,  such  as 
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Fig.  2.— Patent  Damp-proof  Slab. 


sneet  lead,  two  or  three  layers  of  slates  bedded  in  cement,  or  a  half-inch  or  three- 
quarter  inch  layer  of  asphalte.  Certain  bituminous  felts  are  sometimes  used,  but  it 
Is  very  doubtful  whether  they  can,  in  any  circumstances,  be  regarded  as  altogether 
satisfactory  and  permanently  efficient.  Slabs  of  glazed  stoneware  (Figs.  2  and  3)  are 
frequently  adopted,  and  are  found  to  answer  admrrably.  They  are  generally 
perforated,  so  as  to  afford  an  air-passage  through  the  wall,  which,  apart  from  the 
primary  object  of  the  slabs,  is  most  useful  in  affording  ventilation  to  the  space  under 

the  flooring,  while  at  the  joints  the  per- 
foration serves  to  break  the  vertical 
continuity  of  the  mortar  or  other  material 
in  which  the  slabs  are  set,  and  wliich 
might  otherwise  afford  a  means  for  the 
rising  of  moisture.  These  slabs  are  made 
in  different  thicknesses,  from  one  and  a 
half  inches  to  three  inches,  and  of  widths  to  suit  the  various  thicknesses  of  brick 
walls,  and  they  are  admirably  adapted  for  their  purpose. 

It  has  already  been  stated  that  the  damp-course,  to  be  of  real  use,  ought  to  be 
slightly  above  the  level  of  the  ground  adjoining  the  wall,  but  it  sometimes  happens 
that  a  house  has  a  basement  storey,  or  a  half-sunk  basement  storey,  so  placed  that 
if  the  damp  course  were  inserted  in  the  manner  described,  it  would  be  considerably 
above  the  level  of  the  floor  of  the 
rooms  in  that  storey,  and  thus  the 
walls  for  a  certain  height  in  those 
rooms  would  be  affected  by  mois- 
ture, and  the  floor  timbers  liable 
to  rot.  This  is  by  no  means  an 
uncommon  occurrence,  and  it  needs 
sjaecial  ari'angement  in  order  to 
render  this  part  of  the  house  satis- 
factory in  this  particular.  The 
most  eflicient  method  is  to  excavate 
an  open  area  round  the  house,  so  as 
to  remove  the  earth  from  against 
the  wall  (Fig.  4),  taking  care  that 
the  bottom  of  the  area  is  well 

below  the  level  of  the  floor,  so  that  the  damp-course  may  be  beneath  the  level 
of  all  the  floor  timbers,  in  order  to  protect  them  from  the  injurious  effects  of 
moisture.  When  an  open  area  is  impracticable,  which  may  be  the  case  sometimes 
on  account  of  proximity  to  a  street,  or  of  the  extra  expense  that  would  be  involved, 
what  is  called  a  "  dry  area "  (Fig.  5)  may  be  formed.  This  would  have  the  same 
eflect  as  an  open  area,  but  its  construction  need  not  involve  quite  so  much  cost.  It 
is  simply  an  area  of  suflicient  widtli  to  keep  tlie  moist  earth  away  from  the  wall, 
and  is  covered  in  at  the  top.  If  from  any  cause  ncitlier  of  the  above  arrangements 
can  be  adopted,  there  is  yet  a  third  method  (Fig.  6)  of  effecting  the  object,  namely, 
by  forming  the  wall,  so  far  as  it  is  below  the  level  of  the  adjacent  ground,  with  a 
cavity  in  it.  In  this  case  it  will  be  necessary  to  have  two  damp-courses,  one  below 
the  floor  timbers,  and  another  in  the  outer  part  of  the  wall  a  few  inches  above  the 


Fig.  3.— Patent  Damp-proof  Slab. 
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level  of  the  gi-ound. 
A  similar  result  is 
sometimes  sought  to 
be  attained,  though 
with  varying  success, 
by  coating  the  outside 
of  the  wall,  where  it 
is  below  the  ground 
level,  with  asphalte  or 
other  impervious  sub- 
stance. 

It  will,  of  course, 
be  necessary  to  provide 
means  of  draining  the 
open  area,  and  also 
the  dry  area  and  the 
cavity  in  the  wall  3 
and  in  the  case  of  the 
dry  area  and  the 
cavity  it  is  specially 
necessary  to  provide 
ample  means  of  ven- 
tilating those  enclosed 
spaces.     A  wise  pre 


■  'Fig.  4. — Area. 


spaces.     A.  wise  pre- 
caution, and  one  that  is,  in  exposed  situations,  an  absolutely  necessary  one,  is 
provision  of  a  damp-cotirse  just  above  the  point  of  junction  between  the  roof 
the  chimney-stacks. 

It  is  not  only  necessary  to  take  precautions  against  the  rising  of  damp  m 
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Fig.  5. — Dry  Area. 


Fig.  6.— Hollow  "Wall. 
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yalls  Of  a  liouse  from  the  adjacent  ground,  but  the  possibility  of  moisture  bein. 
;  ™1  ''''''  "^"^  «f  damp  descending 

trther'  '  '  P^^'P"*'  ^«  ^^P^^^-i  *°  *h« 

The  penetration  of  the  walls  of  houses  by  rain  during  contiiaued  wet  weather  is 
very  common  when  the  house  occupies  an  exposed  situation,  and  it  becomes  a  matter 
of  the  utmost  importance  to  secure  efficient  means  of  averting  this  serious  incon- 
venience. Various  methods  are  resorted  to.  Thus  at  Brighton  and  other  places 
along  the  south  coast,  in  former  times,  it  was  customary  to  face  the  exposed  fronts 
oi  houses  with  a  kind  of  glazed  tile,  made  and  fixed  with  a  uniform  surface,  so  as 
to  miitate  bricks.  Sometimes  the  outside  of  the  walls  is  covered  with  ordinary 
slating ;  for  smaU  houses  and  cottages  the  walls  are  periodically  pitched.  Portland 
cement,  however,  has  superseded  many  of  these  contrivances,  and  is  now  very 
generally  iised  as  an  external  coating  to  the  brickwork,  and  is  almost  impervious  to 
driving  rain.    Sometimes  the  outer  face  of  the  wall  is  covered  with  a  superior 
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Fig.  8. 


Fig.  11. 

mortar,  on  which  are  sprmkled  shingle  and  small  pieces  of  flint — a  description  of 
work  known  as  "  rough-cast  "  Avork.  In  the  convalescent  hospital  at  Seaford — a 
new  building — it  was  found  that  the  walls  were  inadequate  to  keep  out  the  di-iving 
rain,  especially  when  exposed  to  the  sea.  The  remedy  adopted  was  the  aj^plication 
of  Szerelmey's  paint,  which  is  said  to  have  proved  successfid. 

Where  it  is  desired  that  the  brickwork  should  remain  exposed,  it  is  a  common 
practice  to  construct  the  external  wall  with  a  cavity — that  is,  to  form  it  of  two 
parallel  walls,  about  two  or  three  inches  distant  from  each  other,  and  tied  together 
by  bonding-ties  of  some  non-absorbent  material,  such  as  iron  or  glazed  stoneware. 
These  walls,  when  carefully  built,  are  nearly  as  strong  as  solid  walls,  and  they  not 
only  protect  the  house  from  the  penetration  of  damp  from  without,  but  they  tend 
to  the  maintenance  of  an  even  temperature  within  the  house.  It  is  important  in 
constructing  such  walls  to  provide  a  sufficient  number  of  bonding-ties,  in  order  to 
effectually  bind  the  two  thicknesses  of  the  wall  together.  For  this  purpose  the  ties 
ought  to  be  not  more  than  three  feet  apart  horizontally,  and  eighteen  inches  apart  verti- 
cally. The  annexed  figures  represent  some  of  the  kinds  of  bonding-ties  in  ordinary 
use.    Figs.  7,  8,  9  are  patent  stoneware  tiesj  10  is  a  wrought-iron  tie;  and  11a  cast- 
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i.on  tie  The  stoneware  ties  possess  some  advantages  over  tlie  iron  ties  inasmuch 
r  are  not  seriously  affected  by  damp.  The  ii-on  tie,  howevei,  -^^^^f^ 
be  coated  with  some  protecting  material,  such  as  tar  and  «--\*fe  sand  being 
necessary  to  assistthemortar  to  adhere  tothem,ortheyshouldbegav^^^^^^^ 
the  slophic^  part  in  the  middle  is  intended  to  conduct  any  wa  er  that  may  get  mto 
to  cavity^lay  from  the  i^ner  part  of  the  wall,  and  the  bend  in  the  iron  ties  has 


Fig.  12,— Slates  in  Damp-proof  Walls. 

the  same  object  of  preventing  water  from  being  conducted  towards  the  inner  portion 
of  the  wall.  Where  this  kind  of  construction  is  resorted  to,  it  is  necessary  to  lay 
a  piece  of  thin  sheet  lead  over  the  heads  of  the  door-frames  and  window-frames  ui 
order  to  protect  them  from  being  injured  by  any  water  that  may  get  into  the  cavity. 
It  is  Ukewise  very  desirable  to  provide  ample  means  of  ventilation  in  the  cavity. 

In  some  exposed  situations  the  external  walls  of 
buildings  have  been  constructed  "svith  a  narrow 
cavity  which  has  been  filled  in,  as  the  work  pro- 
ceeded, with  asphalte,*  or  slab  slate  with  iron 
cramps,  so  as  to  form  a  sort  of  vertical  damp- 
course.  Mr.  John  Taylor,  in  some  houses  erected 
from  his  designs  in  the  Isle  of  Thanet,  found 
that  the  ordinary  hollow  wall  with  iron  ties  was 
an  insufficient  protection  against  the  driving  rain 
and  spray  from  the  sea.  The  method  he  adopted 
was  to  build  in  a  layer  of  ordinary  roofing  slates 
between  two  half -brick  walls.  Fig.  12.  The  cavity 
between  these  two  skins  of  brickwork  is  justof  sufli- 
cient  width  to  allow  the  slates  to  ovei'lap  each  other, 
and  so  present  no  interstices  through  which  wet 
might  penetrate.    Each  slate  is  supported  on  a 

piece  of  copper  bent  to  form  a  "  chair,"  and  which  also  serves  the  purpose  of  a  tie 
to  connect  the  inner  and  outer  brickwork. 

One  other  mode  of  forming  hollow  walls,  which  is  prevalent  in  Surrey,  Sussex, 
and  Kent,  is  shown  in  Fig.  13.  A  framework  is  formed  of  timbers,  the  external  lace 
of  which  is  covered  with  laths  and  tiles.  The  upper  part  of  each  tile,  where  it  is 
hidden  by  the  overlapping  of  the  tile  above  it,  is  pointed  with  lime  and  hair  moi» 
tar,  to  prevent  the  rattling  that  would  otherwise  be  caused  by  the  wind.  The  inner 
face  of  the  framework  is  covered  with  ordinary  lath  and  plaster  work.  A  similar 
*  Infii-mary  at  the  Eastry  Union  Workliouse,  T.  E.  Kniglitley,  architect. 


Pig.  13.— Tiled  Frame  Wall, 
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method  of  construction,  in  which  slabs  of  concrete  are  substituted  for  the  tiles  is 
iikewise  sometimes  adopted.  These  modes  of  construction  are  obviously  cheap  Ind 
elective.  The  former  is  adopted  for  the  upper  storeys  in  many  classes  of  buildinc^s 
trom  the  barn  or  the  cottage  to  the  country  mansion.  Owing,  however  to  the 
extreme  combustibility  of  these  kinds  of  walls,  they  cannot  be  regarded'  as  safe 
substitutes  for  ordinary  brickwork,  unless,  by  dispensing  with  the  cavity  altogether, 
the  nisterstices  between  the  timber  fi'aming  be  filled  in  with  brickwork,  and  a°  back- 
ing of  brickwork  at  least  four  and  a  half  inches  thick,  be  placed  on  the  inner  side  of 
the  wall  behind  the  timber  framing. 

The  means  of  preventing  the  evils  of  damp  in  new  houses  have  thus  been  fully 
described.  In  a  future  chapter,  brief  mention  will  be  made  of  the  remedies  to  be 
adopted  in  the  case  of  old  houses  which  sufier  from  the  evil. 

Thickness  of  TTaZ^s.— The  thickness  for  the  walls  of  a  house  is  a  matter  of  no 
slight  importance.  Adequate  thickness  is  necessary  alike  for  securing  due  stability, 
for  keeping  out  the  weather,  and  for  protecting  the  interior  of  the  house  from  the 
effect  of  changes  in  the  external  temperature. 

Walls  of  houses  are  constructed  of  brickwork,  stonework,  rubble-work,  or  flint 
and  boulder  work.  Sometimes  a  combination  of  these  materials  is  used,  such  as 
brickwork  with  stone  dressings,  stonework  with  brick  backing,  flintwork  with 
brickwork  in  piers  and  quoins,  &c.  Of  late  years,  since  the  manufacture  of  good 
cement  has  been  extended  and  cheapened,  walls  formed  of  concrete  have  come  into 
use.  Walls  formed  of  a  combination  of  brickwork  and  timber,  known  as  half-tim- 
ber work,  have  likewise  recently  been  much  used  in  consequence  of  the  revival  of 
the  picturesque  English  domestic  architecture,  and  the  architecture  of  the  period  of 
Queen  Anne.  There  are  a  few  other  kinds  of  wall-construction  in  use  in  certain 
districts.  Thus  in  the  eastern  counties  it  is  not  uncommon  to  find  the  walls  of 
small  houses  formed  of  "  clay  lumps,"  and  in  other  parts  what  is  known  as  "  wattle 
and  dab  "  walls  are  met  with  among  the  poorer  cottages.  But  owing  to  the  increased 
facilities  for  the  conveyance  of  building  materials  that  now  exist  almost  every- 
where, bricks  are  more  generally  adopted  for  building  purposes  than  any  other 
material.  Even  in  some  districts  where  building-stone  is  found  on  the  spot,  bricks 
are  brought  by  railway  for  use  in  internal  walls  and  otherwise.  This  is  partly  due 
to  their  being  obtainable  at  very  moderate  cost,  but  mainly  perhaps  because  of  the 
great  facility  with  which  they  can  be  used  in  the  construction  of  a  wall. 

Bricks  are  ordinarily  of  a  uniform  size  of  nine  inches  in  length  by  four  and  a 
half  inches  in  width,  and  three  inches  in  thickness.  There  is  but  little  variation 
from  this  size  throughout  the  country.  In  Yorkshire  and  Lancashire  they  ai-e  a 
trifle  larger,  while  in  the  south  they  are  often  a  little  less  in  size.  But  for  all 
practical  purposes  the  dimensions  above  described  may  be  referred  to  as  the 
ordinary  size  of  a  brick ;  and  experience  has  shown  that  it  is  the  most  generally 
convenient  size  both  for  the  construction  of  walls,  and  for  the  bricklayer  to  handle 
when  at  work. 

Under  these  circumstances  it  is  not  surprising  to  find  that  rules  for  the 
thickness  of  walls  of  houses  are  generally  based  primarily  on  the  supposition 
that  they  are  to  be  constructed  of  brickwork,  and  whatever  different  tliickness  may 
be  necessary  in  the  case  of  walls  built  of  otlier  materials,  it  can  be  prescribed  merely 
by  a  specific  deviation  from  the  thickness  that  would  be  requisite  for  a  brick  wali. 
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This  is  the  plan  that  has  been  adopted  in  the  Metropoh  an  BuUdmg  Act,  and 
a  0  inmost  of  the  local  building  acts  and  regulations  throughout  the  country 

So  far  as  stability  alone  is  concerned,  it  will  ordinanly  suffice  for  wall  bud 
of  any  of  the  materLUs  above  mentioned  to  be  formed  of  the  f  ^^^ness  that  s 
unnecessary  for  brick  walls,  with  the  exception  tl-t       certain  ^^^^^^^^^^ 
walls  with  what  are  known  as  random  courses,  or  m  winch  the  beds  of  the 
Tto  es  are  not  laid  horizontally,  and  also  in  walls  of  flxntwork  construction  a 
greater  thickness  is  needed.    An  increase  of  at  least  one-third  is  generally 

''"^  The'quality  of  the  materials  that  are  used  in  the  construction  of  the  walls 
of  a  house  will  often  necessitate  a  gi'eater  thickness  than  is  absolutely^  required 
merely  for  purposes  of  stability.  Thus  it  rarely  happens  that  single-brick  walls 
(nine  inches  thick)  will , effectually  keep  out  the  weather;  and  frequently  a  brick- 
and-a-half  wall  (fourteen  inches  thick)  is  inadequate  for  the  purpose.  In  the 
same  way,  many  kinds  of  building  -  stone  are  readily  penetrated  by  a  drivmg 


Fig.  14.-Englisb  Boud,  Fig.  IS.-Flemisli  Boud. 


rain.    Hence  an  increase  of  thickness  becomes  necessary,  or  some  of  the  precautions 
already  described  have  to  be  resorted  to. 

In  the  construction  of  brick  walls  it  is  necessary  to  so  interlace  the  bricks  that 
they  will  tie  the  wall  together  in  all  directions.  This  is  called  "  bonding,"  and 
it  is  necessary  to  take  special  notice  of  this  subject,  because  in  many  houses,  as 
ordinarily  built,  broken  bricks,  or  bats,  as  they  are  termed,  are  often  used  instead 
of  whole  biicks,  and  the  stability  of  the  wall  is  thereby  rendered  less  secure. 

There  are  two  methods  of  bonding  in  common  use — one  termed  English  bond 
and  the  other  Flemish  bond.  The  English  bond  (Fig.  14)  is  that  in  which  the  courses 
of  bricks  are  laid  alternately  all  lengthways,  or  "  stretchers,"  and  all  endways,  or 
"headers."  In  the  Flemish  bond  (Fig.  15),  which,  as  its  name  implies,  was  intro- 
duced from  Holland  about  the  time  of  William  and  Mary,  the  courses  of  bricks  are 
laid  with  "  headers  "  and  "  stretchers  "  alternating  in  every  course.  The  English 
bond  is  held  to  be  preferable,  on  account  of  its  superior  strength,  as  Flemish 
bond  does  not  effect  such  secure  tie,  both  lengthways  and  widthways  in  the 
wall,  as  the  English  bond. 

Hoop-iron  Bond. — It  is  not  uncommon  to  increase  the  strength  of  walls  by 
the  introduction  of  bond  timber  or  hoop-iron  bond.  Formerly  bond  timber  was 
largely  used  in  walls,  but  owing  to  its  liability  to  rot,  or,  in  the  case  of  a  fire 
occurring,  to  be  burnt,  and  impair  the  stability  of  the  wall,  it  has  been  almost 
entirely  superseded  by  hoop-iron  bond. 

Whenever  the  foundations  are  at  all  doubtful,  or  where  permanent  security 
IB  specially  needed,  the  use  of  hoop-iron  bond  in  the  walls  is  most  valuable.  It 
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consis  s  of  strips  of  hoop-iron,  usually  tarred  to  preserve  it  from  rust,  and 
sanded  to  assist  the  mortar  to  adhere  to  it,  and  is  laid  between  the  courses  of 
bricks  for  two,  three,  or  four  courses  in  height,  at  the  most  convenient  places 
in  the  elevation  of  the  wall.  One  strip  of  hoop-iron  should  be  laid  in  each 
half  brick  of  the  thickness  of  the  wall.  It  is  often  deemed  necessary  to  form 
these  bonding  tiers  in  cement  brickwork,  in  order  to  secure  an  increase  of 
strength  of  the  entire  tier.  A  patented  hoop-iron  bond  is  sometimes  used,  with 
the  object  of  securing  a  firmer  hold  on  the  brickwork ;  it  consists  of  strips  of 
hoop-iron,  with  notches  formed  at  distances  of  about  twelve  inches  apart  alternately 
along  each  edge,  the  corner  of  iron  at  each  notch  being  turned  up  so  as  to 
effect  a  better  key  in  the  mortar  or  cement. 

Stone  walls  for  houses  are  more  often  built  merely  with  a  facing  of  stone 
and  a  backing  of  brickwork.  Even  in  districts  where  stone  abounds  it  is  not 
unusual  to  adopt  this  mode  of  construction.  The  same  may  to  a  great  extent 
be  said  of  rubble  walls. 

Flintwork  Walls.— Flmiv^ovk  is  used  more  for  the  smaller  class  of  houses, 
inasmuch  as  it  is  inexpedient  to  build  walls  of  this  construction  to  any  considerable 
height.  These  Avails  are  composed  mainly  of  mortar,  and  hence  they  have  to 
be  proceeded  with  comparatively  slowly,  in  order  that  the  mortar  may  have 
time  to  set  and  become  hard,  otherwise  there  would  be  risk  of  the  weight  of 
the  upper  part  of  the  work  crushing  the  lower  part,  and  resulting  in  the  collapse  of 
the  whole.  There  are  many  instances  on  record  of  the  complete  failure  of  new 
buildings  erected  with  walls  of  this  kind  of  construction  during  a  continuance 
of  wet  weather,  which  has  prevented  the  mortar  from  setting.  Houses  built 
of  flintwork  should  always  have  in  their  walls  a  proportion  of  brickwork  equal 
at  the  least  to  one-fifth  of  their  entire  bulk,  properly  distributed  in  piers  and 
horizontal  courses. 

Concrete  Walls. — Concrete  walls  have  in  recent  years  been  much  adopted, 
and  when  properly  constructed  with  good  materials  are  found  to  answer  admirably, 
even  for  houses  of  considerable  height.  The  concrete  for  this  purpose  ought  to  be 
formed  of  cement  in  preference  to  ordinary  lime,  as  cement  not  only  sets  more 
rapidly,  and  thus  obviates  the  difficulty  just  referred  to  in  regard  to  walls 
formed  of  flintwork,  but  it  is  harder  when  it  has  set,  and  consequently  insures  a 
more  secure  construction,  which  is  especially  important  in  the  case  of  buildings  of 
great  height.  Concrete  walls,  if  built  of  good  materials,  are  often  far  more  effectual 
for  keeping  out  the  weather  than  ordinaiy  brick  walls  of  the  same  thickness,  and  as 
they  are  somewhat  cheaper  to  construct  it  is  probable  that  they  will  become 
more  commonly  adopted  than  hitherto.  They  require  special  apparatus  in  their 
construction,  and  this  has  no  doubt  tended  to  retard  their  introduction. 

In  building  a  house  of  concrete  the  walls  are  formed  by  fixing  a  frame  or  mould 
of  planks  or  iron  platss,  and  filling  it  with  the  concrete,  taking  care  to  pack  it  well 
and  ram  it  down.  The  concrete  is  put  in  in  layers  about  six  inches  thick,  until  it 
reaches  the  top  of  the  frame  or  mould.  The  concrete  takes  about  a  couple  of  days  to 
set  sufficiently  hard,  and  the  frame  is  then  removed  and  refixed  higher  up,  to  a,llow 
of  another  course  being  formed,  the  courses  being  about  eighteen  inches  in  lieight. 
The  two  sides  of  the  frame  or  mould  have  to  be  tied  together  by  pins  or  bolts  to 
keep  them  parallel,  and  the  bolts  are  drawn  out  each  time  the  frame  has  to  be  raised. 
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r^lcs  of  buUdings,  and  moulds  arc  required  for 


Special  frames  have  to  be  used  for  ^^^.^^^dm  the  frames  of  doors  and 

,vith  stoco,  and  decorated  accordmg  to  fancy.  ^^^^ 

rfnT™"  ".t  t  vSu  "o,  tLe  country,  and 

architecture  of  England.    It  is  met  ^^^^^  pherished  with  much  feiwour. 

numerous  old  towns  P^"— ^ 

There  are  some  good  specimens  at  Exetei.  ancl  e^  e  , 

construction,  is  still  not  without  some  specmiens  of  old  timbei  buildings.  y 

Chester,  however,  can  show  finer  examples  ot 

this  picturesque  style  than  any  other  town  m 

the  kingdom.    "The  Eows"  in  that  city  are 

unique,  and  form  one  of  the  most  interesting 

features  for  the  curiosity  of  the  visitor. 

Of  course,  with  the  introduction  of  timber 

into  the  walls  of  a  house,  there  may  be  a  cor- 
responding danger  of  fire;  but  this  objection 
can  be  reduced  to  a  minimum  without  much 
difficulty.  The  kind  of  construction  in  ques- 
tion is  obviously  not  adapted  for  any  but 
external  walls,  nor  indeed,  seeing  that  it  is 
only  for  appearance  that  it  would  be  used, 
would  it  be  required  for  other  than  external 
walls. 

For  preventing  the  spread  of  fire  it  is 
necessary,  in  the  case  of  attached  houses, 
to  avoid  all  continuity  of  the  timber  fram- 
ing from  one  house  to  the  next  adjacent 

house.  This  is  easily  effected  by  bringing  the  party  walls  through  to  the  front  tor 
their  full  thickness,  and  making  them  project  a  trifle  beyond  the  face  of  the  timber 
framing  For  the  rest  it  is  very  desirable  that  the  interstices  between  the  framing 
should  be  completely  filled  in  with  solid  brickwork,  and  that  there  should  be  a  four- 
and-a-half-inch  thickness  of  brickwork  at  the  back  of  the  timbers,  as  described  for 
tile-faced  timber-framed  walls.  If  these  precautions  are  taken,  there  wUl  practically 
be  no  risk  of  fire  on  account  of  this  mode  of  construction. 

Terra  cotia  is  a  material  which  has  been  extensively  used  of  late  years  for 
building.    It  is  made  with  certain  kinds  of  clay  usually  mixed  with  other  substances, 
chiefly  glass,  pottery,  and  sand,  and  ground  up,  strained,  laieaded,  and  finally  forced 
into  moulds  and  baked  in  a  kiln.    The  great  difliculty  to  be  contended  with  in  the 
manufacture  of  terra  cotta  is  the  unequal  shrinkage  of  the  clay.    Great  care  has 
to  be  exercised  both  in  the  preparation  of  the  material  and  in  the  burning.  On 
account  of  the  richness  and  variety  of  its  colour  and  the  delicacy  and^  variety 
of  ornamental  treatment  of  which  it  is  susceptible,  it  is  a  valuable  material.  Its 
durability  under  the  conditions  of  such  an  atmosphere  as  London  has  yet  to  be 
established.    In  point  of  cost  it  is  probably  about  the  same  as  Portland  stone. 
Possibly,  in  very  large  works,  Avhere  ornamental  features  are  often  repeated,  the 
cost  may  be  somewhat  less.    Examples  of  the  use  of  ten-a  cotta  in  important 


Pig.  16.— Half-timber  Wall. 
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bchools,  both  at  South  Kensington. 

Before  quitting  the  subject  of  the  walls  of  a  house  it  will  probably  be  useful  to 
refer  to  party-walls,  and  the  precautions  that  ai-e  necessary  for  the  prevention  of 
the  spread  of  fire  from  a  burning  house  to  the  next  house.  It  is  to  be  remembered 
that  Parliament,  by  giving  to  borough  councils,  local  boards,  and  other  sanitary 
authorities,  power  to  regulate  the  proper  construction  of  the  walls  of  new  buildin-s 
tor  the  prevention  of  fires,*  has  imposed  upon  them  a  very  considerable  responsi- 
bility, and  one  which  ought  in  no  way  to  be  neglected.  Pew  persons  who  have  not 
had  the  misfortune  to  occupy  a  house  next  to  one  that  has  been  destroyed  by  fire 
can  realise  the  feeling  of  distrust  tliat  rises  up  in  the  mind  as  to  the  efficiency  of  the 
protection  afforded  by  the  ordinary  party-wall,  and  the  chance  that,  owing  to  some 
improper  construction,  the  misfortune  that  has  befallen  a  neighbour  may,  in  the 
course  of  a  short  half -hour,  make  similar  havoc  with  his  own  house  and  property. 

Of  course,  if  every  building  were  enclosed  exclusively  in  its  own  walls,  those 
walls  would  all  be  what  are  known  as  "  external,  walls,"  and  safety  from  the  spread 
of  fire  by  tliis  channel  would  be  almost  ab.solute.  But  inasmuch  as  it  would  be  a 
somewhat  unnecessary  expense,  and  consequently  would  act  oppressively  to  require, 
in  the  case  of  attached  houses,  the  adjacent  external  walls  to  be  in  duplicate,  it  is 
invariably  permitted  to  substitute  a  single  wall  as  the  separation  between  attached 
houses,  and  it  is  this  wall  that  is  designated  a  "  party- wall." 

A  party-wall  has  been  defined  as  a  wall  used,  or  constructed  to  be  used,  in  any 
part  of  its  height  or  length  for  the  separation  of  adjoining  buildings  belonging  to 
different  owners,  or  occupied,  constructed,  or  adapted  to  be  occupied  by  different 
persons.  A  party-wall  is  also  a  wall  which,  forming  part  of  a  building,  stands,  in 
any  part  of  its  length,  to  a  greater  extent  than  the  projection  of  its  footings  on  one 
side,  on  the  lands  of  different  owners. 

A  good  party-wall  is  most  important  for  the  proper  separation  of  all  attaclied 
houses.  It  is  the  custom  of  most  fire  insurance  offices  to  impose  an  extra  rate  of 
premium  on  any  house  that  is  separated  from  its  neighbour  by  an  imperfect  party- 
wall,  or  by  a  party -wall  which  is  not  carried  up  through  and  above  the  roof.  Even 
detached  houses,  if  very  near  to  their  neighbours,  may  be  seriously  endangered  if  one 
of  them  happens  to  be  destroyed  by  fire,  for  the  flames  may  easily  extend  to  the 
overhanging  eaves  or  the  rafters  of  the  roof  of  a  neighbouring  house,  if  it  be  not 
sufficiently  remote. 

In  order  to  obviate  this  danger,  it  is  commonly  prescribed  in  building  Acts,  and 
other  building  regulations,  that  in  the  case  of  any  house  being  within  a  distance  of 
fifteen  feet  from  any  other  house  the  external  walls  on  the  side  adjacent  to  the  next 
house  shall  be  carried  up  above  the  roof,  so  as  to  form  a  parapet  at  least  twelve 
inches  high. 

In  the  case  of  attached  houses,  it  is  usual  to  carry  up  the  party-walls  tlu-ougli 
and  above  the  roof,  so  as  to  form  a  parapet  at  least  fifteen  inches  in  height.  Tliis 
is  necessary,  inasmuch  as,  should  one  of  the  houses  be  destroyed  by  fire,  the  flames 
from  it  would  be  liable  to  be  driven  over  the  roof  of  the  adjoining  house,  and  the 
heat  would  quickly  crack  the  slates  and  expose  the  rafters  and  other  roof  timbers, 
which  would  at  once  be  ignited,,  and  thus  lead  to  the  destruction  of  a  second  house, 

•  Vide  33  &  30  Vic,  cap.  55,  §  157  (2). 
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likely  to  occur  in 


large  houses  and  buildings  ^1^^^™  ;°7J^^^  consequently  this  requirement 
.o^uld  make  a  great  blaze  than  in  small  house^^^  ^^^^^^.^^  ^  ^^^^^^ 

is  not  infrequently  applied  f-^^;^^^,  bHo  builcUngs  ;  and  in  this  way 

specified  height,  and  to  --^^--^^^v  SrluL  is  obviated  in  the  case  of  small 
the  additional  cost  that  is  incurred      '^'J^^Tl^lln^r^  of  outlay  has  to  be  avoided 

p„.ibmt,     Camp  -^^f «  ma^  be  EaLshed  with  a  course  of 

and  mth  vai'ious  degrees  of  success  '    . '^.m,,  „..„iectm»  beWthem,  in  order 

bricta  on  edge,  laid  ia  cement,  £  and  rrtL°s  what    called  water- 

,„  prevent  water  f^-.^'''^'"?  '  "J"  ^^Ti^^^^^^^^^  o£  stone  laid  on  the  top  of 
tabling  is  adopted,  wtach  consists  1^^^  W.''^"^^^^^^  T^,  pet  is  occasionally 
the  parapet,  and  projecting  ^^j^'  'to  L  parapet,  is  the 

cemented  all  over.    An  iiaportant  pomt  howeve  ^  .^^ 

.ay  in  which  the  roof  ^if^^^^^^^^'^^^^^^^l  betimes  by  what  is  known 
way  into  the  biuldmg  at  that  point     inis  the  ancle  formed  by  the 

c::,td  -n.;  disp^cei,  a^ 
£^ttr.t:r^r:fSa^^:t5 

IteTbAhe  s  ates  ^vith  the  parapet,  extends  on  to  the  slates  a  sufficient  distanc 
0  ;^t^ft  the  .vet  getting  unL  them.    AnoUier  method  ^^^^^^^^^ 
soakinc.  down  the  wall  is  to  continue  the  slates  through  the  wall,  ^e"^'^*  ^^  ^ 
parapet  beddin.  them  in  cement,  so  as  to  form  a  kind  of  damp-proof  course  neai  the 
LpTmUar  to  th"e  damp-proof  course  that  has  already  been  described  near  the  bottom 

Anlther  subject  intimately  connected  with  the  walls  of  a  house,  and  which 
neect  most  careful  attention  i^  regard  to  the  safety  of  .  biuldings  from  fir^  .  the 
construction  of  fireplaces  and  chimneys,  and  the  proximity  of  timbei  and  wood- 
work to  the  inside  of  flues.    The  defective  construction  of  flues,  and  carelessness 
in  fixing  woodwork,  are  among  the  commonest  causes  of  damage  to  buildings  by 
fire.    Tie  heedless  way  in  which  workmen  sometimes  drive  wooden  plugs  and 
insert  wooden  bricks  (for  fixing  door-frames,  skirtings,  &c.)  in  walls  and  chimney- 
breasts,  so  as  even  to  project  into  a'  chimney  flue,  renders  it  a  matter  for  surprise 
that  fires  from  this  cause  are  not  of  more  frequent  occurrence.     It  is  not 
improbable,  however,  that  many  of  the  fires  that  are  reported  as  of  unknown 
cause  actually  owe  their  origin  to  defective  construction  of  flues,  or  to  woodwork 

being  improperly  fixed  near  them. 

Chimney-flues  are  usually  surrounded  by  brickwork,  often  not  more  than  four 
and  a  half  inches  thick,  and  in  order  to  form  a  smooth  surface  that  will  not 
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fac  l  tate  the  adhesion  and  accumulation  of  soot,  as  well  as  in  order  to  fill  up  all 
accidental  interstices  xn  the  brickwork,  the  internal  surface  of  the  flue  hi  to 
be  covered  with  a  kind  of  plaster  known  as  "  pargetting,"  and  formed  of  lime  and 
cowdung  Sometimes  the  flue  is  lined  with  stoneware  pipes  instead  of  being 
pai-getted.  In  pargetted  flues  it  is  not  at  all  uncommon,  though  most  improper,  to 
find  that  after  the  bricklayer  has  finished  his  part  of  the  work,  the  carpenter  drives 
wooden  plugs  in  the  joints  of  the  brickwork  in  order  to  enable  him  to  fix  a  door- 
frame or  skirting  round  a  room.  In  driving  the  wood  plugs  into  the  four-and-a- 
half-inch  brickwork  around  the  flue,  he  can  scarcely  avoid  displacing  a  considerable 
portion  of  the  pargetting  in  the  flue,  and  thus  the  woodwork  is  exposed  to  the 
direct  action  of  the  heat  in  the  flue ;  and  if  an  accumulation  of  soot  should  occur 
near  the  wood  and  become  ignited,  there  would  obviously  be  very  considerable 
danger  of  fire  extending  to  the  rest  of  the  house. 

In  the  same  way,  though  perhaps  with  slightly  less  risk,  timber  is  sometimes 
placed  against  the  brickwork  of  a  chimney-flue  when  it  is  of  insufficient  thickness. 
If  the  brickwork  is  only  four  and  a  half  inches  thick,  there  can  be  no  perfect  bond, 
and  consequently  there  is  risk  of  the  joints  being  imperfect  and  of  fire  being  carried 
through  them  by  a  draught  to  the  timber  in  the  immediate  neighbourhood.  Hence 
it  is  usual  in  such  cases  to  require  the  outer  face  of  the  brickwork  about  a  chimney 
flue,  when  it  is  no  more  than  four  and  a  half  inches  in  thickness,  to  be  plastered 
where  any  timber  is  near  it. 

It  is  necessary,  where  complete  safety  from  fire  is  desired,  to  require  the  brick- 
work about  a  chimney  to  be  at  least  nine  inches  thick,  instead  of  only  four  and  a 
half  inches,  at  any  rate  up  to  a  certain  height  above  the  fireplace,  and  this  is 
specially  necessary  in  the  case  of  chimney-flues  from  kitcheners  and  scullery  or 
wash-house  copper  furnaces,  where  the  heat  passing  up  the  chimney  is  veiy  great. 
Owing  to  the  fact  that  kitchens  are  now  so  commonly  fitted  with  close  ranges, 
in  which  all  the  air  that  goes  up  the  chimney  passes  through  the  fire  itself,  it  is 
usual,  in  properly-constructed  buildings,  to  surround  the  kitchen  chimney  with  nine- 
inch  brickwork  for  a  height  of  ten  feet  or  more  above  the  top  of  the  fireplace,  and 
thus  carry  it  safely  past  the  timbers  of  the  floor  immediately  above  or  of 
the  roof. 
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CHAPTER  III. 

BRICKS,  STONES,  AND  MORTAR. 


■n  n    .     t?+nnP  used  in  the  Houses  of  Parliament,  and 


Slates  and  Tile-stones. 


Oiates  aif-i    - 

ae  «-stone.  t,.l  Z  construction  of  tie  .onse» 

houses.    This  IS  a  pomt  that  is  "f*?'^  ^^^^^^^  „l,j^f  interest  lies  in  completing 

i:ti:t-:  the  pa.       the  —  PUi.<*^^^^^^^^^^ 

It  wHch  the  biks  and  stones  are  put  together  is  little  better  than  mud^^ 

ttrrselTctionof  bricks  it  must  be  remembered  that  those  of  mnform  co  ouv 
J^e^^V^ecl  out  for  facings,  and  therefore  command  a  higher  price.  Those 
^irXrare  heaviest  and  hardest  are  generally  the  most  dui^ble  and  be  t 
of  the  commonest  methods  of  testing  the  quality  of  bricks  is  to  take  one  in 
al  hand  and  knock  them  together.    Bricks  of  good  quality  so  tes  ed  wi  1  give  a 
clet  rging  sound.    A  good  stock  brick  should  Wgh  not  less  than  about  five 

^'^Tt  ordinary  red  brick  is  generally  more  absorbent  than  the  hard  ^^ock  bnck 
and  is  therefore  commonly  used  for  dressings  and  ornament  only,  but  red  bricks  ot 
drly  dense  and  durable  quality  -e  nevertheless  to  be  obtai..ed.  Some  excellent 
machine-made  white  perforated  bricks  are  frequently  used  for  facings  Jh^  per W 
tions  lessen  the  weight,  and  so  facilitate  the  carnage  of  the  bricks,  while  they  foim 
a  sort  of  key  for  the  mortar,  and  also  promote  uniformity  m  the  burning. 

Mortar  ought  to  be  compounded  of  clean  sharp  sand  and  slaked  lime  ordinarily 
in  the  proportion  of  one  part  of  lime  to  three  parts  of  sand.    Grouting,  or  fluid 
mortar,  with  which  the  interstices  of  the  brickwork  should  be  filled  up  about  every 
■•fourth  course,  is  merely  ordinary  mortar  reduced  to  a  liquid  consistency  by  the 
addition  of  a  greater  quantity  of  water.  „  ,  •  i 

The  sand  that  is  used  in  mortar  should  be  tolerably  fine  and  free  from  shmgle, 
or  small  stones.  It  is  important,  moreover,  that  it  should  be  free  from  impurities, 
such  as  earthy  or  clayey  matters,  for  it  must  be  remembered  that  the  ultimate 
strength  of  the  mortar  depends  upon  the  adhesive  quality  of  the  lime  and  the 
particles  of  sand ;  and  if  the  latter  be  coated  with  an  intermediate  layer  of  clay, 
the  Ume  and  the  sand  will  easily  be  separated  either  by  moisture  or  by  uneven 


52 


OUR  HOMKS. 


P  e  save.    Heuce  xt  13  very  desirable  to  wash  all  the  sand  that  is  to  be  used  in  a 
building  so  as  to  remove  all  clay  or  mud.    Many  builders  are  in  the  habit  of 
usmg  ';road  scvap.ngs,"  but  owing  to  the  quantity  of  foreign  matter  it  contains 
ncludxngmuch  that  is_  capable  of  decomposition,  its  fitness  is  obviously  not  alway 
to  be  rehed  upon.    It  is  certain,  however,  that  much  inferior  mortar  is  used  in  tL 
election  of  suburban  villas  and  cottages,  the  walls  being  put  together  with  only  a 
scanty  quantity  of  even  that  material,  and  the  joints  of  the  brickwork  on  the 
exposed  faces  are  afterwards  pointed  with  mortar  of  a  somewhat  better  quality 
Another  feature  m  speculating  builders'  brickwork  is  the  thickness  of  the  ioints 
between  the  bricks.    This  is  a  very  common  defect.    The  bricks,  instead  of  havin- 
only  sufficient  mortar  between  them  for  the  purposes  of  adhesion  and  of  equally 
distributing  the  pressure,  have  a  thick  bed  of  inferior  mortar,  which  readily  absorbs 
a  driving  ram,  and  then,  after  a  frost,  soon  crumbles  away.    The  best  joint  for 
ordmary  brickwork  is  a  carefully  trowel-struck  narrow  joint,  never  exceeding  a 
quarter  of  an  inch  in  thickness,  and  having  the  upper  edge  slightly  indented 
and  the  lower  edge  flush  with  the  face  of    the  bricks,  or  slightly  projecting 
(Fig.  17,  a).    If  good  mortar  be  used,  this  joint  will  throw  off  the  rain,  and  last 
for  an  almost  indefinite  time.     Some  joints  in  brickwork  that  are  made  by 
pointing  after  the  wall  has  been  built,  such  as  "tuck  "  pointing  (i),  and  "bastard 
tuck  "  pointing  (c),  seem  specially  intended  to  last  only  a  few  years. 

The  selection  of  stone  for  use  in  building  is  a  point  of  the  utmost  importance, 
and  no  care  or  trouble  should  be  spared  to  ensure  that  the  choice  made  shall  be  that 
most  likely  to  withstand  the  influences,  whether  natural  or  artificial. 
I         I      to  which  it  may  be  subjected. 

The  use  of  stone  in  the  smaller  classes  of  houses  is,  except  in 
localities  where  it  is  indigenous  and  cheaper  than  bricks,  restricted  to 
window-sills,  steps,  and  ornamental  appendages,  commonly  known  as 
dressings.  Where  good  stone  is  not  readily  at  hand,  and  good 
bricks  are  to  be  had,  the  use  of  stone  should  be  confined  within  the 
narrowest  possible  limits. 

Most  of  the  soft  friable  Bath  stone,  used  commonly  in  small  sub- 
urban houses  to  give  an  attractive  appearance  and  thereby  make 
them  more  readily  saleable,  will,  long  before  the  ground-leases  have 
run  their  term,  have  to  be  replaced  by  other  stone,  as  othenvise 
it  will  perish  with  the  action  of  the  weather,  and  disappear  in  an 
almost  impalpable  dust. 

In  selecting  a  stone  for  building,  the  first  characteristic  to  be 
sought  for  is  durability.  Various  methods  can  be  adopted  to  ascer- 
tain ,  if  a  stone  possesses  this  property.  The  weathered  face  of  the 
stone  in  an  old  quarry,  or  the  exposed  side  of  a  cliff",  is  a  valuable 
evidence  of  the  wearing  qualities  of  a  stone  where  it  is  to  be  used 
in  the  immediate  neighbourhood,  or  under  similar  conditions  as  to  climate. 
Old  buildings  also  afford  valuable  information  as  to  the  durability  of  the  stone  of 
which  they  are  constructed.  In  these  days  of  advanced  geological  knowledge, 
however,  something  more  than  tests  of  this  sort,  which  are  at  best  but  superficial, 
is  required.  The  chemical  composition  of  a  stone,  taken  in  conjunction  with  the 
particular  atmospheric  or  local  influences  to  which  it  will  have  to  be  subjected, 


Pig  17.- 
Joints. 


83 

GENERAL  QUALITIES  OP  STONES.  


 r^T~^7^^^^^^ri^i^own    sulphuric  and  sulphurous 

should  be  carefully  ascertained     In  inost  la  ^^.^^     ^^^^  ^^.^^^^^^ 

acids,  carbonic  acid,  f  ^^^^^^^  niosJ  intimate  connection 

contained  in  the  atmosphere  and  a  e  thus  bro  ^^^^^^  ^^^^^^  ^^^^^.^^ 

.vith  the  stone.    Decomposition  is  the  ^^^^^^'^'l^^^^^^      extent.    The  stone  of 
carbonate  of  lime  or  — VL^ro    ~         ^^^^  -  ^  — 
.vhich  a  considerable  part  o    ^^^  f  ^Zlden  atmosphere  of  London  produces  on 
limestone  of  an  inferior  kind,    ine  ^"^o^'^  i,  '    .    ^  ^.x   .^i^ich  is  washed 

its  surface  a  soluble  sulphate  of  magnesia  (Epsom  sa  ts, 

such  lamentable  failure  at  the  Houses  of  Parliament 

As  a  rule  it  is  desirable  that  aU  stone  used  in  building  should  be  laic   on  its 
natitl  bed    thlt  is  to  say,  that  it  should  be  laid  as  nearly  as  possible  m  the  exa 
^  Znt  which  it  was  oiginally  deposited  in  the  quarry.    The  -on  f^^^ 
not  far  to  seek.    All  limestones  and  sandstones  belong  to  what       ^j-n  as  se^^^ 
mentaiT  rocks.    The  atoms  of  which  they  are  composed  were  originally  deposited 
rSie  bottoms  of  seas,  lakes,  or  estuaries  of  varying  depths  ^nd  jde-^^^^^^ 
conditions.    They  are,  therefore,  more  or  less  '^^^^f^l^'f"^^^^^^^^^ 
planes  of  stratification  are  placed  at  right  angles  to  the  beds  of  the  ^^asonry 
Sere  is  a  tendency  to  scale  off  by  the  action  of  rain  and  frost.    It  - 
to  ascertain  the  oi'ginal  position  of  the  stone,  as  it  by  no  means  ^ollo^^^^  th. 
plane  of  deposition  is  horizontal.    Many  rocks  are  tilted  up  at  a  very  con  idei  able 
an^le  by  disturbances  subsequent  to   the  period  of   formation;   the  lines  o 
lamination  are,  therefore,  many  degrees  from  horizontal.     It  is  these  lines  o 
lamination  which  must  form  the  horizontal  bed  of  the  stone,  whatever  be  their 
present  angle  of  inclination.  _ 

This  rule  is  not  appUcable  to  granites  or  other  metamoi-phic  stone,  nor  to  some 
of  the  more  homogeneous  kinds  of  sedimentary  rocks,  as,  for  instance,  the  millstone- 
grit,  which  can  be  laid  in  any  position.  It  is  also  obvious  that  in  the  case  ot 
window  mullions  of  great  length  the  stone  cannot  always  be  laid  on  its  natural  bed. 

The  various  tests  by  which  the  characteristic  features  of  a  stone  may  be 
ascertained  cannot  be  minutely  described  here.  It  will  be  sufficient  for  our  purpose 
to  point  out  a  few  of  the  leading  features  for  observation.  "Speaking  generally, 
in  comparing  stones  of  the  same  class,  the  least  porous,  most  dense,  and  strongest, 
will  be  most  durable  in  atmospheres  which  have  no  special  tendency  to  attack  the 
constituents  of  the  stone."*  The  capacity  for  absorption  and  resistance  to  crushing 
are  tests  of  some  value,  especially  the  former.  Various  other  tests  are  available, 
but  it  is  scarcely  within  the  scope  of  the  present  work  to  enumerate  them. 

The  uses  to  which  stone  is  applied  in  domestic  buildings  may  be  divided  into 
three  classes :  — 1.  Pm-ely  ornamental  purposes;  2.  Constructive  purposes;  3. 
Pioofing. 

For  ornamental  purposes,  granite,  and  the  numerous  stones  which  are  capable 
*  "Notes  on  Building  Coustruotion,"  Part  IIL 
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Of  receiving  a  high  polish,  and  are  classed  under  the  comprehensive  term  of 
marbles,  ofie.^  a  vast  field  for  selection  for  such  purposes  as  chiL^Xes  pavin/ 

IrbT.  nf  7  }T  7^"'"  ^""^""^  q-^^-ries  to  the  black 

■     h  os  fron/  ^'^  very  expensive  paving  can  be  made  from  the 

chips  irom  a  marble  mason's  studio.  An  instance  of  this  kind  of  pavmg,  made  bv 
the  female  convicts  at  Woking  Prison,  may  be  seen  at  South  Kensington  Mreum  ^ 

suscenHM     f  V  ^  """"'^  P^^^oses  of  late  years,  and.  beii.g 

susceptible  of  a  high  polish,  and  being  also  (with  few  exceptions)  of  a  most  durable 
nature,  is  of  considerable  value,  both  for  its  ornamental  and  constructive  qualities 
The  great  cost  of  working  and  also  of  transit  must  always  tend  to  limit  the  use 
of  granite  to  buildings  of  the  larger  kmds.  It  is,  however,  used  in  Aberdeen 
and  other  places  in  the  immediate  localities  of  the  quames  very  extensively  as  a 
bulk  mg-stone  In  Brittany  also  many  of  the  old  churches  are  built  of  granite, 
and  the  mouldings  and  tracery  are  as  clear  and  perfect  as  the  day  they  were  cut 

As  a  cheap  imitation  of  black  marble,  enamelled  slate  is  frequently  used  for 
chimney-pieces  and  other  purposes;  very  fair  imitations  of  other  marbles  are  also 
produced  in  this  material  at  much  lower  cost  than  the  real  marbles. 

The  stone  known  as  Serpentine,  for  indoor  work,  is  scarcely  to  be  equalled 
tor  variety  and  beauty  of  colour  and  figure.  The  well-known  Connemara  marble, 
or  Irish  Green,  the  red  and  mottled  varieties  of  Lizard,  and  the  "  Verde  antique  " 
of  the  ancients,  all  belong  to  this  class  of  stone. 

The  use  of  marble  or  granite,  to  any  great  extent,  for  architectural  purposes, 
must  of  necessity,  from  its  cost,  be  confined  to  the  more  expensive  kinds  of  houses. 
Judiciously  applied,  however,  a  small  quantity  of  polished  granite  or  marble 
might  advantageously  take  the  place  of  the  coarse  and  badly-executed  stone-carvin'r 
so  much  aflected  by  the  speculating  builder.  ° 
For  constructive  purposes,  stone  is  used  in  walls,  floors,  window-sills  and  heads, 
columns,  steps,  copings,  and  so  forth.  In  places  where  good  building-stone  is 
indigenous,  it  is  usually  the  most  economical  material  for  walls  avaUable  ;  hence 
it  -sviU  be  found  used  for  the  humblest  possible  purposes,  as  pigsties  and  garden 
Avails.  In  other  places,  where  good  bricks  are  available  and  are  less  costly  than 
stone,  the  latter  material  will  be  found  to  be  confined,  except  in  cases  Avhere 
expense  is  not  studied,  to  such  uses  as  sills,  copings,  steps,  dressings,  ifec. 

The  principal  difficulty  attending  the  use  of  stone  as  a  material  for  the  walls 
of  a  dwelling-house  is  that  of  keeping  out  the  Avet.  As  a  protection  from  injury 
from  this  source,  it  is  usual  in  many  places  (parts  of  Somersetshii-e  and  Devon- 
shii-e,  for  instance)  to  build  the  walls  of  gi-eat  thickness.  Where  stone  is  cheap 
there  are  great  advantages  accruing  from  this  custom,  one  of  which  is  that  a  house 
constnicted  in  this  manner  is  more  likely  to  be  cool  in  summer  and  warm  in 
Avinter,  approaching,  in  fact,  to  a  uniform  temperature. 

In  the  neighbourhoods  of  largo  towns  brick  is  the  material  most  commonly 
used  for  the  walls  of  houses,  and  the  use  of  stone  is  confined  to  the  accessories 
mentioned  above.  It  is  here  that  it  becomes  most  necessary  to  exercise  care  and 
attention  in  the  selection  of  the  stone  to  be  used,  because  it  will  be  found  that 
the  positions  in  Avhich  stone  is  employed  arc  precisely  those  most  afiected  by  the 
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ga.cleu  .vails  of  .ecently-erected  houses       ^  ^.  J^^^  tLa.u.g  of 

r  LiS:;  —  ^  Z  st^e  5se.  .em,  so.e  so.  M..le 

stone  frbay  w  nLvs  and  porches  to  houses  of  as  low  a  rental  as  £30  a  year 
^on   ob^ct  beh.g  to  attract  purchasers  by  as  showy  an  appea— P^^^^^^^^^^  ' 
no  care  is  taken,  nor  indeed  would  the  expense  warrant  care  being  taken  to 
sele  t  a  duraCle  s  o^    The  consequence  necessarily  is  that  before  the  houses  ha.e 
^^n  ocTX^  many  months,  the  stone  begins  to  show  signs  of  premature  decay 
tsLcesTol  be 'given  o^  stonework  of  this  description  havxng  to  be  coated 
with  a  protective  solution  before  the  house  was  completed. 

For  all  ordinary  purposes  in  London  and  the  neighbourhood,  Portland  stone 
is  undoubtedly  the  best-wearing  stone  to  be  had.    It  certainly  stands  the  test  o 
London  smoke  better  than  any  other  ;  evidences  of  this  are  to  be  f ouiuUn  Pan 
Cathedral,  and  most,  if  not  all  the  City  churches,  erected  by  Sir  Christoi^ei  \Wi 
after  the  Great  Fire.     The  care  which  Wren  exercised  m  selecting  the  blocks 
for  actual  use  is  evidenced  to  this  day  by  the  blocks  discarded  by  him  still  lying  m 

the  quarry.  .         ,  .  ,    •  i  ti- 

Bath  stone  is  very  considerably  used  for  both  exterior  and  interior  work,  it 
varies  very  gi-eatly  in  quality,  and  much  care  should  be  exercised  m  its  selection. 

For  landing-steps  and  paving,  Yorkshire  stone  is  extensively  used,  ihe  liucr 
and  harder  varieties  make  good  and  durable  stone  sinks. 

Several  other  varieties  of  stone  are  available  for  use  in  building,  as  the  red  and 
grey  Mansfield,  Kentish  Bag,  Tisbury,  and  others.  It  will,  however,  usually  be 
found  that  most  kinds  of  stone  can  only  be  economically  used  in  the  neighbourhood 
of  their  respective  quarries. 

As  regards  the  fire-resisting  qualities  of  stone,  it  may  be  taken  as  a  fact  that 
limestone  is  more  fireproof  than  sandstone.  In  an  experiment  made  after  the 
destruction  by  fire  of  old  Doncaster  Church,  it  was  found  that  while  a  large- block  of 
sandstone  flew  to  pieces  after  being  placed  in  a  fire  but  a  short  time,  a  similar  block 
of  limestone  was  only  superficially  calcined  after  twenty-four  hours'  exposure  to  the 
flames.* 

Limestones  also  were  recommended  by  the  commissioners  fo-r  selecting  the  stone 
for  the  Houses  of  Parliament,  in  preference  to  sandstones,  "  on  account  of  then- 
more  general  uniformity  of  tint,  their  comparatively  homogeneous  structure,  and 
the  facility  and  economy  of  their  conversion  to  building  purposes." 

Of  late  years  several  kinds  of  artificial  stone  have  been  introduced,  many  of 
them  of  great  beauty  and  fineness  of  texture.  Their  wearing  qualities  cannot, 
however,  be  spoken  of  with  any  certainty,  while  their  great  cost  renders  them  at 
present  unavailable  for  ordinary  work. 

The  last  class  of  stone  to  bo  mentioned  comprises  those  used  for  roofing  purposes. 
Under  this  head  are  to  be  found  slates  and  tile-stoncs. 

The  oi-dinary  slate  used  for  roofing  purposes  is  an  altered  form  of  clay  of  tine 
texture,  originally  deposited,  in  all  probability,  as  a  fine-grained  silt,  and  subse- 

*  Beckett,  "  Book  on  Building." 
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quent  y  subjected  to  enormous  compression,  which  produced  the  laminated  structure 
01     cleavage    which  is  a  marked  characteristic  of  this  kind  of  rock.    The  special 

planes  °  ^^'^         "^^'"'^  'P^* 

The  planes  of  cleavage  are  either  at  right  angles  to  or  parallel  with  the  bed 
of  the  rock.  In  the  former  case  the  slate  is  used  for  roofing  purposes,  and  in 
the  latter  as  slabs  for  paving.  The  thicker  bedded  varieties  are  used  for  billiard 
and  other  tables,  cisterns,  chimney-pieces,  baths,  and  other  purposes  where 
solid  slabs  are  required.  Slate  slabs  are  comparatively  of  very  considerable 
strength;  "the  strength  of  slate  one  inch  thick  is  considered  equal  to  that  of 
Portland  stone  five  inches  thick."*  Any  size  up  to  six  or  eight  feet  in  length, 
and  from  one  to  three  inches  in  thickness,  can  be  readily  obtained.  Greater 
sizes  than  these  are  more  costly  in  proportion.  The  slabs  can  be  finished  with 
a  sawn  face,  or  they  can  be  planed,  polished,  or  enamelled.  The  latter  process 
consists  of  first  painting,  then  baking,  then  painting  again  to  the  colour  or 
pattern  required,  then  covering  with  a  coating  of  enamel;  the  slab  is  then 
baked  and  rubbed  doAvn  several  times  alternately,  and  finally  polished. 

The  Welsh  slates  are  usually  considered  the  best,  and  of  these  the  best  known 
come  from  Bangor  and  Penrliyn.  The  Penrhyn  slate-quany  is  half  a  mile  in 
length  and  a  quarter  of  a  mile  in  width,  and  the  slate  is  worked  in  large  terraces, 
some  thii-teen  in  number,  "  like  the  steps  of  a  Titanic  stair."  More  than  three 
thousand  men  are  there  employed  in  the  making  of  slates,  which  are  exported 
to  all  parts  of  the  world,  t 

English  slates  are  thicker  and  coarser  than  those  from  Wales.  Good  slates 
of  a  green  tint  are  quarried  in  Cumberland ;  and  durable  slate  slabs  come  from 
Delabole,  in  Cornwall. 

Irish  slates  are  of  several  qualities,  the  best  being  similar  to  the  Welsh.  Some 
writers  consider  them  superior  in  toughness  to  Welsh  slates. 

Scotch  slates  are  very  durable,  though  coarse.  They  often  contain  a  large 
proportion  of  iron  pyi-ites,  which  does  not  seem  to  militate  against  their  wearing 
qualities.    The  best  Scotch  slate  comes  from  Ballachulish  in  Argyleshire. 

Tile-stones  are  thin  bedded  sandstones,  formerly  largely  used  for  roofing  pur- 
poses. They  are  still  used  in  some  parts  of  the  country  (Devonshire,  Gloucester- 
shire, and  Westmoreland),  tvhere  they  are  cheaper  than  slate,  and  being  much 
thicker  than  slates  have  the  great  advantage  of  protecting  the  interior  of  a  house 
from  excessive  heat  and  cold.  The  j^rincipal  drawback  to  their  use  is  their  great 
weight  compared  to  that  of  ordinary  slates. 

*  Papworth. 

t  Kanisay,  "Physical  Geology  and  Gcoiprapby  of  Great  Biitain,"  5th  eJ.,  p.  50J. 
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CHAPTER.  IV. 

ROOFS    AND  ROOFING. 

Not   the   least   important   part   of   a  house  is  the  roof.    A  house  ^vith  an 
imperfect  roof  is,  as  most  householders  know  to  their  cost,  a  constant  source  of 
trouble  and  expense.    Who  does  not  dread  being  obliged  to  have  workmen  on  the 
roof  from  the  firm  conviction  that  they  will  damage  as  much  as  they  go  to  repair. 
Roofs,  like  foundations,  cannot  readily  be  thoroughly  examined  by  mtendnig  pur- 
chasers, and  consequently  they  afford  opportunity  for  neglectful  work  on  the  part  of 
the  speculating  builder;  and  yet  the  comfort  of  a  house  very  largely  depends  on  the 
roof    It  may  fail  to  keep  out  the  driving  rain  and  snow,  or  it  may  allow  such  an 
accumulation  of  snow  that  on  a  thaw  taking  place  the  water  is  unable  to  get  away 
as  rapidly  as  it  ought,  and  it  consequently  overflows  the  gutters.    The  roof  may  be 
so  constructed,  moreover,  as  to  allow  the  interior  of  the  house  to  be  inconveniently 
affected  by  the  temperature  of  the  external  atmosphere,  and  also  by  the  noise  ot 
rain  or  haU.    In  fine,  a  house,  to  be  thoroughly  comfortable,  must  have  not  only 
good  and  wholesome  foundations  and  substantial  walls,  but  a  thoroughly  good  root. 
These  three  parts  of  a  house-the  foundations,  the  walls,  and  the  roof-are  obviously 
of  the  utmost  importance  in  every  way,  and  in  each  of  them  goodness  of  material 
and   of  workmanship  is  indispensable,  if  they   are   to  answer  their  purpose 
efficiently  and  satisfactorily. 

Roofs  are  generally  covered  with  slates  or  tiles,  but  other  materials  are 
occasionally  used.  In  many  localities,  where  suitable  stone  is  to  be  found,  thm 
slabs  are  adopted.  Zinc,  lead,  and  even  copper  are  also  used  under  some 
circumstances;  thatch  is  used  in  rural  districts;  and  tarred  felt  for  many 
temporary  buildings. 

The  slope  for  a  roof  will  depend  upon  the  material  with  which  it  is  intended  to 
cover  it.  It  will  be  readily  perceived  that  a  metal  covering,  in  which  the  joints 
are  specially  formed  and  are  comparatively  few  and  far  between,  may  be  almost 
flat,  needing  only  just  sufficient  inclination  to  cause  the  rain-water  to  flow  away. 
Slab  slates  of  large  size  may  be  laid  with  an  inclination  of  about  22  degrees,  while 
ordinary  slating  should  have  an  inclination  of  not  less  than  about  2G  degrees. 
Stone  slabs  and  tiles  of  various  descriptions  are  more  porous  than  slates,  and  do 
not  allow  water  to  run  off  so  freely ;  they,  therefore,  need  an  inclination  of  about 
30  degrees  with  the  horizon,  while  thatch  should  have  45  degrees  of  inclination. 

Slates,  like  other  building  materials,  differ  considerably  in  quality.  The 
characteristics  of  a  good  roofing-slate  are  hardness,  fineness  of  grain,  and  small 
capacity  for  absoi-ption.  A  brittle  slate  will  crack  and  scale  off  at  the  edges  when 
it  is  squared,  and  will  easily  break  with  uneven  pressure  when  in  position  on  a 
roof.  A  soft  slate  will  readily  absorb  moisture,  the  nail-holes  will  enlarge,  and 
finally  the  slate,  in  all  probability,  drops  off.  A  good  slate,  if  immersed  for  a  few 
hours  in  water  up  to  half  its  lengtl',  should  not  show  any  signs  of  moisture  above 
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the  water-line.  Another  common  test  of  a  good  slate  is  its  smell.  If  it  emits  a 
clayey  smell  when  moistened  or  breathed  upon,  it  is  said  to  be  not  capable  of 
resisting  the  action  of  the  weather.  Implicit  reliance,  however,  should  not  be 
placed  on  any  one  of  these  tests.  The  grain  or  texture  of  a  slate  is  readily  seen, 
and  if  the  slate  be  of  a  fine  and  even  texture,  without  streaks  or  veins,  it  may 
generally  be  regarded  as  of  good  quality.  Slates  with  veins  or  dark  streaks 
running  in  the  direction  of  the  length  should  be  rejected,  as  the  slate  in  that  case 
is  almost  sure  to  split  along  the  vein.  A  good  slate  should  give  a  clear  metallic 
ringing  sound  when  struck. 

The  slates  used  for  ordinary  roofing  purposes  are  cut  in  the  quarries  to  various 
sizes,  which  are  known  technically  as  "Empresses"  (26  by  15  inches),  "Princesses" 

{2i  by  14  inches),  "Duchesses"  (24 
by  12  inches),  "Marchionesses"  (22 
by  11  or  12  inches),  "Countesses"  (20 
by  10  inches),  "Viscountesses"  (18  by 
9  or  10  inches),  "Ladies"  (varying 
from  16  by  10  inches  to  14  by  7 
inches),  "Doubles"  and  "Smalls" 
(about  12  by  6  inches).  There  are 
also  some  slates  of  large  size  knoAvn  as 
"Imperials,"  "Eags,"  and  "Queens," 
but  these,  which  have  a  surface  of 
from  five  to  six  square  feet,  are  not 
often  used.  1 

The  size  most  generally  used  is 
"  Countess."  The  thickness  of  a  good 
Countess  slate  is  about  one-sixth  of  an 
inch. 

Good  slating  should  be  laid  with  a 
three-inch  lap,  that  is,  each  row  of 
slates  should  overlap  the  head  or 
iipper  part  of  the  second  row  below 
it  by  three  inches  (Fig.  18).  This  is  a  very  important  point  in  slating  a  roof,  for 
if,  as  is  sometimes  the  case,  the  lap  be  only  about  one  and  a  half  or  two  inches,  a  strong 
wind  will  drive  the  rain  or  snow  under  the  slating.  Tlie  slates  ought  to  be  laid  on  board- 
ing, and  if  it  be  desired  to  protect  the  interior  of  the  house  from  the  efiects  of  heat  and 
cold  on  the  roof,  it  is  useful  to  interpose  a  layer  of  felt  between  the  boarding  and  the 
slates.  Where  expense  is  an  object,  laths  are  substituted  for  the  boarding ;  but  this  is 
not  a  veiy  judicious  method  of  forming  the  roof,  as  the  laths  do  not  afibrd  such  a 
uniform  support  for  the  slates,  and  consequently  the  slates  are  more  liable  to 
damage  by  any  one  having  to  go  on  the  roof.  Slate  laths,  moreover,  do  not 
preserve  an  even  temperature  within  the  building  as  is  the  case  with  boarding,  nor 
do  they  in  any  degree  deaden  the  sound  of  heavy  rain  and  hail.  When  laths  are 
used  it  is  necessary  to  point  the  underside  of  the  slates  with  hair  mortar— a  process 
technically  termed  "  torching  "—in  order  to  prevent  the  wind  blowing  through  the 
joints  and  causing  the  slates  to  rattle,  and  carrying  with  it  rain  and  snow.  Slates  are 
fixed  in  their  places  with  nails  of  copper  or  zinc.    Sometimes  nails  of  a  composition 
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c^ri  oiifl      vprv  inferior  work  iron  nailfs  are  used.  Copper 
of  copper  and  to  a..  ^^^^^  ordinary  purposes,  and 

n,ul.  are  t  >ebe.t  but  zinc  an^^^  ^^.^  ,l,te 

hips  are  used,  and  ^yllere  expense  is  an  object,  tile  ua  m  p 

rid. in.  has  been  used  with  good  effect  on  green  slating     It  ^eq^i^es  ca  e  lu 

manufacture  and  the  joints  are  pointed  with  cement  coloured  with  red  bnck-dust. 

Thet  S^^^  and  gutters  may  be  formed  of  lead,  or  in  cheap  woij  of  zinc.  Lead 
or  zinc  i:  alL  used'for  the  flashings,  which,  as  previously  ^--bed  are  fixed  at 
the  angles  formed  by  the  slating  with  the  brickwork,  m  order  to  prevent  the  wet 
gettig^  there.    Cement  is  likewise  used  for  this  pm-pose,  but  is  a  very  m- 

different  substitute  for  lead.  ,•     -i    "     j  „^r.finor 

Tiles  are  formed  of  baked  clay-earth,  and  those  orduiarily  used  for  loofing 
are  known  as  plain  tiles  and  pan  tiles.  The  former  are  flat  and  measure  about 
ten  and  a  half  inches  by  six  and  a  quarter  inches  and  are  rather  more 
than  half  an  inch  thick.  They  liave  two  holes  in  them  for  oak  pins,  wit 
which  they  are  fastened  to  the  laths.  Pan-tiles  are  ot  Dutch  introduction,  and 
measui-e  about  fourteen  and  a  half  inches  by  ten  and  a  half  inches.  They  are  of 
a  bent  form,  having  transversely  both  a 
convex  and  a  concave  surface,  so  as  to 
overlap  each  other  laterally.  They  are 
hung  on  the  laths  by  a  projecting  knob 
at  the  back.  Other  tiles  of  more  or  less 
ornamental  character  are  occasionally 
used,  such  as  flat  Italian  tiles,  having  No.  19.-Patent  Roofing  Tiles, 

raised  edges  along  the  sides  to  receive  a     ■  .    p      i,  • 

coverin-  row,  or  a  row  of  covering  tHes,  and  along  the  top,  to  prevent  ram  from  being 
driven  Tip  under  them  (Fig.  19).  Corrugated  tiles  are  likewise  now  frequently  used 
Metal  coverina  is  chiefly  used  for  flat  roofs.  Lead,  from  its  durability,  as  well 
as  from  the  facility  with  which  it  can  be  worked,  is  probably  the  most  suitable 
material  for  the  purpose,  but  it  is  heavy,  and  involves  considerable  strength  m  the 
timbers  upon  which  it  is  carried.  Copper  is  so  rarely  adopted  m  this  country 
that  its  use  need  scarcely  be  described  Zinc,  in  recent  years,  bas  been  largely 
used,  both  as  a  covering  material  and  for  ornamental  work.  It  is  much  lighter 
and  cheaper  than  lead,  and  its  manufacture  has  of  late,  as  is  alleged,  been  so  far 
improved  that  its  durability  is  greatly  increased.    Both  lead  and  zinc  are  laid  in 

widths,    with    the  edges 

/^^^   dressed  over  a  wooden  roll. 

.     ■   ■   ^'""^  ,       '   r  -   :  The  circular  rolls  in  Figs. 

C(y  i  O  a  and  c  (Fig.  20)  are  best 

Pig.  20.-Lcaa  ana  Zinc  Joints.  adapted  to  lead-work,  and 

the  angular  roll  in  Fig.  6  to 

zinc-work.  This  method  has  to  be  adopted  in  preference  to  fixing  with  solder  or  nails, 
in  order  that  the  metal  may  have  a  little  space  to  expand  and  contract  in,  and  also 
because  nails  have  to  be  avoided  as  far  as  possible,  on  account  of  the  galvanic 
action  that  would  result  in  the  destruction  of  both  materials.    Lead  for  rooting 
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should  be  what  is  called  milled — that  is,  rolled  out  into  sheets — and  where  it  is 
likely  to  have  much  walking  on  it,  it  should  be  of  a  substance  known  as  six 
pounds  or  seven  pounds  to  the  foot  superficial.  For  places  where  there  is  no 
traffic  five  pounds  to  the  foot,  or  even  four  pounds  will  suffice.  It  measures 
about  -017  of  an  inch  in  thickness  to  the  pound  weight  per  foot  superficial. 

Zinc,  such  as  is  ordinarily  used  for  roofing,  weighs  from  nineteen  ounces  to  ! 
twenty- six  ounces  to  the  superficial  foot.    It  is  most  important  that  zinc,  when 
used  for  roofs,  should  be  very  carefully  laid,  and  instructions  on  the  subject  are  ' 
issued  by  the  principal  zinc  manufacturers  for  the  guidance  of  builders.  \ 

Thatch  makes  a  most  comfortable  roof.  It  protects  the  interior  of  the  house 
from  extremes  of  warmth  and  cold,  and  is  far  more  picturesque  than  slates,  but  for  | 
sanitary  reasons,  elsewhere  referred  to,  it  is  not  to  be  commended.  It  is,  however,  • 
rapidly  giving  place  to  other  materials,  mainly  on  account  of  its  being  comparatively 
much  less  durable,  and  subject  to  injury  by  birds;  and  also  because  of  the  greater 
danger  of  fire,  for  in  dry  weather  it  would  be  easily  ignited  by  sparks  from  a  chimney. 
It  is'  usually  about  fourteen  or  sixteen  inches  thick,  and  will  last  from  fifteen  to 
twenty-five  years.  It  lends  itself  readily  to  all  kinds  of  irregularities  in  the  roof,  and 
hence  dormer  windows  arc  easily  formed  in  thatched  roofs,  and  add  to  the  picturesque- 
ness  of  this  mode  of  ^construction.    Sometimes  cottages  are  met  with  in  rural  districts 


Thatched  CoiTAaE  at  Tisbuky. 


that  have  an  almost  grotesque  appearance,  owmg  to  the  manner  in  which  the 
dormers  are  found  in  the  thatch.  In  the  annexed  illustrations  of  two  old  cottages 
at  Tisbury  in  Wiltshire  one  can  almost  trace  the  features  of  grotesque  faces. 
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Thatched  Cottage  at  Tisburt. 

placed  against  the  eaves  or  the  parapet.  A  long  ladder,  at  best,  is  an  inconvenient 
thing  to  place  against  the  roof,  and  may  inflict  damage  on  the  eaves ;  while  it  is  not 
always  easy  to  procure  one  when  wanted.  Access  to  the  roof  should  be  by  a 
dormer,  mth  a  step-ladder  leading  thereto,  and  fixed  in  its  place,  so  as  always  to  be 
available  when  wanted.  Trap-doors  following  the  slope  of  the  roof  are  always 
inconvenient,  and  very  frequently  let  in  rain.    In  lofty  and  high-pitched  roofs  iron 


hooks  may  with  advantage  be  fixed  at  intervals,  as  in  Fig.  21,  on  wliich  to  secure 
the  ladders  used  in  repairing  the  slating  or  tiling. 

The  down  spouts,  for  carrying  away  rain-water  from  the  roofs,  should  be  fixed  two 
or  three  inches  away  from  the  wall  (Fig.  22),  in  order  that,  in  the  event  of  their 
becoming  stopped  and  overflowing,  the  water  may  not  run  dovm  ai^d  soak  into  the  wall. 
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CHAPTER  V. 

ARRANGEIIKNT  AND  PLANNING. 

Difficulties  in  planning  Small  Houses-Cottages-Small  Suburban  Houses- Tlieir  Common  Deficiencies 
-The  Small  Semi-tletachecl  Villa— Large  Houses— Essentials  in  planning  Houses  of  any  Class. 

"  Houses,"  says  Lord  Bacon,  "  are  buUt  to  live  in,  not  to  look  on ;  therefore  let  use 
be  preferred  before  uniformity,  except  where  both  may  be  had."  The  fundamental 
principles  of  house-planning  could  hardly  be  more  succinctly  stated.  The  primary 
objects  to  be  attained  in  aixanging  the  various  parts  of  a  house  are  the  health  and 
comfort  of  the  inmates.  These  two  considerations  are,  indeed,  so  intimately  con- 
nected with  each  other  that  it  may  Avith  justice  be  affirmed  that  a  house  in  which 
the  arrangements  are  in  accord  Avith  the  laws  of  health  will  also  be  a  comfortable 
one  to  live  in. 

Upon  the  way  in  which  the  various  rooms  and  appurtenances  of  a  house  are 
arranged  depends  very  largely  the  comfort  and  health  of  the  inmates ;  and  this  is 
true,  not  only  of  large  mansions,  but  also,  and  perhaps  even  more  so,  of  the  smallest 
cottage.  The  more  limited  the  space,  the  more  necessary  it  becomes  to  utilise  to 
the  best  possible  advantage  every  available  inch.  It  is,  however,  unfortunately, 
more  the  rule  than  the  excej)tion  that  in  houses  where  space  and  outlay  are  con- 
fined within  the  narrowest  possible  limits,  the  skill  and  thought  devoted  to  making 
the  best  possible  use  of  both,  are  of  the  most  meagi-e  description.  The  long  rows  of 
small  houses  constantly  springing  up  in  tlie  outskirts  of  our  large  commercial  and 
manufacturing  towns  might  almost  have  been  made  in  some  huge  mould,  so  exactly 
is  every  fault  both  of  construction  and  planning  repeated  with  unerring  regularity 
hx  house  after  house.  The  one  idea  that  is  pi'ominent,  the  one  thought  that 
l?ervades  the  whole,  is  how  to  build  houses  sufficiently  attractive  to  sell,  without 
regard  to  durability,  to  comfort,  or  to  health.  The  result  of  such  a  system  is,  as 
might  be  expected,  a  dismal  uniformity,  a  persistent  repetition  ad  nauseam  of  a 
design  which,  if  it  were  as  good  as  it  is,  as  a  rule,  bad,  would  become  intensely 
monotonous  if  repeated  without  break  or  relief  throughout  both  sides  of  an 
ordinary  street. 

In  the  most  elemeutaiy  type  of  house,  the  country  labourer's  cottage,  the 
planning  is  a  matter  of  extreme  simplicity ;  a  living-room,  a  kitchen  and  a  wash- 
house  on  the  ground  floor,  and  three  bedrooms  above,  together  with  some  small 
recess  or  closet  for  larder,  and  a  fuel-store  and  eai-th-closet  in  the  garden,  comprise 
the  whole  of  the  needful  accommodation;  and  to  ai-range  these  in  a  manner 
consistent  with  convenience,  decency,  and  health,  is  no  very  difficult  matter.  The 
area  and  height  of  the  various  rooms  will  of  necessity  be  small ;  all  the  more 
necessary  is  it  therefore  to  so  dispose  the  several  parts  that  the  greatest  possible  use 
is  made  of  the  space.  A  cupboard  contrived  under  a  staircase,  fireplaces  in- 
geniously dovetailed  into  each  other,  and  perhaps  a  projecting  window  judiciously 
placed,  add  immeasurably  to  the  comfort  of  the  inmates  without  increasing  the  cost. 
The  common  fashion  of  entering  the  staircase  only  from  one  of  the  living-rooms  is 
not  to  be  commended ;   it  is  always  possible  so  to  arrange  that  tlie  staircase  is 
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aPP^'o-e.  .0.  some  "~  «^ 

r."..  many  count.,  cottages  is  U.e  ^Wdly -f^^^^^^^^ 
.vindows  orioinally  due,  in  all  probability,  to  tbe  imposition  of  the  windo.v  tax 
•e^s  Tf  Sch  may  fr  quently  be  seen  to  this  day  in  blocked-up  >vnidows ,  the 
same  nanw  dimenLns'are  stUl  preserved  as  if  the  tax  were  stiH  in  foi.e^  and 
glass  were  still  as  expensive  as  of  yore.    Good  wide  windows  with  p^en^  of 
capacity  of  opening,  are  at  least  as  necessary  to  the  cottage  as  to  the  mansion 
and  the  means  of  opening  and  closing  them  should  be  as  simple  and  strong  as 

Another  familiar  and  picturesque  feature  of  old  country  cottages  is  the  large 
and  roomy  chimney-corner,  or  "ingle  nook,"  in  which  there  is  frequently  room 
for  half  a  dozen  people  to  sit  by  the  fire  with  comfort.  It  has  migi-ated  from  the 
labourer's  cottage  to  the  lord's  mansion,  where  it  is  reproduced  with  all  the  luxu- 
rious appliances  of  carved  oak  settles,  wrought  brass  and  iron  "  andirons,  and  little 
stained-glass  windows.  The  enormous  mass  of  brickwork  can  no  longer  be 
economically  applied  to  a  cottage  which  is  to  be  let  at  a  rent  of  perhaps  three 
shillings  a  week,  and  gives  place  to  just  the  mere  amount  necessary  to  set  a  small 
range,  and  to  carry  the  chimneys  of  the  bed-rooms  above. 

It  is  advantageous  for  several  reasons  to  build  cottages  in  pairs;  it  is  economical, 
as  but  one  wall  will  serve  to  divide  the  two ;  one  well,  one  rain-water  tank,  and 
often  one  bakehouse  Avill  suffice  for  both  cottages.  The  chimneys  also,  by  being 
all  gathered  into  one  central  stack,  will  draw  better  than  if  b-uilt  independently  on 
an  outside  wall,  and  the  heat  from  them  will  benefit  the  inmates  of  the  cottages 
instead  of  being  radiated  into  the  outer  air. 

A  useful  and  sometimes  a  necessary  adjunct  even  to  a  small  cottage  is  a  larder 
of  sufficient  size  to  serve  the  double  purpose  of  larder  and  dairy— this,  as  well  as 
the  wash-house,  and  perhaps  the  sculleiy,  may  be  floored  with  bricks  or  tiles,  but 
always  on  a  substratum  of  concrete. 

There  are,  of  course,  many  varieties  of  cottages  between  the  very  smallest,  which 
contain  but  four  rooms,  and  the  largest,  but  the  ioregoing  remarks  apply  equally  to 
all,  the  difference  being  chiefly  in  the  matter  of  size. 

There  is  no  class  of  house  which  stands  in  so  much  need  of  improvement,  both 
in  planning  and  construction,  as  the  small  suburban  six  or  eight-roomed  house. 
While  thoughtful  and  philanthropic  landowners  have  for  some  years  past  spared  no 
pains  to  render  the  homes  of  their  labourers  as  healthy  and  attractive  as  possible ; 
while,  under  the  intelligent  care  of  great  manufacturers,  towns  like  Saltaire  and 
Akroydon  have  been  built  with  every  appliance  possible  for  conducing  to  the  moral 
and  physical  well-being  of  their  workpeople,  the  dweller  in  the  smaller  kind  of 
suburban  villa,  which  is  really  but  a  step  removed  from  a  cottage,  is  entirely  at 
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the  mercy  of  the  speculating  builder.  Compelled  by  the  exigencies  of  his  occupa- 
tion to  live  withm  a  certain  radius  of  the  scene  of  his  daily  work,  and  limited  in 
nis  choice  of  locality  by  considerations  of  cost,  the  hard-worked  city  clerk  has  no 
option  but  to  take  what  is  provided  for  him;  go  where  he  will  he  finds  but  a 
repetition  of  the  same  thing  dressed  up  in  a  different  garb. 

In  the  class  of  house  now  under  consideration  there  is  practically  not  very  much 
scope  for  variation;  it  is  on  a  minute  attention  to  details  often  of  a  seemingly  trivial 
kind  that  success  in  planning  almost  entirely  depends ;  and  it  is  the  want  of  this 
attention,  and  the  utter  disregard  of  minutiae,  that  causes  the  endless  discomforts 
experienced  by  the  unfortunate  tenants. 

The  problem  to  be  solved  is  briefly  this  :  to  an-ange  upon  a  parallelogi-am  of 
land  about  16  feet  wide  and  about  100  feet  deep,  a  house  containing,  say  eight 
rooms,  Avith  the  necessary  adjuncts,  so  as  to  obtain  the  greatest  possible  space  at  the 
least  possible  cost.  It  is  obvious  that  in  certain  points,  as,  for  instance,  the  position 
of  the  front  door  and  the  staircase,  there  is  no  scope  for  variation.  It  is  not, 
however,  necessary  that  when  the  front  door  is  shut  the  entrance  passage 
should  be  wrapped  in  semi-darkness,  nor  that  the  staircase  should  be  so  tortuous, 
steep,  and  dark,  as  to  render  its  ascent  and  descent  a  feat  of  difficulty  and  danger 
to  young  and  old.  In  the  question  of  aspect  too,  the  builder  is  necessarily  tied  by 
the  direction  of  the  road ;  it  does  not,  however,  follow  that  the  houses  on  the  north 
side  of  a  road  running  east  and  west,  must  or  ought  to  be  identical  in  every 
respect  with  those  on  the  south  side.  Numberless  instances  could  be  adduced  of 
the  same  plan  being  repeated  on  both  sides  of  a  street,  with  the  result  that  on  one 
side  the  kitchens,  sculleries,  and  larders  have  monopolised  the  sunny  side  of  the 
houses ;  a  little  thought  and  a  departure  from  stereotyped  precedents  would  have 
obviated  such  an  absurd  arrangement.  A  feature  of  some  difficulty  in  planning 
houses  of  this  small  type  is  the  best  position  for  the  water-Joset.  Ordinarily  it 
is  placed  outside  the  house  at  the  extreme  rear,  and  this  for  purposes  of  drainage 
has  considerable  advantages.  This  arrangement  has,  however,  the  veiy  serious 
disadvantage  that  the  water-closet  is  approachable  only  through  the  open  air. 
The  best  position  on  the  whole  is  off  the  first  landing  of  the  staircase. 

Perhaps  the  most  serious  defect  in  point  of  accommodation  in  these  houses  is 
the  utter  absence  of  all  cupboard  and  storage  room.  Frequently  two  miserable 
little  closets,  one  on  either  side  of  the  fireplace  in  the  sitting-room,  and  a  few 
shallow  shelves  enclosed  with  a  door,  in  the  kitchen,  are  all  that  it  is  thought 
necessary  to  provide.  Of  course,  large  store-closets  and  linen-rooms  are  out  of 
the  question,  indeed  would  be  out  of  place,  but  some  provision  ought  undoubtedly 
to  be  made,  not  only  for  the  storage  of  a  moderate  quantity  of  provisions  (groceries 
and  the  like)  and  linen,  but  also  for  boxes  and  the  inevitable  "  lumber."  In 
most  cases  a  little  additional  strength  in  the  ceiling  joists  of  the  top  floor,  a  few 
rough  floor-boards,  and  a  step-ladder,  would,  at  a  very  small  additional  cost,  gi\e 
the  requisite  storage-room  for  boxes. 

The  kitchen  must  of  necessity  be  small ;  it  should  be  as  well  lighted  as  circum- 
stances will  permit,  and  the  common  plan  of  entering  the  garden  direct  from  the 
kitchen  should,  if  possible,  be  avoided.  Some  sort  of  scullery,  however  small,  must 
be  provided,  likewise  a  small  larder.  This  last  may  be  a  mere  cupboard  in  size,  but 
must  be  ventilated  into  the  outer  air,  and  the  ventilating  opening  must  not  be  in 
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day  occurrence.  t,„„«p  thp  semi-detached  villa  of  a 

'rri^''J^:'i:^^tZf^^^^'e  is  ve.^  n^ua  .ove 
rental  of  from  £50  to  Abo,  it  win  ui^  tl^nimlit  and  in<^enuity  usually 

.eope  for  variation  in  P'^-'^;,  ■"■^""^^^  Xtcl,naV  plan  of  a  London 
bestowed  on  the  arrangement  .s  J^rbasement'storey,  the  front 

:te'drs«n     t1  *    of  the  house  is  occupied  with  the  staircase  aru.  passage, 
.     r 'r"„,™rdi„<.  a  full  view  of  the  breakfast-room,  the  tradesman's  entrance 
ris    Un   "h  st  rs  is :  dark  closet,  tenani^d  by  a  misce—  collection  0 
opens,     unaei  .  ,  is  a  small  dark  scullery,  from  the 

^tr^^hoiliS^  n:i  airof  the  «n  unitedly  ^scend. 
Beyond  this  again  is  the  servants'  closet,  the  sole  means  of  ventilation  of  which  is 
^r^or  ;  of  means  of  lighting  there  are  none.  Ascendii^  the  stairs,  o^^e  ^r^^^ 
floor  will  be  found  dining-room  and  drawing-room,  probably  with  folding  doois 
between,  thus  rendering  them  for  all  practical  purposes  one  room,  and  a  «^all  third 
room.  Above,  on  the  first  floor,  are  two  bed-rooms  and  a  dressing-room,  on  the 
second  floor  three  bed-rooms,  whilst  off  the  half  space  will  be  found  a  bath-room  and 

a  water-closet.  j   .      n  .i  ^ 

The  practical  defects  of  this  plan  consist  first  in  the  arrangement  and  size  of  the 
sittin-rooms.  The  basement  room  is,  as  a  rule,  an  inconvenient  and  often  almost 
useles°s  apartment,  while  the  small  room  on  the  ground  floor,  right  enough  m  pomt 
of  position,  is,  in  point  of  size,  too  small  to  be  of  any  real  use. 

Again,  the  two  principal  sitting-rooms  are  not  of  sufiicient  size  for  one  to  be  used 
independently  of  the  other,  and  too  large  if  thrown  together  into  one.  The  remedy 
for  all  this  is  to  do  away  entirely  with  the  basement,  put  the  kitchen  and  scullery 
on  the  gi-ound  floor,  and  increase  the  size  of  the  sitting-rooms. 

The  house  will  cover  more  ground,  but  the  increase  in  comfort  and  convenience, 
and  the  economy  of  labour  effected  by  abolishing  the  basement  and  placing  the 
kitchen  on  the  same  floor  as  the  sitting-rooms,  will  usually  more  than  compensate 
for  the  loss  of  space  in  the  garden. 

A  good  arrangement  for  such  a  house  as  is  now  being  discussed  would  be  as 
follows  :  On  the  ground  floor  a  porch,  placed,  if  the  house  be  semi-detached,  at  the 
side,  would  give  access  to  the  entrance-hall.  The  porch  should  be  so  constructed 
that,  without  being  necessaiily  very  deep,  it  should  afford  shelter  from  driving 
rain.  Frequently  the  height  of  the  lintel  is  so  great  that  the  porch  is  literally  no 
shelter  whatever  ;  this  can  easily  be  remedied  by  forming  a  glass  screen^  of  just 
sufficient  height  to  afford  clear  headway,  but  low  enough  to  afford  protection  from 
rain  to  persons  waiting  in  the  porch. 

Inside  the  entrance  on  one  side  would  be  the  dining-room,  on  the  other  the 
drawmg-room  and  a  small  study  ;  adjoining  the  dining  room  a  small  pantry  and 
store-room  might  be  arranged. 

At  the  back,  and  approached  by  a  passage  which  might  be  shut  off  by  a  door  from 
the  front  part  of  the  house,  would  be  the  kitchen  with  scullery,  larder,  and  servants' 
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water-closet.  Upstairs,  on  the  first  floor  would  be  two  bed-rooms  and  a  dressing- 
room  in  the  main  portion  of  the  house,  and  a  small  bed-room  and  linen-closet  over 
the  kitchen.  On  the  second  floor  two  large  bed-rooms,  divisible  into  three,  if  re- 
quired, over  the  front  portion  of  the  house,  and  a  bafch-room  over  the  back  portion. 
Htilf  way  up  the  first  flight  of  stairs  would  be  the  water-closet  and  housemaid's 
closet. 

• 

The  success  of  such  a  house  depends,  however,  mainly  on  the  way  in  which 
apparently  unimportant  or  minor  details  are  worked  out.  By  arranging  two 
fireplaces  together,  by  forming  a  recess,  here  for  a  sideboard,  there  for  a  peram- 
bulator, and  by  providing  cupboards  in  sufficient  number  and  of  ample  size,  a  small 
house  may  be  made  to  yield  as  much  accommodation  and  more  comfort  than 
a  considerably  larger  one,  the  arrangement  of  which  had  not  been  as  carefully 
studied. 

ISTo  pai-t  of  a  house  is  worthy  of  more  thought  and  care  in  designing  than  the 
staircase,  and  no  time  spent  in  working  out  the  details  will  be  tliro^vn  away. 
As  an  instance  of  how  by  a  simple  expedient  the  bed-rooms  on  the  top  floor  of  a 
small  house  may  be  very  materially  improved,  the  house  at  Telford  Park,  illustrated 
later  on,  may  be  cited.  By  starting  the  upper  flight  of  stairs  opposite  the  lower 
flight  instead  of  returning  them  in  the  usual  way,  the  back  room  is  very  greatly 
improved,  and  at  the  sacrifice  of  only  a  small  part  of  the  front  room.  Again,  it  is 
the  almost  invariable  rule  in  suburban  villas,  small  and  large,  to  arrange  the 
staircase  so  that  it  faces  the  front  door.  It  will,  however,  frequently  be  found  a 
far  more  convenient  plan  to  place  it  the  other  way ;  it  will  be  found  to  admit  of  the 
formation  of  a  recess  in  which  to  stand  a  perambulator,  or  for  hats  and  coats,  and 
also  of  an  inner  lobby. 

The  position  of  the  water-closets  is  often  a  matter  of  some  difficulty,  especially 
in  the  smaller  classes  of  houses.  It  is  well-nigh  impossible  to  secure  that  amount 
of  privacy  which  is  desirable  when,  as  is  generally  the  case,  the  landing  of  the  stairs 
is  the  only  available  place  for  the  best  water-closet.  But  it  is  neither  necessary 
nor  desirable  to  carry  the  soil-pipe  down  one  corner  of  the  drawing-room  in  such  a 
manner  that  every  time  the  contents  of  the  basin  are  discharged  the  sound  of  water 
rushing  down  the  pipe  is  distinctly  audible  in  that  apartment. 

The  servants'  water-closet  may,  as  a  nile,  be  placed  outside ;  the  minor  incon- 
veniences of  having  at  times  to  approach  it  through  the  rain  is  more  than  counter- 
balanced by  the  decided  advantage  of  atmospheric  connection  between  it  and  the 
kitchen  being  efiectuaUy  cut  off". 

A  pantry,  however  small,  is  an  adjunct  of  the  greatest  value  to  a  house.  In  the 
larger  kinds  of  houses  it  may  be  enlarged  so  as  to  serve  both  for  china  and  glass 
and  as  a  store-room  for  the  mistress  of  the  house.  Its  place  sliould  be  within  a 
convenient  distance  of  the  dining-room,  and  always  on  the  same  floor.  When  the 
larger  kinds  of  houses  above  the  ordinary  suburban  villa  type  is  reached,  the  pantry, 
of  course,  becomes  a  comparatively  large  apartment,  and  there  will,  moreover,  be  two 
in  place  of  one ;  this  arrangement  will  be  described  more  in  detail  later  on. 

In  details  of  construction  the  faults  of  the  ordinary  speculating  builder's  house 
are  many  and  glai-ing.  Thin  walls  built  of  soft  perishable  bricks,  weak  floors 
formed  often  of  timbers  bearing  within  them  the  seeds  of  decay,  partitions  of  wood 
and  plaster,  designed  apparently  for  the  express  purpose  of  conveying  sound  from 
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 ~  "        Z      t       mn^t  salient  errors  prevalent  in  the  average 

one  room  to  another,  are  a  fe^  of  the  to  discomfort  is  the  last. 

meces  stoves,  gas-pipes,  and  so  forth,  all  need  care  and  judgment  m  selection  Ihe 
SL  rd'cL'e  flows,  so  beloved  of  speculating  huilders,_are  E^^^J^^^^ 
tasteless,  and  inappropriate.  A  simple  and  -^^''-^-^1^-'^!^''^^^^^ 
ments,"  and  a  few  delicate  mouldings  running  across  the  ceilmg  and  ^^.^^^Sf  ^^^^ 
panels,  are  far  more  effective  means  of  decorating  a  ceiling  and  making  it  possible 
to  obtain  an  harmonious  effect  between  ceiling  and  walls  than  the  ordinary  methods. 
A  further  advantage  is  that  with  an  arrangement  of  the  kind  suggested  the  gas-pipe 
can  be  made  to  form  part  of  the  ceiling  decoration  and  be  painted  so  as  to  appear 
to  be  part  of  the  mouldings.  The  advantage  of  this  over  the  common  practice 
of  buiying  the  gas-pipe  between  the  floor-boards  and  the  ceiling  is  obvious. 

To  go  into  such  matters  as  chimney-pieces  and  stoves  would  be  trenching  upon 
topics  that  will  bo  dealt  with  hereafter  ;  it  may,  however,  not  be  amiss  to  point  out 
here  how  very  necessary  it  is  that  the  greatest  care  should  be  exercised  in  the 
setting  of  stoves  of  all  kinds.    There  is  no  more  frequent  cause  of  fires  m  dwellmg- 
houses  than  the  defective  setting  of  a  stove.    An  instance  may  be  given  which, 
had  it  occuiTed  in  an  ordinary  suburban  villa,  would  have  infallibly  resulted  m  the 
destruction  of  the  greater  part  of  the  premises.    In  a  house  in  London,  occupied 
entirely  as  offices,  the  occupants  of  the  first  and  second  floors  were  continually 
troubled  with  smoke,  which  appeared  to  come,  not  down  the  chimneys,  but.  fi-om 
every  crevice  and  cranny  in  the  old  panelled  walls.    The  nuisance  grew  worse,  and 
in  order  to  find  out  if  possible  the  cause,  the  whole  of  the  panelling  on  the  second 
floor  was  removed,  when  it  appeared  that  the  smoke  first  became  visible  from 
a  comer  of  the  ceiling  next  the  wall  which  carried  the  chimneys.    On  taking  up  the 
boards  of  the  floor  above,  the  joists  were  found  to  be  blackened  and  slightly  charred, 
and  the  cause  of  the  evil  was  thus  traced  to  the  back  of  the  grate.    On  this  being 
taken  out  it  was  discovered  that  the  back  was  quite  hollow  and  open  to  the  timbers. 
In  course  of  time  the  thin  back  of  the  grate  had  been  partly  worn  away,  and  finally, 
by  the  aid  of  the  poker,  actually  pushed  into  the  hollow  space  behind.    Live  coals 
followed,  and  the  only  thing  that  prevented  the  outbreak  of  fire  was  the  fact 
that  the  floor  was  pugged  with  a  solid  mass  of  lime  and  hair,  which  had  been 
so  well  prepared  that  it  had  set  as  hard  as  cement.    The  live  coals  fell,  of  course, 
on  this  pugging,  and,  in  the  absence  of  draught,  burnt  out  without  doing  any  further 
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damage  than  charring  the  joists  and  floor-boards,  and  flooding  two  storeys  with 

to  rSf  briefl^toTh' "  f  '"T  '"'^  ''''''  '^^^  ^^^°--<i-   I*  -  — y 

to  reter  briefly  to  the  various  larger  kinds  of  houses,  but  inasmuch  as  they  are 

W  a  'a  Tl      f  '''''''  circumstances,  and  molv" 

and  snl         '       f,  °'  professional  skill  and  design  in  their  conception 

pointing  out  prevalent  errors  m  planning  and  construction. 

who  T."  ^'"''^^  principles,  nevertheless,  apply  to  all  houses  alike,  and  no  one 
who  has  had  experience  of  house-building  wUl  fail  to  recognise  the  fact  that  no 
amount  of  altering,  however  skilful  and  ingenious,  will  compensate  for  grave  errors 
ot  judgment  m  the  original  design  of  a  house. 

Dwelling-houses  of  a  more  extensive  character  include  two  distinct  sets  of 
apartments-the  family  rooms  and  the  servants'  rooms-and  these  a-ain  in 
large  mansions,  are  subdivided-the  first  class  into  visitors' rooms,  famiW  rooms, 
and  the  nursery  suite;  the  second  into  male  servants'  and  female  servants'  sets 
Ihe  perfection  of  planning  is  to  arrange  all  the  various  rooms  required  com- 
pactly, and,  at  the  same  time,  to  give  the  requisite  isolation  to  each  room  and 
to  each  suite  of  rooms,  and  with  the  least  possible  expenditure  of  space  in 
passages.  ^ 

Formerly  in  England,  and  at  the  present  day  in  many  parts  of  the  Continent,  it 
was  only  considered  necessary  to  provide  a  suite  of  rooms  opening  one  into  the  other, 
with  no  external  passage  of  communication.  This  arrangement  no  longer  suits  our 
ideas.  We  must  have  free  and  independent  access  to  every  room  without  passing 
through  another,  and  doors  leading  from  one  room  directly  to  another  are  the  exception! 
The  servants'  part  of  the  house  must  also  be  shut  ofi"  from  the  reception-rooms,  but 
this  must  be  done  with  due  regard  to  the  distance  between  the  dining-room  and  the 
kitchen.  And  in  the  servants'  offices  the  same  rule  must  be  observed  of  not  making 
one  room  a  passage  to  another.  Thus  the  butler  must  not  have  to  pass  through  the 
kitchen  in  order  to  reach  his  pantry.  Neither  must  the  housemaid  have  to  go 
through  the  butler's  pantry  to  get  to  the  china-closet.  Again,  convenience  of  service 
must  be  studied  in  the  arrangement  of  such  details  as  housemaid's  closets  and  sinks, 
hot  and  cold  water  taps,  coal-stores,  water-closets,  bath-rooms,  and  the  like.  Every 
house  nowadays— at  least,  in  London  and  the  suburbs— of  a  rental  of  M5  or  ^£50  and 
upwards  must  have  its  bath-room,  with  hot  and  cold  water  laid  on.  So  also,  in  large 
country  mansions,  two,  three,  or  more  bath-rooms  must  be  provided.  And  all  these 
appliances  must  be  arranged  in  the  simplest  and  most  obvious  manner  possible, 
not  stuck  on  here  and  there  as  they  may  happen  to  be  wanted.  Nothing  is  easier 
than  to  make  a  house  all  corners,  with  bath-room  here  and  a  dressing-room  or  a 
boudoir  there,  in  the  place  where  they  are  least  expected  or  wanted.  Good  planning 
demands  care  and  application,  but  the  result  will,  in  the  end,  repay  the  time  spent 
in  working  out  the  details.  "  In  perfect  planning  expedients  should  never  be 
obvious — no  steps  down  into  rooms,  no  corners  cut  out  of  apartments,  leaving  them 
an  irregular  shape,  to  form  closets  or  give  headway  for  stairs."*  The  parts  must  fit 
into  their  places  like  the  pieces  of  a  Chinese  puzzle,  and  the  result  will  be  a  unity 
of  design,  obtained,  apparently,  by  the  simplest  possible  means.  "To  produce 
*  "House  Architecture,"  J.  J.  Stephenson,  Vol.  II.,  p.  -19. 
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Simplicity  out  of  a  number  of  complicated  requirements  is  the  last  effort  of  art-the 
nvt,  which  conceals  the  art."  *  .  ,  . 

ih  arrangement  and  distribution  of  light  are  important  items  xn  1-"-"^ -^S^ 
"  Li.ht  (God-:  eldest  daughter)  is  a  principal  beauty  m  a  buddmg  yet  xt  shxnes  no 
alxke  from  all  parts  of  the  heavens.  An  east  window  gxves  the  xnfaxxt  beams  of  the 
sun  b  ore  they  are  of  strength  to  do  harm,  and  is  offensive  to  none  but  a  sluggard. 
A  south  window  in  sxxmmer  is  a  chimney  with  a  fire  in  it,  and  stands  xn  need  to  be 
screened  by  a  curtain.  In  a  west  window  the  sun  grows  low  and  over  famxlxar 
towards  night  in  summer-time,  and  with  more  light  than  delxght.  A  north  wxndow 
is  best  for  butteries  and  cellars,  where  the  beer  will  be  sour,  because  the  sun  shxnes 
upon  it."  t  Light  should  be  everywhere.  A  dark  corner  means  dxrt,  and  where  the 
li.ht  does  not  penetrate,  there,  as  a  rxxle,  the  air  does  not  circulate.  Borrowed  Ixghts 
should  be  avoided,  and  a  passage  dark  enough  to  require  the  aid  of  artxficial  light  xn 
the  day-time  is  a  thing  not  to  be  tolerated, 

VentUation  and  warmth  are  matters  which  are  greatly  affected  by  the  plan  of  a 
house.  Withovxt  trespassing  on  the  subjects  treated  of  in  the  sections  under  these 
heads,  it  maybe  pointed  out  that  the  plan  should  assist  both  the  ventilation  and 
the  warming  of  the  house  by  avoiding  draughts  and  places  where  the  air  is  liable 
to  stagnate,  and  by  grouping  the  smoke-flues  in  such  a  manner  that  they  will 
add  to  the  warmth  of  the  house,  instead  of  radiating  their  heat  to  the  outer  air. 

And  lastly,  good  planning,  though  it  must  never  be  subservient  to,  yet  must 
always  be  accompanied  by  good  architecture.  To  clothe  the  most  admirably- 
arranged  house  with  an  exterior  like  a  workhouse  or  a  barrack  of  forty  years  since, 
is  an  outrage  on  good  taste  and  an  insult  to  society.  To  plant  a  hideous 
square  box  of  a  house  with  rectangular  holes  for  windows  and  not  one  single  line  of 
beauty  or  gx-ace  in  the  whole,  iix  the  midst  of  a  lovely  country  side,  is  a  deed  which 
cannot  be  defended  on  any  grounds  whatever. 

*  "House  Architecture,"  J.  J.  Stephenson,  Vol.  II.,  p.  50. 

+  "  The  Holy  State  "  (Chapter  VII.,  "  of  Building  "),  by  Thomas  Fuller,  D.D-  1fi42. 
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CHAPTER  VI. 
servants'  offices. 

Some  Isolation  desirable  in  Servants' Offices— Kitchens— Influence  of  Various  Floors  upon  Vermin- 
Kitchen  Furniture  and  Fittings— The  Scullery— Larders-Pantries-Servants'  Hall- Housekeeper's 
Koom — Cellars — Laundry— Stores. 

In  the  small  eight  or  ten-rooined  villa  the  servants'  offices  consist  solely  of  a 
kitchen  and  scullery,  with  perhaps  a  small  pantry.  The  space  available  being 
necessarily  small,  it  is  the  more  necessary  so  to  arrange  it  that  every  inch  shall  be 
utilised.  It  is  even  permissible  to  encroach  upon  the  limited  dimensions  of  the 
sculleiy  in  order  to  give  more  space  in  the  kitchen ;  but  care  must  be  taken  so  to 
arrange  the  scullery  that  every  corner  of  it  is  well  lighted. 

In  houses  of  sufficient  size  to  permit  such  an  arrangement,  the  servants'  depart- 
ment should  undoubtedly  be,  to  a  certain  extent,  isolated  from  the  rest  of  the  house, 
though,  for  obvious  reasons,  not  in  the  sense  of  placing  them  in  a  separate  house. 
This  is  requisite,  not  only  for  the  comfort  and  convenience  of  the  family,  but  also 
for  that  of  the  servants ;  for  in  a  properly-disciplined  household  no  harm  results 
from  according  to  the  servants  a  fair  amount  of  privacy  in  their  department.  In 
a  town  house  this  end  is  invariably  attained  by  placing  the  whole  of  the  servants' 
offices  in  the  basement.  In  country  houses,  the  available  extent  of  the  site  being 
ordinarily  much  greater  than  in  town,  the  servants'  offices  should  be  at  or  above  the 
ground-level,  and  should  look  on  to  a  kitchen  yard,  or  garden,  if  there  is  one ;  but 
in  no  case  would  it  be  convenient  for  them  to  overlook  the  private  garden. 
Between  the  villa  residence  of  modest  dimensions,  where  the  number  of  servants  is 
three,  four,  or  perhaps  six,  to  the  countiy  mansion,  where  accommodation  has  to  be 
provided  for  butler,  housekeeper,  footman,  valet,  cook,  kitchenmaid,  housemaids, 
laundrymaids,  and  ladies'  maids,  besides  rooms  available  for  visitors'  servants,  there 
are  many  gradations.  But  the  leading  principle  of  providing  the  different  depart- 
ments with  the  necessary  facilities  for  the  work  to  be  done  in  each,  without 
trenching  upon  the  other  departments,  prevails  alike  in  all. 

The  Kitchen. — This  most  important  apartment  must,  before  all  things,  be  well 
lighted  and  well  ventilated.  The  importance  of  good  ventilation  to  a  kitchen  is 
obvious.  Without  it  the  smell  of  cooking — whicli  must  escape  somewhere — -will 
inevitably  find  its  way  into  the  living-rooms,  and  pervade,  to  a  greater  or  less  degree, 
the  whole  of  the  house.  Good  ventilation  is  also  very  necessary  as  a  means  of 
counteracting  the  excessive  heat  of  the  cooking  apparatus.  Where  the  kitchen  is 
a  one-storey  building,  the  best  an-angement  both  for  lighting  and  ventilation  is  by 
the  roof.  A  good  lantern-light,  with  at  least  half  the  lights  made  to  open,  and 
with  outside  blinds  on  the  south  and  west  sides,  is  the  most  effectual  kind 
of  roof-light  that  can  be  had.  Where  a  top-light  is  not  to  be  had,  the  kitchen 
should  be  so  arranged  that  it  can  be  lighted  entirely  from  the  north  or  north-east^ 
the  windows  taken  close  up  to  the  ceiling,  and  means  provided,  by  air-bricks 
or  other  appliances,  for  inducing  a  current  of  air  through  the  room  both  at 
the  ceiling  and  floor  levels,    In  town  houses,  probably  the  best  position  for  the 
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I-itchen  is  at  the  top  of  the  house.  This,  however,  entails  a  rather  elaborate  system 
Sts?  rpeling-tuU  and  other  appliances,  and  is  only  apphcable  to  houses  of  the 

'"'%tntl.e  kitchen  is  on  the  same  floor  as  the  dining-room  it  should  be  as  near  to 
that  IXnt  -  possible,  without  actually  adjoining  it  -  ^  o  econ.m..  ^^^^^ 
iu  carrying  the  food,  and  also  to  prevent  the  too  rapid  cooling  of  hot  viands  m 

xt  size  of  the  kitchen  must  necessarily  vary  with  the  si.e  and  requirements  of 
the  house  to  which  it  belongs.  A  kitchen  20  X  20  is  ample  for  the  reqnn-ements  o 
a  Large  establishment.  Anything  beyond  this  is  more  or  less  ^-^--"^^^^^''r"^ 
therefore  wasted  space.  When  it  is  remembered  how  small  is  the  "galley,  or 
cook-house  on  board  one  of  the  Peniiasular  and  Oriental  Company  s  steamers,  and 
some  of  the  best  Transatlantic  vessels,  and  what  a  vast  number  of  persons  have  to 
be  served  from  it,  and,  moreover,  what  elaborate  dinners  are  placed  before  the 
passengers,  it  wHl  be  seen  that  the  size  of  a  kitchen  for  an  ordinary  house  need 
not  necessarily  be  very  extensive.  Nevertheless,  a  small  kitchen  is  not  to  be 
recommended  ;  and,  for  a  large  establishment,  a  certain  amount  of  space,  beyond  that 
which  would  suffice  on  board  ship,  is  absolutely  requisite.  In  houses  where  the 
kitchen  has  to  serve  also  as  servants'  hall,  the  size  must  be  proportionately  greater 
than  where  it  is  used  solely  for  cooking  piu-poses.  As  a  rule  kitchens  m  small 
houses  are  inconveniently  small,  being,  in  truth,  sacrificed  to  the  Uvmg-rooms.  A 
room  which  is  the  only  sitting  and  eating  room  for  two,  three,  or  four  persons,  and 
where  a  fire,  often  a  large  one,  is  constantly  burning  for  the  greater  part  of  the 
day,  both  in  summer  and  winter,  ought  surely  to  be  as  large,  or  nearly  so,  as 
the  dining-room.  Yet  the  space  thought  sufficient  by  most  speculating  builders  is 
frequently  only  about  one-half  that  of  the  dining-room. 

The  kind  of  floor  best  adapted  for  kitchens  is  Portland  cement.    Where,  how- 
ever, the  kitchen  is  used  as  a  living-room,  part  of  the  floor  is,  for  the  sake  of 
comfort,  usually  boarded.    It  is,  however,  almost  impossible,  with  a  boarded  floor, 
to  keep  a  kitchen  free  from  vermin.    The  heat  of  the  kitchen  range  seems  to 
encourage  the  growth  of  black-beetles  and  crickets,  and,  with  a  wooden  floor,  every 
fixcility  is  aff'orded  them  to  overrun  the  place.    Probably  the  only  way  of  pre- 
venting the  evil  is  to  have  an  absolutely  impervious  floor.    A  well-laid  concrete 
floor,  faced  with  Portland  cement,  or  asphalte,  is  at  once  impervious  and  economical, 
'ihe  lar^e  red  tiles,  so  often  seen  in  farm-house  kitchens,  laid  on  a  solid  bed  of 
joncrete,  make  as  good  a  floor  as  can  be  desired  both  for  appearance  and  wear. 
Where  a  wooden  floor  is  desirable,  the  wood-block  paving,  described  in  a  later  chapter, 
may  be  used,  as,  from  the  solid  manner  of  its  construction,  it  affords  no  harbour 
to  vermin,  and  at  the  same  time  it  is  warmer  than  cement  or  tiles.    The  walls 
also  should  be  covered  with  some  impervious  material.    The  best  possible  wall- 
coveiing  is  the  ordinary  glazed  tile.    With  a  simple-coloured  border  nothing  can 
be  more  cheerful  and  clean  in  its  appearance.    The  same  effect  can  be  obtained 
at  a  somewhat  less  cost  by  building  the  enclosing  wall  with  glazed  bricks.  The 
appearance  is  not  quite  so  satisfixctory  as  that  of  the  tiles,  but  the  work  has  the 
advantage  of  being  more  solid.     Where  the  contemplated  outlay   would  not 
warrant  the  expenditure  involved  by  the  use  of  either  of  these  materials,  a  hard 
impervious  face  can  be  given  to  the  walls  by  using  Parian  or  Koene's  cement. 
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or  by  selenitic  plaster  with  a  selenitic  clay  finish.    The  selenitic  process  is  as  cheap 
f  not  cheapei^  than  ordinary  plaster,  but  requires  care  in  mixing  aTd  ineasS 
the  ingredients      The  prejudice  which  exists  among  builders  °against  an7^! 
parture  from  time-honoured  rule-of-thumb  processes  will  probably  prevent  the 

wall  finished  with  the  ordinary  plastered  surface  should  have  the  lower  part 
painted  and  varnished  to  a  height  of  about  five  feet  from  the  floor.  The  upper  .part 
of  the  walls  and  the  ceiling  should  be  lime-whitened  or  distempered 

The  fittings  necessary  for  a  kitchen  will  vary  according  to  the  size  of  the  house 
and  the  amount  of  cooking  requii-ed.  The  most  important  fitting  is,  of  course 
the  range.  So  many  different  kinds  of  cooking  stoves  of  such  diverse  patterns 
and_  sizes  are  now  to  be  had,  that  it  would  be  impossible  here  to  describe  them  all  and 
to  single  out  one  or  two  where  so  many  are  really  efficient  would  be  invidious,  as  well 
as  misleading.  The  old-fashioned  open  range,  with  its  immense  fire-bars,  has  been 
of  late  years  much  discarded  for  the  sake  of  close  stoves,  or  kitcheners,  which  have 
the  minimum  of  fire-space.  Both  have  their  advantages  and  their  disadvantages 
A  close  stove  may  be  more  economical  in  point  of  consumption  of  fuel  than  an  open 
one,  provided  it  is  managed  with  skill  and  knowledge,  but  in  ignorant  and  careless 
hands  It  IS  an  insatiable  furnace.  Close  stoves  have  also  the  disadvantage  of 
making  the  kitchen  very  hot,  and  unless  proper  precaution  is  taken  with  the 
setting,  they  are  apt,  when  fixed  in  party  or  internal  walls,  to  be  somewhat 
dangerous. 

Some  of  the  American  and  other  stoves,  which  stand  on  legs  independently  of 
any  brickwork,  and  require  no  setting  whatever,  are  both  efficient  and  economical. 

In  kitchens  of  large  mansions  the  range  is  usually  a  formidable  piece  of 
machineiy.  The  close  stove  is  inapplicable  here,  as  a  large  surface  of  fire  will  be 
required  for  roasting  several  joints  at  one  time.  In  addition  to  the  range,  boilers 
for  steaming  vegetables,  bain-maries,  and  hot-plates  will  be  required.  In  front  of 
the  fireplace  a  roasting-screen  is  placed,  and  the  meat-jack  is  often  fixed  in  the 
chimney  and  turned  by  the  upward  current  in  the  chimney,  hence  called  smoke-jack. 

Where  such  an  elaborate  array  of  apparatus  is  not  required,  it  will  be  useful  to 
provide  a  gas  stove  at  the  side  of  the  range  as  an  occasional  auxiliary  thereto. 
Gas,  however,  is  not  to  be  recommended  as  a  fuel  for  constant  use,  it  being  at 
present  more  costly  than  coal.  The  only  advantage  it  possesses  is  that  of  being 
lighted  and  put  out  quickly.  A  good-sized  coal-bunk  should  always  be  provided 
somewhere  in  the  kitchen.  When  a  kitchen  is  lighted  by  gas,  it  is  always  useful 
to  have  a  jet  fixed  on  one  side  of  the  range,  and  which  can  be  turned  on,  so  as  to 
illuminate  the  whole  of  the  recess  in  which  the  range  stands. 

The  furniture  of  the  kitchen  should  be  strong  and  clean  in  appearance.  Deal 
is  perhaps  the  best  wood  for  the  dresser  and  table.  Many  old  dressers  are  to  be 
seen  in  farm-houses  of  ancient  date  made  of  oak,  and  really  handsome  pieces  of 
furniture.  The  dresser,  or  dressers  (there  frequently  being  more  than  one), 
consists  of  a  broad  open  shelf,  with  drawers  underneath  for  keeping  various 
articles  used  in  cooking,  supported  on  strong  framework,  with  a  board  about 
six  inches  from  the  floor  on  which  to  stand  saucepans  and  other  metal 
vessels.  The  upper  part  contains  tiers  of  shallow  shelves,  on  which  the  plates 
and  dishes  in  daily  use  are  placed.     The  table  should  be  a  plain  and  strong 
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•   .      furniture  and  has  usually  a  drawer  at  eacli  end.    The  fewer  drawers  there 
r  nt  k  ^^n  tL  better,  as  the^  are  apt  to  lead  to  untidiness  and 
o  dirt     One  good  cupboard,  placed  in  as  light  a  position  as  possible, _ should  fun  i 
a  1   he  stora<^e  room  required  in  the  kitchen  by  the  cook.    A  servmg-hatch  fiom 
Il^  t  tc  en  to  the  corllor  or  lobby  leading  to  the  dining-room  rs  a  convenient 
aligement,  as  it  both  shortens  the  distance  between  the  two  rooms  and  lessens 

the  traffic  in  the  kitchen.  •    i  4.1 

In  country  houses,  where  the  bread-making  of  the  establishment  is  done  on  the 
premises,  it  is  best  to  have  a  separate  bakehouse  with  a  brick  oven.  If,  however, 
this  cannot  be  arranged,  an  iron  oven  shoidd  be  contrived  underneath  or  at  the 
side  of  the  cooking-range.  In  either  case  a  separate  dresser  with  kneading-trough 
becomes  a  necessity.  A  separate  room  for  pastry-making  is  also,_in  large  estab- 
Hshments,  frequently  provided,  the  temperature  of  a  large  kitchen  m  which  several 
cookhig  apparatuses  are  simultaneously  at  work  being  too  high  for  manipulating 

pastry  successfully.  i  i,    1 1 

The  Scullery  must  be  in  immediate  communication  with  the  kitchen,  and  should 
be  a  good-sized  light  room,  not  a  narrow,  ill-lighted  passage  from  the  kitchen,  as  is 
often  the  case.    The  principal  use  to  which  the  scuUery  is  devoted  is  suggested  by 
the  name,  which  is  probably  derived  from  an  old  Danish  word  meaning  shell  or  cup. 
Hence,  also,  scullion,  an  office  which  existed  long  before  a  separate  room  was 
provided  for  his  use,*  and  whose  principal  function  was  the  washing  of  cups. 
Besides  the  cleansing  of  plates  and  dishes,  and  of  the  various  iitensHs  used^  in 
cooking,  the  scullery  ordinarily  is  the  proper  place  for  cleaning  and  preparing  fish, 
vegetables,  &c.,  and  generally  for  processes  in  connection  with  cooking  which  entail 
dirt  or  litter,  and  should  therefore  be  kept  out  of  the  kitchen.    The  walls  and  floor 
of  the  scullery,  like  those  of  the  kitchen,  should  be  formed  of  one  or  other  of  the 
impervious  materials  described  above,  the  great  object  to  be  aimed  at  in  both  cases 
bemg  a  washable  surface.    The  scullery  must  be  amply  lighted,  and  in  front  of 
the  windows  should  be  fixed  the  sinks.    Where  the  use  of  glazed  bricks  or  tiles 
over  the  whole  wall  surface  is  impossible  on  the  score  of  cost,  the  walls  at  the  back 
of  the  sinks  should  be  lined  with  white  glazed  tiles.    Three  or  four  courses  of  tiles 
the  whole  width  of  the  sink  will  suffice,  and  the  small  extra  cost  involved  would 
be  amply  recompensed  by  the  additional  cleanliness  gained.    Where  space  would 
permit,  there  should  be  at  least  two  sinks — one  for  vegetables,  the  other  for 
plates  and  dishes,  with  a  draining-board  at  the  side  over  which  the  plate-rack 
should  be  fixed.    It  is  convenient  to  have  in  the  scullery  a  small  cooking-range, 
to  do  duty  both  as  an  auxiliary  to  the  kitchen  range,  and  also  when  the  latter  is 
undergoing  repair,  or  when  only  a  small  amount  of  cooking  is  required,  as  during 
the  absence  of  the  family.     In  small  houses  the  scullery  is  usually  the  washhouse, 
and  contains  a  washing-copper.     Care  should  always  be  taken  that  the  copper  has 
an  mdependcnt  flue. 

In  large  houses  it  is  convenient  to  provide  a  knife-house,  or  place  for  cleaning 
knives,  m  immediate  connection  with  the  scullery,  but  in  small  houses  this  operation 
is  usually  performed  in  the  scullery. 

*  Probably  one  of  the  earliest  instances  of  the  use  of  the  term  is  in  one  of  the  Liberate  Rolls  of 
21st  Henry  III.  The  King's  Bailiff  at  Kcnnington  (then  a  royal  house)  is  there  ordered  to  make 
"one  Knight's  chamber  and  a  scullory"  (squielcriam). 
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TV  ithm  easy  distance  of  the  scullery  the  fuel-store  should  be  placed.  There 
should  be  separate  places  for  storing  coal,  coke,  and  wood.  The  wood-store  ou-ht 
to  be  large  enough  to  allow  room  for  chopping.  The  most  common  arrangement 
of  coal-store  is  to  provide  cellars  for  the  purpose.  In  towns,  this  is  doubtless 
unavoidable,  owing  to  the  Imiited  area  available,  but  in  suburban  villas  and 
country  houses,  where  the  site  is  large,  it  is  better  to  form  an  outhouse  for  coals, 
so  as  to  save  the  labour  of  raising  them  from  a  basement  or  cellar.  If  an 
outhouse  be  provided  for  the  coals,  it  is  convenient  to  arrange  it  so  that  they 
can  be  thrown  in  from  an  opening  near  the  top.  The  waggon  may  be  drawn  up 
near  the  opening,  or  an  inclined  plank  may  be  kept  for  the  purpose.  The  coal- 
stores  should  ordinarily  provide  for  the  separate  keeping  of  two  sorts  of  coal,  as  it  is 
rare  that  the  coal  used  in  the  ordinary  fire-gi-ates  is  well  adapted  for  use  in  the 
cooking-range. 

Where  it  is  possible,  the  scullery  and  kitchen  should  both  communicate  with 
_a  passage  giving  access  to  tlie  servants'  closet.  In  small  houses,  however, 
this  is  often  impracticable,  and  the  servants'  closet  has  to  be  reached  through  the 
scullery.  In  this  case  the  door  of  the  closet  should  be  outside  the  scullery,  and 
the  access  thereto  protected  by  a  pent  roof.  Of  course,  where  both  male  and 
female  servants  are  employed,  there  will  be  a  water-closet  for  each  sex,  with 
separate  access  to  each. 

Tlte  Larders. — The  name  larder,  which  has  come  to  be  applied  to  a  store  for 
all  kinds  of  food,  cooked  and  uncooked,  was  originally  applied  to  the  place  where 
meat,  which  had  previously  been  salted  down,  was  put  away  in  jars,  and  covered 
over  with  lard.  The  increased  facilities  for  transport,  and  other  causes,  have,  by 
bringing  witliin  reach  of  all  large  supplies  of  fresh  meat,  obviated  the  necessity  for 
salting  do^vn  provisions  for  winter  consumption. 

The  larder  must,  before  all  things,  be  cool  and  of  an  even  temperature.  A 
north  aspect  is  indispensable.  It  must  also  be  dry :  ample  ventilation  must 
therefore  be  provided.  The  windows  should  be  filled  with  wire  gauze  in  place  of 
glass,  and,  if  possible,  through  ventilation  should  be  provided.  It  will  also  be 
useful  to  provide  an  inner  casement  of  glass  for  use  in  very  severe  weather.  The 
walls  should  be  lined  with  glazed  tiles  or  bricks,  marble  or  enamelled  slate ;  and 
the  ceiling  should  be  of  concrete,  brought  to  a  hard  polished  surface  with  Parian  or 
Keene's  cement.  Tiles,  marble,  bricks,  slate  slabs,  or  concrete,  are  all  suitable 
materials  for  the  floor.  Shelves,  either  of  marble  or  enamelled  slate,  and  hooks 
depending  from  the  ceUing  for  hanging  joints  or  game  must  be  provided.  It  will 
generally  be  found  that,  except  in  large  establishments,  one  good-sized  general 
larder  -will  suffice.  Separate  larders  for  meat,  game,  and  fish,  however,  are 
sometimes  required ;  but  care  should  be  taken  not  to  multiply  store-places  of  this 
kind  unnecessarily,  and  also  to  arrange  them  in  as  compact  a  manner  as  possible. 

The  Pantries— ThQ  pantry  (from  bread),  formerly  a  room  where  bread 

and  other  provisions  were  kept,  has  noAV  come  to  mean  the  apartment  occupied 
by  the  butler  or  housemaid  for  cleaning  and  storing  silver  and  glass.  In  large 
establishments  the  butler  has  charge  of  the  silver,  glass,  cutlery,  and  all  the  china 
except  the  plates  and  dishes  ;  and  proper  appliances  in  the  shape  of  sink,  draining- 
board,  and  hot  and  cold  water  service  must  be  provided  for  the  due  cleansing  of 
the  various  articles  in  his  custody.    A  usual  and  convenient  arrangement  for  a 


servants'  hA-LL,  cellars,  etc.      .  ''^ 


p...,  is  to  place  the  sin.,  .c   in  f.nt^  t^e  ..^J^  ^^^f  ^^I^ 

t  "^.TZl:^  p^int  leaping  it  in;  and  .he.  the 

tZl  lZ  jolue.el,  not  in  the  basement,  the  butWs  bed-room  should 
b  rimrnecliate  ^om^nunication.  In  all  but  the  smallest  class  of  houses  there 
should  b  some  kind  of  paa.try ;  even  a  fair-sized  china-closet,  ^VIth  a  small  smk, 
Su  t  be  teTthan  none  at  lu.  The  proper  methods  to  be  observed  .n  getting 
JJl  of  the  waste  water  from  this  and  the  scullery  sinks  mil  be  found  xn  the 

'"''r-mnSf-The  size  of  this  room  will  vary  with  the  number  of  servants 
to  be  accommodated.  It  should  have  a  cheerful  aspect,  and  be  well  lighted, 
warmed,  and  ventilated.  It  should  be  placed  mthin  easy  access  of  the  entrance- 
hall,  and  also  close  to  the  servants'  entrance,  so  that  it  may  be_  used  as  a  waiting- 
room  when  occasion  demands.  The  mndows  should  be  so  contrived  that  while  they 
should  not  overlook  the  private  grounds,  they  should  yet  afford  a  cheerful  and 
pleasant  outlook. 

The  Housekeeper's  Boom  will,  in  large  mansions,  be  an  apartment  of  considerable 
size  It  should  be  in  proximity  both  to  the  kitchen  and  the  store-room,  and 
in  some  cases  will  have  to  answer  the  pui-pose  of  a  store-room.  It  should  be 
amply  supplied  with  store-closets.  In  any  case,  it  should  be  a  well-lighted  cheerful 
room,  as  it  not  unfrequently  has  to  serve  as  the  sitting-room  for  the  upper  servants. 

A  luggage-room  will  be  a  necessary  provision  in  large  houses.  It  should  adjoin 
the  side  entrance,  and  be  in  the  direct  line  between  the  front  door  and  the  stables. 
It  may  conveniently  take  the  form  of  a  vestibide  to  the  side  entrance,  in  which 
case  it  -will  serve  as  tradesman's  hall. 

The  Cellars. — There  ought  to  be  no  difficulty  in  providing  ample  cellar-space  to 
the  largest  as  well  as  to  the  smallest  house.  No  house  ought  to  be  built  without 
cellars  under  the  whole  area.  This,  of  course,  sounds  extravagant  to  a  degree, 
but  it  is  nevertheless  true.  With  well-ventilated,  dry,  and  properly-constructed 
cellars,  the  evils  arising  from  damp  ground  and  the  alternations  of  temperature 
common  to  most  kinds  of  soils  will  be  greatly  neutralised.  The  external  walls 
must  of  course  be  protected  by  a  properly-constructed  dry  area,  as  described  in 
the  preceding  chapter.  The  floor  and  the  ceiling  should  be  of  concrete,  or  of  bricks 
on  a  concrete  substratum,  and  an  ample  supply  of  ventilating  air-bricks,  which 
may  also  serve  for  admitting  light,  should  be  inserted  in  the  walls  at  the  ceiling- 
level.  Wine-cellars  must  be  arranged  in  the  position  least  subject  to  variations 
of  temperature,  and  it  is  sometimes  necessary  to  provide  an  outer  and  an  inner 
wine-cellar.  The  ^vine-cellars  should  be  fitted  up  with  slate  or  stone  shelves  on 
brick  supports,  or  with  iron  racks,  and  space  for  a  table  may  be  provided.  Wine- 
cellars  in  large  establishments  are  sometimes  subdivided  into  store-cellars, 
dispensing-cellar,  receiving-cellar,  and  cellar  for  wines  in  wood  and  for  bottling. 

Part  of  the  cellars  may  occasionally  be  divided  off  to  form  a  convenient 
box-room. 

In  all  large  houses  not  supplied  with  gas  a  room  should  be  arranged  for  cleaning 
and  keeping  lamps  and  lamp-oil.  As  little  woodwork  as  possible  should  be  used 
m  the  constniction  and  fittings  of  this  room,  and,  consistently  with  doing  the  work 
properly,  it  should  be  as  small  as  possible. 
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A  separate  i-oom  may  also  be  provided  for  cleaning  boots  and  brnslung  clothes, 
ihis  room  may  be  m  tlie  yard  next  the  wood-house. 

In  this  yard  will  also  be  placed  the  dnst-bin.    Properly,  nothing  but  dry  rubbish 
and  ashes  ought  to  be  placed  in  the  dust-bin.    It  should  be  of  limit'ed  capacity,  so  as 
to  necessitate  its  being  frequently  emptied  and  cleansed,  and  thus  prevent  any 
animal  or  vegetable  matter  that  may  be  deposited  in  it  from  remaining  there  loii 
enough  to  set  up  putrefaction.    A  strong  barrel  or  tub  with  suitable  handles,  or  a 
galvanised  iron  box,  to  stand  under  an  open  shed,  is  perhaps  the  best  form  of  dust- 
bin ;  but  where  it  is  a  fixed  structure  it  should  be  constructed  of  substantial  brickwork, 
rendered  inside  with  cement,  and  should  have  a  flagged  or  cement  floor  three  or  four 
inches  above  the  level  of  the  adjacent  ground.  Unless  the  dust-bin  is  under  a  shed  it 
should  have  a  sloping  cover,  with  a  self-closing  lid  so  arranged  that  the  rain  should  not 
be  liable  to  penetrate  to  the  inside.    A  useful  addition  to  the  dust-bin  is  a  sieve  with 
a  stick  passed  through  the  sides  of  it  to  serve  as  a  handle.   The  sieve  rests  on  a  couple 
of  wooden  bars  near  the  top  of  the  dust-bin,  with  the  handle  passing  through  the  side 
of  the  bin.    Ashes  and  cinders  may  be  thrown  into  the  sieve,  the  lid  of  the  bin  shut 
down,  and  by  means  of  the  handle  the  dust  is  riddled  through  the  sieve,  and  the 
cinders  can  afterwards  be  collected  for  use  in  the  fires.    The  position  of  the  receptacle 
for  dust,  and  other  dry  refuse,  Avill  be  determined  by  various  circumstances— as  the 
size  and  character  of  the  house,  and  the  mode  of  collection.    In  all  cases  it  should  be 
as  near  as  practicable  to  an  entrance,  and  should  be  so  placed  that  it  can  be  emptied 
without  involving  the  necessity  of  carrying  the  contents  through  the  house.    It  should 
be  placed  as  far  away  as  possible  from  all  windows.    And  if,  as  in  the  case  of  artisans' 
dwellings  in  towns,  and  dwellings  on  the  "  flat "  system,  it  is  necessary  to  keep  a 
receptacle  indoors,  provision  should  be  made  for  emptying  the  contents  of  each 
receptacle  into  a  general  receiver  at  least  once  in  the  day.    For  this  purpose  a  lift 
will  probably  be  found  the  most  efficient  ajipliance.    Dust-shoots  are  objectionable, 
from  their  liability  to  get  clogged,  and  the  impossibility  of  ensuring  their  proper  usage. 

The  Laundry. — The  laundry  offices  may  be  placed  either  near  the  kitchen  offices 
or  away  from  the  house,  the  advantage  of  one  or  other  arrangement  depending  upon 
the  special  circumstances  of  individual  cases. 

Tliey  consist  of  washhouse,  laundry,  drying-room,  and  soiled-linen  room. 
The  washhouse  should  be  an  airy,  well-lighted  room,  with  an  open  roof  i)rovided 
with  ample  ventilation  by  means  of  louvres  at  the  iiighest  point.  Provision  should 
also  be  made  for  the  admission  of  fresh  air  either  at  the  floor-level  or  about  six  feet 
above.  The  wall  and  floor  niust  be  of  some  non-absorbent  substance — glazed 
bricks  or  tiles  for  tlie  Avails,  and  Portland  cement  or  asphalte  for  the  floor,  being 
about  the  most  suitable  materials. 

Provision  should  be  made  by  means  of  open  channels  of  glazed  stoneware  to 
cany  off  the  water,  when  the  floor  is  washed  down,  into  a  gulley  grating 
situated  outside  the  building. 

The  ordinary  apparatus  for  a  washhouse  consists  of  a  large  copper  for  boiling 
linen,  and,  wliere  machines  are  not  used,  as  many  washing-troughs  as  may  be  needed, 
each  provided  with  a  supply  of  hot  and  cold  water.  Wooden  standing-boards 
should  be  provided  in  front  of  these  troughs,  which  .should  be  placed  in  front  of 
the  windows.  It  may  also  1)6  necessary  to  provide  space  for  wasliing  and  wringing 
machines. 


LAUNDKY,  LINEN,  AND  STOUE-ROOMS. 


laundry.     When  coveiea  ^  ^^^^^^ 

coils  o  l-P-'  Jf  into  the  laundry,  .vhere  the  dried  linen 

^Sirther         livision  must  be  raade  for  the  escape  of  stea.  fron. 

'^1rr!:t  soUed  imen  will  be  a  small  but  .elUigbted  roc,  with  a^de 
shelf  for  sorting.    By  preference,  this  room  should  be  long  and  narrow,  with  the 

''Irh'tl^J^tffices  as  described  above  are  suitable  for  large  country  houses. 
In  houses  of  a  smaller  kind-as,  for  instance,  an  average  country  rectory-a  wash- 
house  is  all  that  can  usually  be  provided.  ^   ^1  „n„,+ 

The  -reat  importance  of  thorough  ventUation,  and  ample  lighting,  to  the  smallest 
as  well  as  to  the  largest  laundries,  can  hardly  be  too  strongly  insisted  upon.  And 
in  the  case  of  a  room  used  solely  for  the  reception  of  soiled  linen,  it  is  obviously  of 
the  highest  importance  to  secure  the  possibility  of  thoroughly  changing  the  air  ot 
the  room  in  a  short  space  of  time. 

Where  shoots  are  used  for  conveying  soiled  linen  from  upper  storeys  to  the 
ground,  it  is  desirable  to  fit  them  up  with  canvas  lining  that  can  easily  be 

removed  for  cleaning.  i  i  i 

Stores  come  under  two  heads.  The  first  may  be  classed  under  the  general  head 
of  arocery  or  dry  goods,  the  second  under  that  of  linen. 

°The  store-room  proper  is  usually  placed  among  the  servants'  offices,  and,  where 
there  is  a  housekeeper,  is  in  her  charge.  Tea,  sugar,  coffee,  rice,  preserves,  candles, 
and  many  other  things  necessary  either  for  the  kitchen  or  other  parts  of  the  house, 
are  here  stored.  It  will  therefore,  even  in  a  house  of  moderate  extent,  be  a  fair- 
sized  room.  It  should  be  fitted  up  with  large  and  deep  drawers  and  shelves  all 
around,  and  a  strong  deal  table,  on  which  to  stand  the  various  canisters  and  other 
vessels  in  use  when  stores  are  being  given  out.  Space  should  be  provided  for 
barrels,  and  for  the  large  earthenware  pans  in  which  sugar  is  kept.  Lastly,  the 
room  should  be  thoroughly  dry  ;  there  should  be  ample  light  and  ventilation,  and 
the  aspect  should,  if  possible,  be  north. 

The  linen-room  is  best  placed  near  the  bed-rooms.  Of  cour.se,  in  the  smaller 
kind  of  houHPs  it  must  necessarily  be  a  mere  closet  with  shelves  ;  but  where  space 
will  admit  it  ought  to  have  a  window,  however  small.  In  large  establishments  the 
stock  of  linen  (in  which  term  are  included  blankets  and  counterpanes)  will  be  very 
extensive.  The  linen-room  sliould  be  large  enough  to  contain  the  whole  store  of 
linen  on  shelves,  or  in  presses  along  the  walls,  and  to  afford  space  for  a  table  in  the 
centre  for  examining,  sorting,  and  marking  linen.  There  should  also  be  a  fireplace, 
or,  at  any  rate,  some  means  of  warming  the  linen-room,  and  keeping  it  dry.  This 
can  often  be  managed  by  taking  the  hot-water  pipes  which  supply  a  bath  through 
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the  room.  -A  small  pedestal  stove  might  be  fixed  in  the  centre  of  the  room  on  a 
proper  stone  or  metal  hearth,  and  the  pipe  taken  about  1  ft.  6  in.  above  the  floor 
to  the  chimney-flue.  A  wire  guard  should  then  be  fixed  over  the  whole  len^^th  of 
pipe,  on  which  Imen  might  be  aired  along  tlie  entire  service. 

This  exhausts  the  list  of  domestic  offices  proper.  The  "important  points  to  be 
borne  m  mind  m  arranging  the  servants'  offices  are,  first,  that  they  should  be  as 
light,  cheerful,  and  comfortable  as  possible,  so  that  the  work  which  has  to  be  done 
in  them  may  be  performed  under  conditions  most  conducive  to  health  and  economv 
of  labour,  which  last  item,  in  these  days  of  scarcity  and  expensiveness  of  domestic 
servants,  is  every  day  more  important,  especially  in  small  establishments.  And 
secondly,  that  all  fittings  and  appliances,  of  whatever  kind  and  for  whatever  purpose, 
should  be  as  strong  and  simple  in  construction  as  possible. 


ENTRANCES. 
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CHAPTER  VII. 

THE  LIVING-EOOMS. 

Entrances  and  Passages-Stairoases-The  Diuing-room-Drawing-room-BreaMast-room,  Boudoir, 

and  other  subsidiary  Kooins. 

The  position  and  arrangement  of  the  principal  entrance  to  a  house  is  a  point  of 
very  considerable  importance,  being,  as  it  were,  the  key-note  to  the  ^yhole.  A 
grand  and  spacious  hall,  giving  access  to  small  and  mean-looking  rooms,  is  as  great 
an  offence  against  good  taste  as  the  opposite  extreme.  The  impression  left  on  the 
mind  in  either  case  is  that  of  incongruity. 

The  entrance-door  in  terrace  houses  of  the  smaller  kinds,  where  the  ground  floor 
contains  but  two,  or  at  most  three,  rooms,  must  necessarily  be  m  the  front;  but  m 
semi-detached  houses,  and  in  cottages,  there  is  more  scope  for  variation,  it,  as  it 
often  may  be  ^vith  advantage,  the  main  entrance  be  placed  at  the  side.    In  the  case 
of  a  corner  house,  in  a  row  of  terrace  houses,  for  instance,  this  will  obviously  be  the 
case,  as  not  onlv^vill  less  room  be  devoted  to  mere  passage,  but,  by  a  little  attention 
to  the  details  of  planning,  the  entrance-hall  and  staircase  may  be  made  to  appear 
more  spacious,  while  in  reality  occupying  less  space  than  those  in  the  adjoining 
houses  with  doors  in  front.    Another  advantage  will  be  the  additional  size  of  the 
front  sitting-room.    In  the  case  of  semi-detached  houses  with  a  basement  floor,  the 
advisabUity  of  entering  at  the  side  will  depend  greatly  on  the  width  of  the  ground 
on  which  the  house  stands,  as  space  must  be  left  at  the  side  of  the  steps  leading  up 
to'.the  entrance-door,  to  afford  access  to  the  back  door  and  the  gardens,  and  also  to 
allow  of  the  contents  of  the  dust-bin  being',  removed  without  passing  through  the 
house.    In  situations  where  the  value  of  land  is  not  as  great  as  it  is  in  the  immediate 
neighbourhood  of  most  large  toAvns,  it  is  not  unfrequently  the  custom  to  arrange  the 
smaller  kinds  of  houses  . without  a  basement,  and  so  to  place  the  sitting-rooms  one  on 
either  side  of  the  front  door,  with  the  kitchen  ofiices  at  the  back.    This  kind  of 
house,  known  commonly  as  "  double-fronted,"  is  much  sought  after  and  peculiarly 
beloved  by  matrons,  as  presenting  the  appearance  of  a  much  larger  house  than  it  is 
in  reality.    As  a  matter  of  fact,  most  of  these  houses  could  be  vastly  improved 
by  relegating  the  entrance-door  to  a  more  modest  position  at  the  side,  and  adding 
the  space  thus  gained  to  the  front  rooms. 

In  plaiming  the  front  or  entrance-door  to  a  small  house,  of  whatever  kind,  it  is 
most  important  to  keep  well  in  view  the  position  of  the  staircase,  and,  in  fact, 
to  plan  both  door  and  staircase  together,  as,  in  order  to  obtain  a  successful  result, 
it  will  be  necessary  to  utilise  to  its  utmost  extent  every  available  inch  of  space. 

The  front  entrance  should,  in  large  houses,  as  a  rule,  be  placed  on  the  opposite  side 
of  the  house  to  that  on  which  the  principal  sittmg-rooms  are  placed.  It  will  thus  be 
more  readily  accessible  from  the  servants'  side  of  the  house,  and  the  sitting-rooms 
will  not  be  overlooked  from  the  carriage-drive.  Cu'cumstances  of  site,  aspect,  and 
approach  have  each  their  influence  on  the  position  of  the  principal  entrance,  so  that 
in  houses  above  the  suburban  villa  class  no  strict  rule  can  be  laid  down  on  the 
subject.    In  houses  of  the  villa  class  the  choice  is  limited  between  a  front  entrance 
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and  a  side  entrance.  Both  have  their  advantages,  which  will  be  move  clearly  shown 
when  the  plannnig  of  special  kmds  of  houses  is  under  consideration.  The  subordi- 
nate entrances  consist  of  the  tradesmen's  entrance,  the  garden  entrance,  and  the 
door  to  the  kitchen  yard.  To  these  may  be  added  a  separate  entrance  to  tho 
business  or  justice-room  in  large  mansions,  and  to  the  parish-room  in  rectories. 

The  front  entrance-door  should  give  access  to  a  vestibule,  on  one  side  of  which  a 
cloak-room  with  lavatory  and  water-closet  should  be  arranged.  On  the  other  side, 
where  possible,  should  be  the  communication  with  the  servants'  quarters.  It  is  also 
usual  in  large  houses  to  have  a  porch  large  enough  for  carriages  to  be  driven  under- 
neath, so  as  to  set  down  under  cover.  For  want  of  a  better  name,  this  is  usually 
called  a  "  Porte-cocher." 

The  hall  will,  of  course,  be  more  or  less  spacious,  according'  to  the  size  of  the 
house.    In  country  houses  it  not  unfrequently  serves  as  the  billiard-room.    In  any 
case,  except  where  it  is  a  mere  passage,  it  should  be  capable  of  being  furnished,  and 
used  as  a  sort  of  extra  sitting-room,  and  should  have  a  fireplace.    The  hall  may  also 
be  taken  up  two  storeys  in  height,  and  have  a  gallery  round  it,  giving  access  to  the 
ujjper  rooms.    The  staircase,  too,  can  be  made  to  form  an  important  feature  in  the 
hall.    In  fact,  there  is  scarcely  any  limit  to  the  amount  of  architectural  display  of 
which  this  part  of  the  house  is  susceptible.    Where  the  space  will  permit,  which  is 
the  casein  all  houses  except  those  of  the  smallest  villa  type,  the  hall  with  the 
entrances  to  the  difterent  reception-rooms  should  be  shut  off  from  the  rest  of  the 
house.    Access  to  the  kitchen  and  servants'  offices  will  be  most  conveniently  placed 
near  the  dining-room,  an  arrangement  which  sviW  permit  of  the  servants  reaching 
the  dining-room  or  serving-lobby  without  crossing  the  hall.    The  offices  can  be 
arranged  on  either  side  of  the  passage,  or  in  the  form  of  a  quadrangle  with  the 
passage  on  the  inner  sides.    The  passages  and  thoroughfares  in  the  upper  floors  vary 
in  extent  with  the  size  and  number  of  rooms  on  each  floor.    No  very  stringent  rules 
can  be  laid  down  for  the  arrangement  of  passages  where  so  many  diverse  conditions 
and  possible  requirements  exist.    It  may,  however,  be  taken  as  an  absolute  rule, 
Avithout  any  exception,  that  passages  must  be  lighted  directly  from  the  open  air. 
They  should  also  be  as  broad  as  circumstances  will  admit.    Where  such  a  lavish 
expenditure  of  space  is  permissible,  the  passages  may  be  wide  corridors  or  galleries, 
with  recessed  windows,  in  which  seats  can  be  arranged.    In  planning  the  passages, 
especially  in  small  houses,  economy  in  the  matter  of  carpets  should  receive  due 
attention.    This  remai-k  will  apply  equally  to  the  stau'case. 

Staircases. — Lord  Bacon's  idea  of  what  a  staircase  should  be  is  worth  quoting 
here  : — "  The  stairs,  likewise,  to  the  upper  rooms,  let  them  be  upon  a  fair  open 
ncAvel,  and  finely  railed  in,  with  images  of  Avood  cast  into  a  brass  colour ;  and  a  very 
fair  landing-place  at  the  top."*  The  "  fair  open  newel  "  is  evidently  a  reference  to 
the  open  staircases,  first  constructed  in  Queen  Elizabeth's  reign,  Avhich  succeeded  tho 
old  Gothic  staircase  buUt  round  a  solid  stone  wall,  and  often  circular  on  plan.  That 
the  open  arrangement  was  a  vast  improvement  on  the  old  corkscrew  staircase  will  not 
be  denied.  The  principal  staircases  in  many  of  the  old  Elizabethan  mansions  which 
remain  to  us  are  patterns  of  what  the  staircase  ought  to  be.  Usually  constructed 
entirely  of  oak,  the  steps  wide,  and  Avith  a  Avell-proportioned  rise,  square  landings, 
and  Avith  handsome  carved  balusters  and  handrail,  tliey  form  an  imposing  feature  in 

*  "Essay  on  Building." 
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above.    Two  very  common  f^"^*^  f^^^^^J^^'^^^  any  break  or  landing;  and 

houses.  They  are,  first,  stairs  -  l«"g  f  f J^^^.,,  -winding"  steps.  The  stair- 
secondly,  what  is  usually  a  ;«-«^;7^rHt  to  B  nld  a  House,"  exldbit  each  of 
cases  shown  in  M.  Violet-le-Duc's  book,  "^ow  to  Bu  h  AigUt, 

these  faults  in  a  marked  degree.  ^^^^^^^^^^  is  aU  "  binders,"  being 
,vith  winding  steps  at  each  end  and  the  ^^'^,^1         ^.^^^  planning,  ^nd 

in  fact,  the  old  mediceval  turret  —  -p  oduced.  ^^^^^^^ 
a  little  additional  space  allotted  to  the  staiis,  oo  .    ^j^^-  .       Two  inter- 

There  ought  to  be  a  landing  to  at  least  -ery  -  £e  o^^^^^^^^^ 

n.ediate  landings  in  a  height  of  eleven  or  ^^^^^^^  J^^^^  ,^1^,^^,^.  The  proper 
»Wlers,"  under  no  consideration  ^^^^^^^^^^^^^^^  .taircase.'  The 

gradient  for  the  steps  is  a  very  important  f  .^^^^  .^Interior  Construction." 

^cale  which  is  found  in  practice  to  be  best  xs  g--  ^^^^    f^'^^^  i, 

Sand  atl^tL'dimension^  seem  to  err  in  making  the 

and  thereby  increasing  the  exertion  necessary  m  ascendmg.    ^'^'''\^^'''''^  ^^^^^^ 
taircases  a'lmit,  however,  of  a  smaller  rise  than  1-  ^  J^^^ 

rise  and  eleven  inches  tread  afford,  perhaps,  the  most  practicable  stair  toi  oi  m  J 
nse  The  back  stairs,  and  stairs  in  small  houses,  where  space  is  necessanly  limi  ed 
Z'.  have  '  risers  "  as  hi^^h  as  seven  and  a  half  inches,  with  treads  nine  inches  wiae. 
S^rioft:,  ^^^^^^  ap;roach  more  to  the  character  of  a  step-ladder,  may  be  some- 

^^TlT^rstTf^^g  access  to  the  bed-rooms  from  tl^eservai^ offices 
without  using  the  principal  staircase.  In  town  houses  they  are  ^^^^ 
wk  in  behind,  or  at  the  side  of  the  principal  stau^case.  In  al  houses  where 
Ttt  possible  a  back  staircase  should  be  provided,  and  in  immediate  c— 
cation  with  it  the  housemaid's  sink  should  be  arranged.  Additional  taiicases 
must  be  provided  where,  under  some  other  circumstances,  the  arrangements  of  the 
house  requii-e,  as  for  a  nursery  staii-,  and  one  for  access  to  the  men-servants 

bed-rooms.  .  ,  ., 

The  Family   Living-rooms.— Betvfeen   the  labourer's  cottage,  with   its  one 


living-room  servmg  also  as  kitchen,  and  the  mansion  of  a  nobleman,  with  its  suites 
of  reception-rooms— "a  Side  for  the  Banquet,  as  is  spoken  of  m  the  Book  ot 
Esther,  and  a  Side  for  the  Household"  *-there  are  many  steps  ;  but  inasmuch  as 


there  are  certain  fundamental  rules  which  govern  all  the  various  classes  of  houses 
interraecUate  between  these  two,  the  requirements  of  such  rooms  only  as  are  common 
to  all,  or  nearly  all,  can  here  be  defined. 

The  Dining-room.— The  best  aspect  for  a  dining-room  is  south-east,  or  south- 
south-cast.  This  allows  the  sun  to  shine  into  it  in  the  morning,  which,  when  tho 
room  is  used  also  as  a  breakfast-room,  as  it  usually  is,  is  pleasant  enough.  In  the 
evening,  when  people  are  dining,  the  effect  of  the  sunset  is  seen  without  the  in- 
convenience of  direct  rays  penetrating  into  the  room.  A  westerly  or  south-westerly 
aspect  is  therefore  to  be  avoided.  A  dinuig-room  should  be  oblong  in  shape,  and 
the  windows  may  either  be  placed  on  one  of  the  longer  walls,  or  at  one  end. 

*  Bacon,  "Essay  on  Buiklins  " 
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iireplace  (k)  i.  at  the  end  oppVsite\r  J  W  T 

reception-rooms  ;  b,  that  to  the  servingrom      '  ^^^^^  heading  to  the  other 

Fig.  24  shows  a  room  t%yenty,four°fppf-  ]n,irr  i.^  •  x 

of  the  end  wall  is  occupied  by        W      T   ^  ^''^            ^l^e  whole 

by  the  dotted  lines,  nught  be  forled               .l"'."  ^  as  indicated 

It  should  be  noted  tW  1  /       "  ^''P^^'"'  ^'''^  ^ 

noted  that  a  room  of  this  shape  can  be  lighted  with  fewer 


SIBEBOAKD 


1_J 


Fig.  23, — ^Dining-room. 


Fig.  21.— Small  Diuing-room, 


Wows  if  they  ^are  placed  on  one  of  the  sides  than  would  be  necessary  if  the 

end  Avail  only  be  used  for  the  purpose. 

The  dimensions  of  a  dining-room  should  be  arranged  with  a  view  to  the 
puipose  for  which  the  room  is  to  be  used-namely,  for  meals.    The  size  and 
position  of  the  furmture-more  particularly  the  table-must  therefore  be  care- 
fully considered.     A  dining-table  is  usually  about  three  feet  six  to  four  feet 
wide;  sometimes  more.    Taking  the  width  at  four  feet,  a  space  of  one  foot  nine 
must  be  added  on  each  side  for  people  sitting  at  table.    This  gives  a  total  width 
between  the  backs  of  the  chairs  of  seven  feet  six  inches.    A  three  feet  passage- 
way on  each  side  is  the  minimum.    This  gives  a  dimension  of  thirteen  feet's°ix 
inches  clear  of  the  projection  of  the  chimney-piece.  Fifteen  feet  is  a  better  size,  and 
if  length  be  added  in  proportion,  any  width  between  that  and  twenty-four  feet  is 
clear  gain.     A  dining-room  twenty-four  feet  by  thirty-two  feet  may  be  called  a 
grand  room.     The  best  rule  for  proportion  of  length  to  breadth  is  probably 
about  three  to  two.    Thus  a  room  about  fifteen  feet  wide  should  be  tAventy  feet 
long.    Less  length  Avill  suffice,  but  for  appearance  a  room  of  that  Avidth  should 
certainly  be  not  less  than  eiijhteen  feet  Ions. 

If,  as  19  usually  the  case  in  small  houses,  the  fireplace,  Avith  its  projecting  breast 
and  chimney-piece,  is  on  one  side  of  the  room,  the  window,  or  windows.  bein<r 
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 rTT^^e  or  hookfoTcWelier,  in  order  to  be  over  tlie  centre 

at  one  end ;  the  gas  pipe,  or  uuu  ^^roiectini^  cliimney-breast  and 

of  the  table,  sWd  be  fixed       -^^^      l^^e  ^t^^^  As  a  rule  it  is 

the  opposite  wall,  without  regard  to  the  ^^'^ ^I  f'J^'^J^  ^ith  the 

placed  centrally  either  with  the  J^'J^JZ-^Za.  has  to'be  placed 

pier  between  them.  ^^^^'^I'^l'  I'^o  that  the  lighting  arrangement, 
inconvemently  close  to  the   fixeplace    o  ^  ^^^^^  ^^^^^^^  ^^^^^^ 

T:Z^;Z^^^^^^-^  altogether,  this  is  a  point  wen  wo.h 

""''immediately  adioining  the  diiaia.g-room  is  the  serving-room,  where  space  wiU 
aUow  orsu^ to^^^^^^^^^^^      Where%he  kitchen  is  in  the  basement  tbere  shou  d 
beTimrr.e  enough  to  contain  dishes,  and  fitted  with  an  automatic  check  to 
wite  it  tn  going^p  and  down.    A  hot  closet  for  keeping  plates  hot  should  be 
pTvided  in  the%er:4-m.  The  communication  between  the  ^^^^J^^.^^^^^^ 
servin.-room  may  be  either  by  a  door  or  by  an  openmg  m  the  back  o£  the  ^^deboarcL 
The  pantry  may  with  advantage  open  out  of  the  servmg-room,   and  -h  - 
there  is  a  basement-kitchen  the  staircase  thereto  should  be  close  at  hand.  Besides 
the  hot  closet,  the  serving-room  should  contain  a  shelf,  and  possibly  a  small  table. 
Where  there  is  not  sufficient  space  for  a  serving-room,  and  the  dming-room  is  large, 
the  hot  closet  may  be  placed  at   one  end  of  it,  where  it  will  be  usefu   as  an 
additional  means  of  warming.    This  arrangement,  however,  would  have  the  dis- 
advantage of  being  intolerable  in  hot  weather.    In  small  houses,  and  where  the 
kitchen  is  on  the  same  floor  as  the  dining-room,  but  not  actually  adjoining  it  a 
servin-hatch  is  a  great  convenience,  as  it  obviates  the  necessity  for  frequently 
opening  the  door.    This  provision  obviously  pre-supposes  that  at  least  two  servants 

are  kept.  i  .  i  •    i       i         i  • 

The  Drawing-room.^'nie  aspect  of  the  drawing-room,  which  is  largely  used  in 
all  kinds  of  houses  in  the  afternoon,  should  be  sunny  and  cheerful.  South,  west, 
and  south-west,  are  all  suitable  aspects,  with  proper  appliances  in  the  shape  of 


I'ig.  25.— Drawing-room. 


verandahs,  and  sun-blinds  outside  the  windows,  to  screen  off  the  glare  and  heat  of 
the  midday  sun.  Nothing  can  be  more  cheerful  and  pleasant  than  to  sit  in  a  cool 
room  and  look  out  on  to  warm  and  bright  sunlight  without  being  affected  by  the 
direct  rays.  The  dimensions  of  a  drawing-room  are  susceptible  of  greater  variation 
than  those  of  a  diumf;-voom.    Where  there  is  no  other  room  available  for  assemblies 
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^ZX':^:::^^^^  -^-^  ^  -^^^^  H^el,  .  .e  used 

Plent,  o'f  space,  is  to  cW^^  ll  o1  IZZ'^lr^''^^^^^^^  ^^^^^ 
nearly  so,  by  columns  forming,  thp  no  /  ,'  T       S  ^  «P^««  either  square,  or 

sitting-room  for  two  ortW  1  7  ^    "TT  ^^^^  ^  -o^J 

admit^  of  any  number  of  rt  si   al  'T^^"  ^^^^  ^^--ng-rooo^ 

facilities  for  the  Lmplnv  to  r  ""^  °'  «^  which  afford 

company  to  form  themselves  into  groups  for  conversation  X^o 

dirly'"^~''*"'-'  "'^  <l-vi„  „V  cLmuZ;  ^tL  t,  W  not 

^fherever  sL.  1^1    ,,       V  s'"™''!  l""  arranged 

iiceuiiu  space  m  tlie  kitchen  arrangements 

some   mpoitance.    They  may  comprise  library,  boudoir,  morning-room,  biUiard- 

really  a  libzary  and  not  a  mere  smoking-room,  should  be  situated  in  some  quiet 

not  be  capable  of  bemg  used  as  a  passage  from  one  room  to  another,  though  a 
doorway  of  commun.catiou  witli  cither  the  dining-room  or  the  drawing-room  is  by  no 
means  a  disadvantage.  Tlie  doors  should  in  either  case  be  double.  Theprindpal 
purpose  for  which  a  library  is  needed  being  the  storage  and  study  of  books,  the 

lighted,  but  not  expascd  to  direct  sunlight.  Tor  this  reason  a  north  or  north-east 
aspect  IS  bes  suited  for  it.  Plenty  of  wall-space  must  be  provided  for  bookcases, 
anc  the  bookcases  should  be  all  arranged  for,  and  form  part  of  the  permanen 
architecture  of  the  room.  The  windows,  if  deeply  recessed,  and  of  sufficient  width, 
form  convenient  places  for  reading  or  wiiting,  and,  when  so  arranged,  should  each 
have  a  broad  seat.  Some  of  these  windows  may  conveniently  be  fitted  up  with 
sJielvcs  tor  opening  very  large  books  upon. 

The  boudoir,  or  morning-room,  is  practically  the  same  room  with  different 
names.  It  should  be  light  and  cheerful  in  aspect  and  appearance.  A  boudoir 
is  often  made  an  adjunct  to  a  bed-room  suite,  or  it  may  form  part  of  the 
drawing-room  suite.  The  shape  best  suited  for  a  boudoir  is  probably  square,  or 
nearly  so.^  Fifteen  to  eighteen  feet  each  way  is  about  the  most  suitable  size. 

The  billiard-room  is  nowadays  an  invariable  adjunct  to  all  country  houses  of 
any  pretension.  It  should  be  lighted  from  the  roof  wherever  it  is  possible  to  do 
so.  Tlie  best  method  of  accomplishing  this  is  by  a  lantern-light  with  sloping  sides, 
or  by  wide  windows,  close  up  to  the  ceiling,  along  three  sides  of  the  room.  *  These 
windows  should  be  placed  some  six  or  seven  feet  above  the  floor,  and  should  be  as 
close  together  as  can  be  managed.  The  proper  means  to  be  adopted  for  preventing 
the  rain  from  making  its  way  in  and  falling  on  the  table,  and  also  for  carrymg  off  the 
moisture  of  condensation,  will  be  found  described  under  "  Interior  Construction." 
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^^^^^^^^^^^^^^^^^^^^^^ 

sufficient,  does  not  tall  on  the  players  and  the  'f^^'y^T^^  'elet  all  round  it  I, 
of  a  full-sued  UUiard-taHe  is  twelve  feet     - :  ™  ^'^'^^^  „„„e  of  twenty 

„ith  conrfort    This  n,ay  be  done  very  effects  el,  by  a  projee  . 

—zz^:^^  ^^^^^  r  •  -  z:^ 

vTbration.    If  near  the  ground,  this  can  best  be  clone  by  forming  two  parallel 

WIS,  fiv^e  feet  nine  inches  apart  from  -tre  ^^^^^^^^^^^^^^^ 
thele^slenc^thways:  If,  however,  the  room  is  man  upper  storey  it  will  be  iiecessa  y 
intfoduc^^  tlJe  roll'ed  iron  Joists  of  adequate  strength  ^  ^^i^^^^^^^^  ^ 

room,  at  distances  apart  of  six  feet  from  centre  to  centre,   if  the  table  has 
le"s  and  four  ioists  if  it  has  eight  legs.  . 

°  mere  a  music-room  is  required  it  will  probably  be  a  room  of  soxne  size  and 
pretension  If  an  organ  is  contemplated  the  height  of  the  room  will  have  to  be 
L:Se:ed  in  connection  with  the  height  of  the  organ.  Probably  the  best  s^iapo 
for  this  room  is  a  long  and  comparatively  narrow  one.  The  materials  of  which 
the  room  and  its  decorations  are  formed  should  all  be  selected  with  a  view  to 
increasing  its  acoustic  properties.  ^-A4-n  vff 

A  Smoking-room  has  sometimes  to  be  provided,  and  possibly  two.  At  Uarclitt 
Castle,  in  the  new  tower  designed  by  the  late  Mr.  Surges,  A. R. A.,  there  is  a 
summer  smoking-room  and  a  winter  smoking-room.  But  this  is  a  rehnement  ot 
luxury  permissible  only  to  the  few.  There  should  be,  in  close  proximity  _  to  the 
smoking-room,  a  suitable  lavatory;  a  water-closet  may  likewise  be  provided  in 
connection  therewith. 

Several  of  the  most  usual  kinds  of  living  or  day  rooms  have  now  been  enumerated, 
but  there  are  others,  of  which  mention  has  not  been  made— such  as  picture-gaUeries, 
sculpture-galleries,  and  ball-rooms— which  have  at  times  to  be  arranged.  These, 
however,  appertain  only  to  houses  of  palatial  type.  It  is  also  sometimes  necessary  to 
have  separate  suites  of  rooms  for  entertainments.  All  these  things  have  to  be  con- 
sidered in  their  turn,  but  underlying  the  whole  subject  of  the  arrangement  or 
planning  of  living  and  reception  rooms  is  the  fundamental  rule  that  each  room  must 
be  carefully  planned  with  a  view  to  its  special  occupation  or  use.  As  a  dining- 
room  cannot  be  satisfactorily  planned  without  the  position  of  table,  sideboard,  door, 
fireplace,  and  windows  being  carefully  thought  out,  so  neither  can  a  billiard-room 
be  desitrned  Avithout  taking  account  of  the  billiard-table  and  the  space  around  it,  or 
a  library  without  arranging  the  position  of  the  bookcases. 
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CHAPTER  VIII. 

BED-ROOMS,  NURSERIES,  AND  BATH-ROOMS. 
General  Eequirementa  of  Bed-rooms-Dressing-rooms-Nurseries-c^,nf»=  f  ^ 

bed  to  face  the  light.    It  should  always  be  bon.e  in  mind,  raoZZ  tJ  eyZ 
bed-roozn  zs  a  possible  sick-room  ;  for  a  person  ill  in  bed  to  have  a  window  lirectiy 
opposite  his  eyes  is  to  the  last  degree  trying.    On  the  other  hand,  when  t  ie  S 
xs  well  enough  to  read,  a  window  on  one  side  of  him  is  just  what  he  requ  re 
lias  been  said  above  that  the  windows  to  bed-rooms  should  not  be  overdone.    I  is  a 
common  fau  t  xn  modern  houses  to  overwindow  the  bed-rooms,  and  a  most  incon- 
venient fault  it  IS.  as  It  greatly  increases  the  difficulty  of  hnding  suitable  positions 
tor  the  furniture,  and  of  maintaining  an  equable  temperature.    In  houses  of  the  villa 
type  It  IS  often  next  to  impossible  to  avoid  placing  the  bed  either  opposite  the  window 
or  directly  in  the  draught  between  tlie  door  and  the  window.    In  this  case  the 
former  alternative  should  be  preferred.    A  bow  or  square  projecting  window  is  a 
xisetul  addition  to  a  bed-room,  giving  space  for  the  dressing-table,  and  leaving  more 
tree  floor-space-a  very  desirable  point  to  attain.    Again,  bed-rooms  should  always  be 
capable  of  being  used  as  sitting-rooms.    This  is  more  especially  the  case  with  spare 
bed-rooms  or  visitors'  rooms.    Where  space  will  admit,  proper  accommodation  should 
be  provided  for  a  writing-table,  easy  chair,  and  sofa,  besides  the  ordinary  furniture  of 
the  bed-room.   Wardrobes  ought  to  be  made  part  of  the  permanent  construction  of  the 
room,  and  not,  as  is  usually  the  case,  separate  pieces  of  furniture.    Recesses  can  often 
be  formed  and  fitted  up  as  wardrobes.    Thus  three  large  collecting  surfaces  for  dust, 
at  the  top,  between  the  back  and  the  wall,  and  underneath,  will  be  abolished. 

Bed-rooms  in  large  houses  may  often  be  conveniently  arranged  in  sets.  Tlius 
one  set  may  be  appropriated  to  bachelors  and  another  to  young  ladies. 

In  all  houses  where  it  can  possibly  be  arranged,  one  or  perhaps  two  rooms  should 
be  so  planned  that  they  can  be  used  as  sick-rooms.  This  is  especially  desirable 
in  cases  of  infectious  fevers,  or  where  absolute  quiet  is  necessary.  They  should  be 
capable  of  being  shut  ofi"  by  a  lobby  from  the  rest  of  the  house,  and  a  water-closet 
and  slop-sink  should  be  so  arranged  that  in  cases  of  illness  they  could  be  appropriated 
entirely  to  the  use  of  the  sick-room.  Independent  access  as  far  as  practicable  should 
also  be  contrived,  in  order  that  communication  with  the  sick-room  may  be  had  with 
the  least  possible  risk. 

The  principal  bed-rooms  in  all  houses,  even  in  the  smaller  class  of  semi-detached 
vUlas,  usually  have  a  dressing-room,  and  sometimes  two,  attached  to  them.  Separate 
access  must  in  all  cases  be  provided  to  the  dressing-rooms,  inasmuch  as,  if  entered 
only  through  the  bed-room,  half  the  value  of  a  dressing-room  is  lost.    A  dressing- 


NURSERIES. 


 \         r  qnd  should  not,  as  is  often  the  case  in  London 

room  should  always  have  a  fireplace,  ^'-^^f'^^       '  ^^^^  -^^  ^-^^  l^ouse.  A 

houses  built  a  dozen  years  or  so  -f'J^^^^^^  ^^ist  of  the  bed-room,  two 
complete  bed-room  suite  m  a  large  house  will  otten  cons 

dresWrooms,alWoir,abath-room,andawa^^^^^^  ^ 

^..«-The   nursery  ;^ep—  he  time  it  should 

convenient  distance  of  the  bed-room  f^^^  P^^J^'t.!,       ^^^^^^,^^,1       the  comfort 

"  n^::::  t  r  :;de.^t  -  however  W  p^P. 
^;:ScS:n,there^tim.w^^^ 

::::™mX:P:n;t       ;r ^tSe,\s  both  unnatur.  and  un.i.  The 
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rig.  26.— Ntirsery  Suite. 

nurseries,  then,  should  be  so  shut  off  from  the  rooms  occupied  by  the  adult  membera 
of  the  family  and  the  visitors,  that  the  cliildren  can  play  and  make  what  noise  they 
please  without  fear  of  correction. 

Very  often  the  nursery  must  consist  of  a  couple  of  rooms  at  the  top  of  the 
house,  taken  much  as  they  are.  "What  can  b^  done,  or  should  be  done,  with  such  a 
nursery,  as,  indeed,  with  one  of  any  size,  will  be  treated  of  in  detail  by  Dr.  Squire, 
whose  province  it  is  to  treat  of  whatever  nursery  may  be  ready  to  his  hand.  ■  Here 
it  can  only  be  pointed  out  that  a  perfect  nursery  suite,  on  a  large  scale,  should 
consist  of  a  day-room,  a  bed-room  for  the  head  nurse  and  two  or  three  younger 
children,  two  or  three  additional  small  bed-rooms  for  the  elder  children  and  the 
under  nurse,  a  dressing-room,  a  scullery,  a  bath-room,  and  a  water-closet. 

The  day-room  should  be  a  well-lighted,  cheerful  room,  with  a  sunny  aspect.  The 
look-out  should  be  as  interesting  as  possible  to  the  children,  and  every  means  .should 
be  taken  to  make  the  aspect  of  the  room  as  bright  and  cheerful  as  possible.  A 
cheap  and  effective  mode  of  attaining  this  end  is  to  cover  the  walls  with  some  plain 
and  simple  paper-hanging,  with  a  very  unobtrusive  design,  and  on  this,  at  suitable 


88 


OUR  HOMKS. 


27.— Fire-gunra. 


intervals,  to  paste  coloiirecl  pictures      TT^T^Iw^       71^       '      '  '■  

cave  in  or.l«.  to  accustom  tl^  Jllit 

coloiu-uig.     The  ,WioIo  of  tl,.            •  .    ^  ^""^  drawmg  and  haraonioii, 

and  a  cL.  wa^lttll'-t^teS  ^^^'^ 

the  t;z:!t:;:'r;ott^^^^^^^  °'  f  r "  " ^ 

be  provuled,  and  a  guard  somewhat  in  the  form  shown  in 
lig.  27  firmly  fixed  to  the  chimney-piece,  to  serve  the 
purpose  both  of  fender  and  guard.    The  curved  top  mic^ht 
hinge  to  fall  downwards,  in  order  to  give  access  to  the  fi're 
ihe  extra  rod  sometimes  fixed  in  front  of  the  ordinary 
nursery  fire-guards  for  airing  linen  should  on  no  account 
be  permitted  ;  on  the  contrary,  every  obstacle  should  be 
put  m  the  way  of  this  undesirable  practice,  which  for 
reasons  given  when  treating  of  the  nursery  specially,  should 
never  be  carried  on  in  the  nursery  living-rooms  The 
windows  should  be  low  enough  for  the  children  to  be  able 
to  look  out,  proper  precautions  being  taken  bybai-s  or  wire 
blinds  to  prevent  accidents. 

The  bed-room  should  adjoin  the  day-room,  and  may 
communicate  with  it  either  by  a  door  or  by  a  window 
,  .  T  ,  ,        opening  for  ventilation.    The  maximum  accommodation  to 

bn^ff" ^  '''''''  "^'^  Calculating  on  a 

bas  of  1,000  cubic  feet  per  head,  we  have  a  room  30  ft.  long,  16  ft.  wi5e,  and 
I V  It.  0  in.  Jngli.  I  Ins  perhaps  is  somewhat  extravagant.  Reckoning  two  children 
to  tJie  cubic  space  of  one  adult,  the  total  cubic  space  is  reduced  to  3,000  feet 

'9?ri'  '/'T  ^°      ^'S^'-        ^  dimension^ 

<i:ig.  Jb)  the  fireplace  should  be  put  in  the  opposite  wall  to  that  in  which  the  door 

from  the  passage  is  formed.  An  aperture  should  be  formed  under  the  door  that 
the  air  may  be  constantly  flowing  from  the  passage  to  the  fireplace.  By  this  means 
a  constant  stream  of  air  at  the  floor-level  can  be  kept  up  all  through  the  night. 
The  window  in  the  bed-room  should  be  at  least  three  feet  from  the  floor,  and  should 
be  continued  up  to  the  ceiling-level.  No  closet  or 
unnecessary  recess  should  be  formed  in  the  bed-room, 
which  is  to  be  regarded  simply  as  a  dormitory, 
and  must   contain  nothing  but  the  beds. 

Adjoining  the  bed-room,  and  in  immediate  commu- 
nication therewith,  is  the  dressing-room.  This  room 
should  be  of  sufficient  size  to  contain  a  dressing-table 
and  a  washstand.  It  may  also  contain  the  bath  and 
a  press  or  wardrobe  for  the  nurse's  and  the  children's 
clothes.     The  bath,  however,  is  better  in  a  separate 

room.    There  should  be  a  fireplace  in  the  dressing-room,  and  a  gas-jet  with  an 
appliance  for  heating  a  kettle  or  saucepan. 

The  small  bed-rooms,  being  designed  for  children  old  enough  to  wash  and  dress 
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servants'  bed-kooms.  


^^^^^^^^^^^^ 

The  scullery  is  the  ''f'^^-''''X;ZT\r  l''«'n.n  co  Jge  range  with  an  oven 
even  to  the  boiling  the  ■™>-ry  ".et  le  to.  tc^    A  ^^^^  ^ 

should  be  P™-aed  anc la  s„n^  of  .»t  »>d  »  ,  ^        ^^^^  therefore  be 

nse  in  the  nursery  should  be  stoieo  am.  up.    Tlio  scullery,  too,  is 

necessary  to  provide  a  china-closet  and  sink  to   v.«l  m     ,  ^^^^ 

the  proper  place  for  airing  tta  T^'y  ''f^^^^^thes-horse.    A  galvanised  iron 
arranged  in  front  ot  the  fireplace  for  a  go«W 

coal-bunker  of  -K"'-^ -P^^  f  ^seTt  wLs^       broo,ns  and  a  slop-sink 
advantage  be  provided  Lastly, 

should  be  an-anged  in  connection  ™ ^  department,  serving  to 

The  bath-roon,  is  a  ^o J  o^^^^^^^  day-roon,',  and  also  greatly  to 

-e.ea,.  of  heating  should  be  provided. 

either  by  a  coil  of  ^^^^^^      IX" 'ptlicable  from  the  other  rooms  ; 

,  p^iri^"  rety-irof .  ^x  — — - 
''T:::tLr~~  --'foirth:: 

m  aiidu_,uij3  xi     i!.„f  +i-,Qf  plnlrlrpn  s  lei's  are  shorter  tnan 

staircase),  regard  should  be  ''"l  f  trL or  adSt  legs  is  steep  and 

giwn  people  s.  ;j  :™\„„aemned  as  extravagant,  it 

r;r  rtd  rstai,tL"ed  spedav  f.  - 
i  fixrbfir:  tr;ai.s^='  ttif  rn  jr 

Ilu^n"tn  them  shonil  be  an  impossibility.  A  small  gate  with  a  good  spi^g 
lawC  out  of  reach  of  the  younger  children,  should  be  provided  at  the  top  o£  this 

^IlT  nursery  suite  described  above  is  one  of  a  very  complete  and  even  elaborate 
kind  and  one  only  possible  in  oases  where  the  necessarily  large  outlay  could 
b  made  By  a  car  fnl  application  of  the  principles  to  be  observed  m  the 
Ln  ment  a'nd  internal  economy  of  the  nursery,  enunciated  later  on,  the  variov^ 
pits  may  be  condensed  and  sinipliBed.  Where,  as  is  usually  the  case  m  smal 
houses,  two  of  the  ordinary  rooms  of  the  house  have  to  be  applied  to  P-T"- 
of  the  nursery,  it  must  be  an  absolute  rule  that  neither  of  these  rooms  shall  be  m 

the  basement.  -j.         i  +i 

T]ie  school-room  may  conveniently  be  placed  near  the  nursery  suite  and  the 
bed-rooms  of  the  elder  children,  and  of  the  governess,  should  be  arranged  m  prox- 
imity thereto.  Good  light  is  an  essential  to  a  school-room,  Avhich  should  be  some- 
what lon-er  than  its  width,  with  the  windows  arranged  on  one  of  the  longer  sides. 
"A  complete  bed-room  suite  has  all  the  requirements  necessary  for  a  school-room 
suite,  and  may  be  appropriated  to  this  purpose,  the  dressing-room  being  the 
governesses'  bed-room."* 

Servants'  Jkd-rooms.—The  sleeping  accommodation  provided  for  servants  is  too 
often  of  a  very  objectionable  character.    Ill-lighted  attics  with  sloping  roofs,  often 
*  Stevenaou's,  "House  Architecture,"  Vol.  II.,  p.  73. 
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4Ca::  '^-xz^z  s    s:';r?  rr 

the  l  ooms  under  her  control.    A  bath-room  should  be  provided  for  the  use  of  the 
n  r:rr''  "'^'^  ----^-ces  permit.    The  men-servants'  be  1-  «i  not 
as  a  rule,  be  so  numerous  as  those  of  the  women-servants.    In  country  hous  th 

Z  Zf  ™!f '  ^-r'        '^-^^  being  pu   cll  0 

his  pantry  and   tlxe  plate-safe.     Rooms  will  likewise  have  to  be  provided  for 
^tors'  servants.    An  arrangement  like  the  cubicles  in  .school  dormito\-i  s  may 
Mr.  S  evenson  suggests,  be  conveniently  made  for  this  purpose.    A  Ion. 
dmded  by  boarded  partitions  into  compartments,  each  about'six  feet  by  t^en  fe  ' 
and  each  provided  with  bed,  washstand,  and  shelf  to  serve  as  dressing-Lie  ^  i 

^^^-^^^^^^^-^  — ^  -^11  — r  -re 

Mtl^roovis  and  Water-closets. -m^yi,cUy^  every  house  of  a  rental  value  of  £45 
to  ±^5U  a  year  and  upwards  has  its  bath,  with  hot  and  cold  Avater  service 

Ihe  advantages  of  bath-rooms  with  proper  water-supply  over  portable  baths, 
both  111  point  of  convenience  and  economy  of  labour,  can  scarcely  be  overrated 

In  small  houses  there  i^  no  reason  why  the  bath-room  should  not  also  contain 
the  water-closet.  It  is,  of  course,  better  to  separate  the  two  where  sufficient  space 
can  be  had.  In  large  houses  a  bath-room  should  be  attached  to  each  of  the  principal 
bed-rooms,  and  to  the  young  ladies'  and  the  bachelors'  sets.  The  power  of  supplyin., 
hot  water  from  the  kitchen  is,  however,  limited.  It  would  probably  often  answer 
the  purpose  sufficiently  in  the  bachelors'  set  to  provide  a  bath  to  each  room  with 
cold-water  supply  only. 

Water-closets  should  be  arranged  as  much  as  possible  one  over  the  other,  for 
convenience  both  of  Avater-service  and  of  ventilation.  They  should  also  be  cut  off 
from  the  main  house  by  well- ventilated  lobbies.  Free  ventilation  and  ample  light 
are  essentials  to  a  properly-arranged  water-closet.  The  old  system  of  making  the 
windows  to  the  water-closets  of  a  size  proportionate  to  the  size  of  the  closet°is  as 
unwholesome  as  it  is  absurd.  Water-closets  should,  if  possible,  have  two  windows, 
one  facing  the  other ;  Avhere  only  one  can  be  provided,  it  should  be  so  arranged  as 
to  cast  ample  light  on  the  seat.  Of  course,  these  windoAvs  should  open  dii-ectly  into 
the  external  air. 

The  number  of  Avater-closets  requisite  depends  upon  the  size  of  the  house  in 
which  they  are  fixed.  It  is  usual  in  all  but  the  smallest  houses  to  have  at  least  two 
— one  for  the  family  and  one  for  the  servants.  As  the  size  and  accommodation  of 
the  house  increases  so  Avill  the  number  of  Avater-closets  be  increased,  until,  in  large 
mansions,  a  very  considerable  number  will  be  required.  Where  men-servants  are  kept 
a  separate  closet  and  urinal  should  be  provided  for  their  use  in  a  position  apart  from 
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„„avoiclabletoaxonewater-ctetmthevaultunta 

then,  is  how  to  light  and  ven  .late  such  a  closet     U  6  =  •  ^  „j 

sho.;  an  an^ngement  successfully  carnecl  o.t    "  j^^X  scpLted  by  a  wooden 

[Siori*:rr^=  orjuriies  s,uaU  <i«ed  with  n,.. 

LOJ- 


Plan. 


Section. 


Fig.  29. 


patent  lens  ligMs,  .vHch,  by  means  of  the  shaft  C  gives  ^^^/^  l^g^*  to  both 
closets  A  branch  shaft  (d)  acts  as  a  ventilator,  and  is  fitted  with  a  fixed  cowl  at  E. 
The  disadvantages  of  a  closet  without  very  direct  communication  with  the  outer 
air  and  where  even  borrowed  light  would  be  insufficient,  have  been  successfully 
combated  in  this  case.  And  although  the  plan  of  putting  water-closets  in  a  vault 
under  the  pavement  is  not  one  which  can  be  advocated,  yet  the  application  of  some 
such  appliances  as  above  described  will  in  many  cases  greatly  improve  existing 
closets  in  such  a  position. 
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CHAPTER  IX. 

STABLES  AND  OUT-DOOR  OFFICES. 
Stables-Importance  of  Yentnation-Hamess-room  and  Coach-house-Cow-houses-Fowl-houses. 

ttLd"  "f^'^'-^^P^^^'^  f  its  domestic   offices  have  now  been 

noticed.     It  remains  to  descnbe  the  accessories  not  forming  part  of  the  honse 
Foper,  but  stUl  being  part  of  the  establishment.    The  first  of°these  is  the  stablTs 
•  ^ZlTT'u  "l^^'^^i^^'^  of  size,  accommodation,  and  arrangement 

pi  sent      self.    The  mam  prmciples  are,  however,  the  same  in  all,  whetheJ  it  be 
a  two-stall  stable  with  chaise-house,  or  the  extensive  array  of  stalls,  loose-boxes 
and^cariaage-houses,  with  other  appurtenances  proper  to  a  large- establishment. 

it  has  not  3'et  been  ascertained  how  much  fresh  air  a  horse  requires  to  keep 
ium  m  health  Such  an  inquiry,  although  of  great  value  when  warmth  has  to  be 
combined  witli  ventilation,  is  of  little  importance  as  applied  to  stables,  because  the 
horse  is  not  an  exotic  animal  requiring  artificial  warmth.  He  is  taken  from  a  per- 
fectly open-air  life,  with  its  vicissitudes  of  weather  and  temperature,  to  be  confined, 
more  or  less,  in  a  stable,  for  purposes  quite  apart  from  his  health.  The  real  question 
at  issue  IS,  indeed,  how  to  subject  the  horse  to  the  captivity  he  has  to  undergo  in 
serving  man,  without  injuring  him  in  his  health  and  strengtL 

"It  is  only  by  keeping  this  ol.>ject  steadily  in  view  that  we  can  arrive  at  a 
thorongli  understanding  of  the  condition  required  in  stable  ventilation.  Although 
all  animals  have  a  certain  power  of  adapting  themselves  to  the  conditions  In 
which  they  happen  to  be  placed,  it  must  b3  evident  that  the  example  of  nature 
should  be  followed  as  far  as  po.Hsible,  and  that  the  natural  conditions  she  has 
provided  should  be  taken  as  the  model  to  be  aimed  at  in  the  change. 

"Animal  life  is  most  perfectly  developed,  and  its  functions  are  most  perfectly 
perfoi-med  under  the  conditions  of  free  diffusion  of  the  atmosphere,  includin" 
absence  of  stagnation,  abundance  of  light,  absence  of  nuisance,  and  sufficieiifc 
space  to  live  in. 

"  These  are  the  conditions  (besides,  of  course,  food  and  drink)  which  nature  has 
bestowed  iq)on  the  liorse. 

"  Good  stable  ventilation  includes  these  conditions,  because  if  the  stable  is  filthy, 
or  the  gi'ound  saturated  with  putrid  urine,  it  must  be  obvious  that  no  amount  of 
fresh  air  passing  through  the  stable  will  keep  it  sweet  or  wholesome.  Any  amount 
of  fresh  air  coming  in  will  immediately  be  tainted  by  filth  which  ought  not  to  be 
there. 

"  Again,  if  a  stable  be  ever  so  clean  or  well-drained  it  will  never  be  well- 
ventilated  witliout  perfect  freedom  of  movement  of  air  through  every  joart  of  it, 
together  with  free  ingress  and  egress  of  air,  so  provided  as  to  prevent  hurtful 
blasts  falling  on  the  hor.ses."*  This  supply  of  air  must  be  accompanied  by  other 
conditions,  such  as  ample  light,  absence  of  noisome  exhalations,  and  plenty  of  space. 
No  stable  should  be  more  than  one  storey  high,  the  roof  should  be  open,  and  a  con- 
*  Eeporfc  of  the  Barrack  aud  Hospital  Commission  on  the  Ventilation  of  Cavalry  Stables,  18G4. 
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Fig.  30a — Ventilating 
Aperture- 


rig.  30.— Stable. 


pipe  built  intotke  wall  serves  the  purpose  admirably,  ancltbe  apertures  -^-Y^^Vro- 
tectecl  by  we  gauze.  The  object  of  this  opening  xs  to  supply  fresh  axr  at  the  floor- 
level,  where  the  air  is  necessarUy  the  most  impure,  by  reason  of  the  evaporation 
constantly  going  on  from  the  paviiig.  The  air  which  a  horse  breathes  when  lymg 
down  will  by  this  means  be  considerably  purified. 

A  stable  should  be  li-hted  by  windows  on  its  opposite  sides.  Those  over  the 
heads  of  the  stalls  should' have  their  sills  placed  not  less  than  five  feet  six  inches 
from  the  floor-leVel,  and  should  be  low  and  wide  in  form.    The  wuidows  m  the 

opposite  wall  may  be  lower,  but  the  sills  should  not  be  less 
than  four  feet  from  the  floor.  The  best  form  of  sash  for  a 
stable  is  the  louvre  (Fig.  31). 

The  floor  and  walls  should  be  of  the  most  impervious 
nature  procurable.    The  best  material  for  the  floor  is  one  of 
the  various  kinds  of  terro-metallic  bricks  made  in  Staflbrd- 
shire  (shown  in  Fig.  32),  which  contain  from  seven  to  ten 
per  cent,  of  oxide  of  iron.    They  are  exceedingly  liard  and 
impervious,  and  being  chamfered,  and  of  a 
rough  surface,  they  aflbrd  a  safe  foothold  for 
horses.    A  patent  brick  is  made  from  the  clay 
of  the  Yorkshire  coal  measures,  which  is 
channelled  in  one  direction  only,  the  advantage 
of  this  being  that  by  avoiding  the  transverse  channels  there  is  less  opportunity  for 
the  accumulation  of  dirt.    It  is  most  important  to  avoid  a  smooth,  slippery  surface. 
For  the  walls,  cither  glazed  tiles  or  bricks  are  the  most  suitable  materials.  The 
colour  should  be  a  neutral  grey  or  green;   white  is  the  worst  possible  tint 
for  the  inside  of  a  stable,  as'  it  dazzles  the  horses,  and  sometimes  even  accelerates 
blindness. 

The  angles  of  the  door-openings  and  the  sills  of  the  windows  should  be  of  the 


F:g.  31.— stable  Window. 


Pig.  32.— Stable 
Floor. 
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boa^"Lt::::dItr"'  necos.anly  be  of  wood.  The  lower  edge  of  the  stall 
whatever  mlir  t       ?  'T'T  l     n  wood.  Of 

paving,  to  dlowl  a^  to""  /  '^^-^  of  the 

Cave  ^koulcf  hlwter  b.  rr   t  ftf  '^^"^  ^«  ^^^^^  -g^-. 

greater  ^pae;  t^I^^^  e^^L^S^L^t^^  ^ 

f  W  ^^^^^  r  '  r     t  ''''      ^^^^^^  -  length 

six  inches   "t  is  Z  1  •   n  f  °'    'f'f        "^^'^         ^«  ^-'^^^^^^^^^ 
X  lucnes.    it  IS  unadvisable  to  exceed  this  width,  as  with  verv  widp  «f«llc,  i 

are  apt  to  turn  round  and  foul  their  feedia^g-trou^hs     tL  2nlt  on 

f  ~coS^:;^^:  ;f hir^^  ^^^^^^^^^^  — '  -  ~ 

Loose-boxes  have  often  to  be  constructed  both  in  large  and  small  stables  Thev 

sepa  ate  loose-box  or  two,  entu-ely  detached  from  the  other  stables,  should  be  pro- 
vided, wherein  a  sick  horse  could  be  isolated.  ^ 

insicS''' ThteT  "'u  '"''"f'''.  '''''''  ^^"^  '^-^-Sl^^  enamelled 

inoKle.    These  as  well  as  tlie  fittings  necessary  for  the  harness,  saddles,  &c.,  vary 

theiH-omit'^^^^  according  to  the  different  tastes  and  fancies  of  owners  or 

Stable  doors  should  be  four  feet  wide  and  seven  feet  six  inches  high,  inside  the 
cioor-rrame. 

The  drainage  of  the  stable  shoidd  be  entirely  on  the  surflxce.  Open  channels 
ot  wrought  iron  and  without  covers  arc  the  best  for  the  purpose.  The  channel 
should  be  taken  up  the  centre  of  the  stall  to  the  wall,  and  should  fall  to  another 
channel  running  the  whole  length  of  the  stable  at  the  back  of  the  stalls.  One  or 
more  similar  channels  serve  to  conduct  the  liquid  manure  to  an  open  trapped  gully 
m  the  yard.  Thus  all  danger  from  contact  with  the  sewer  is  kept  entirely  outside 
the  stable. 

In  all  stables  a  harness-room  should  be  provided.  It  should  have  a  small  grate, 
and  sometimes  it  is  desirable  to  fix  a  small  cookiug-stove,  at  wliich  the  men  can 
cook  their  meals.  The  harness-room  is  usually  boarded  all  round.  There  should 
be  a  door  to  the  exterior  as  well  as  one  to  the  stable. 

The  coach-house  must  before  all  things  be  absolutely  dry.  ISTothing  is  more 
destructive  to  carriages  than  damp.  The  floor  should  be  on  an  impervious 
foundation,  and  the  surface  may  either  be  asphalte  or  cement.  Broad  strips  of  hard 
stone  should  be  airanged  at  the  proper  distances  to  serve  as  tracks  for  the  wheels. 
The  walls  may  be  of  glazed  bricks  or  may  be  plastered.  It  will  frequently  be  found 
convenient  to  form  the  hay-loft  over  the  coach-house.  In  this  case  the  floor  of  the 
loft  should  be  ploughed  and  tongued  to  prevent  the  passage  of  dust. 

Proper  ventilation  should  be  contrived  by  means  of  air-bricks,  but  the  ingress 
of  du.st  and  dirt  should  bo  2-)revented  as  far  as  possible.    In  arranging  the  doors  care 
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^^^^^^^^^^^^^^ 

^''"'''Vl^lTiTl  ^ooi  glazed  roof;  the  glass  should  be  arranged  with 

:X*l2.n"lp;S"^pe  ^r:^^^^^^^  be«.ed  .s„.eco—  place 
"'"ThVLrSClaoed  i.  some  convenient  spot  away  fro.,  all  doors  and 

oZ  impervious  substance.  Where  such  an  arrangement  .  practicable,  a  sei^r^te 
yard  may  be  provided  for  the  reception  of  the  manure,  .yhere  it  can  be  turned 
Ter  anTlwed  to  decompose  gradually  until  it  is  in  a  fit  condition  for  use  m 

'^'r'pkntiful  water-supply  must  be  provided  for  stable  use.  For  .vashing 
purposes  a  large  soft-water  tank  ^vould  be  valuable. 

Sleepin-rooms  for  grooms  and  others  have  commonly  to  be  provided,  even  in 
small  stablts.  These  again  should  never  be  over  the  stables.  In  large  establish- 
ments accommodation  will  have  to  be  provided  for  married  servants  and  their  families, 
and  for  unmarried  grooms,  stablemen,  &c.  For  the  unmarried  men  a  well- 
ventilated  dormitory,  divided 


into  cubicles  by  wooden  par- 
titions, and  a  common  mess- 
room,  will  be  a  convenient 
aiTangement. 

Though  it  is  not  within  the 
scope  of  this  work  to  enter 
minutely  into  the  Avide  and 
ever-varying  subject  of  farm- 
buildmgs,  yet,  inasmuch  as, 
in  many  country  houses,  and 
of  course  in  most  farmhouses, 
the  farm-buildings  are  in  close 
proximity  to    the  dwelling- 
house,  some  mention  of  these 
seems  necessary  to  the  present 
subject. 


Fig.  33.— Cow-house. 


The  most  important  of  these  buildings  is  the  coAV-house.    Cows  are  somewhat 
differently  lodged  from  horses.    The  best  form  for  a  cow-house  is  that  shown  in 
33.    A  central  passage  with 


I''i: 


ouse 


wide  doors  at  each  end  divides  the  cow  h 
iage.  The  feeding-troughs 
roughs  the  whole  space  is  open. 


into  two  parts,  and  the  cows  stand  facing  the  passage.  The  feeding-troughs  are 
fixed  along  each  side  of  the  passage,  and  above  the  trv 
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The  same  conditions  as  to  imperviousness  of  flon,.  o,,.i  n 
cattention  should  be  D^ud  to  ih.  .  ^  toi  cows  with  young  calves,  and  special 

cxlmlations     Th.  rW        °    \  ^  ^  nuisance,  or  to  give  oif  unwholesome 

cxJialations.  The  dairy  must  be  cool  and  well  ventilated,  but  provided  with 
sufficient  protection  from  extremes  of  cold  and  heat.  Til  s,  glazed  Wcs  or 
marble,  are  suitable  materials  for  the  walls  of  a  dairy.     The  fl^c^  i.  y  o 

slat  '  n'  T'  The  slabs  or  shelves  J  e'  he 

slate  or  mai;ble.  It  wiU  be  obvious  that  there  is  ample  opportunity  here  for  .^ 
unWed  display  of  decorative  taste.  A  room  must  be 'Lided 'adj:LLg  t^ 
Urectlt  w  r;;"'       ""xr  ^^"'^  ^-^^^  commuiScate 

Special  attention  must  be  paid  to  the  water-supply  for  the  dairy  and  the  cow- 
iiouse.  In  particular,  a  proper  tank,  with  pure  water  laid  on  to  it,  must  be  pro- 
vided for  the  cows,  and  on  no  account  must  they  be  allowed  to  drink  at  a  pond 
which  IS  liable  to  be  fouled  in  any  way  by  drainage. 

Pigs  will  invariably  have  to  be  accommodated  wherever  there  are  cows.  The 
piggeries  should  be  constructed  of  brick,  with  slated  or  tiled  roofs,  and  brick  or 
stone  walls  to  the  enclosures.  The  roof  should  be  raised  above  the  top  of  the  walls 
on  short  pieces  of  timber  at  intervals  of  twelve  or  fourteen  inches,  to  provide  a 
current  of  air  across  the  sty.  The  floors  should  be  properly  paved  with  impervious 
bricks  or  asphalte,  and  the  drainage  should  be  as  perfect  as  possible.  Pigs,  though 
not  the  cleanest  of  animals,  need  not  necessarily  be  kept  in  the  state  of  filth  they 
frequently  are,  and  will  thrive  better  Avhen  kept  clean. 

The  other  ajjpurtenances  of  a  small  farmyard  will  be  a  barn,  poultry-house,  cart 
shed,  and  stable  for  one  or  two  cart-horses,  and  possibly  a  sheep-house  for  sheltering 
slieep  in  severe  winter  weather. 

Of  the  last-mentioned  appiu-tenances,  the  fowl-house  is  the  only  one  which  calls 
for  special  comment  here.  It  does  not  solely  ^lertaui  to  houses  to  which  farm- 
buildings  are  attached,  but  will  be  found  in  the  garden  of  a  country  labourer  aud  the 
back  yard  of  a  London  artisan,  and  frequently  under  the  most  olfensive  aud  un- 
healthy conditions. 

"A  rough  enclosed  shed  is  called  the  fowl-house  ;  it  is  generally  most  properly 
named,  for  anything  more  foul  and  ofi'ensive  it  is  scarcely  possible  to  find.  Two  or 
three  old  ash-poles  have  been  nailed  across  haphazard,  generally  most  ingeniously 
arranged,  that  the  droppings  of  each  row  of  fowls  shall  fall  on  the  backs  of  those 
below  them ;  a  row  of  dilapidated  boxes  called  nests,  oftentimes  with  the  hay  and 
straw  of  the  previous  year  or  more  left  in,  with  old  shells  of  the  former 
hatchings,  very  often  the  remains  of  a  smashed  rotten  egg  adhering  to  the  straw ; 
the  hay  or  straw  full  of  vermin.  When  a  hen,  despite  of  all  these  horroi-s,  has  set 
lierself,  the  nest  is  so  exposed  that  half  the  other  hens  desirous  of  laying  fight  tlie 
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 "  "  '    '  T7    •    v,«v  r^roccss  of  incubatioii.    Is  it  then  to 

occupant,  and  '--f  ^  ^'ff,,^;:  ^^te'^j  H  called,  and  wander  into  th. 

be,vond.,-ed  at  that  ''7;':^,, ^    l"^^^^^^^^^  Po'^^^.  ""^ 

hedges  and  rick-yarda  and  set  .      ^e.,^  „»ter,  and  the  result  is 

weasels!  No  provision  is  made  f""^  8™»  ^Z,cially  tl,o  drainage-water  from 
the  fowls  drink  the  ''''-■''^-^''l?'f^Z:.omnlL  be  more  injurious,  especially 
the  stables  and  manure-heaps,  han  ^^''^l^''^^  '  „iti  „ther  kindred  diseases, 
to  young  chickens,  producmg  "gapes  ^■7^^;' ,„1^  „t  the  poiJtry  may 
As  to  feeding,  I  might  say  '^t^'^^ol^  poor  feathered  friends  under 

S  tZ^'^^^r^^  Itjf^Vsmothe;  the  implements 
SSlhTem'with  the  produce  of  the  ^-^'^^y^^^t'^Z^^i  ^.r^o.  faU  to  have 

,  -  tr=r  .a  t.u^— e 
^^7J^i:^:^^r^  t  £ .  -P^g  -me.o 

down  r  should  remembered  that  the  excrement  of  fowls  .s  a  manure  of 
considerable  value.    Finally,  clean  water  should  be  supplied  in  iron  troughs. 

•  Notes  on  Poultry  by  J.  K.  Fowler  in  the  "  Guide  to  the  International  Exhibition  of  the  Eoyal 
Agricultural  Society,  1879. 
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CHAPTER  X. 

INTERIOR  CONSTEUCTION.— TIMBER-WORK. 

Before  describing  in  detail  the  several  parts  of  a  house  which  fall  under  the 
head  of  Cai3)entry,  it  will  be  convenient  to  give  a  short  account  of  the  various 
kmds  ot  wood  used  in  the  consti-uction  and  fittings  of  the  interior. 

All  timbers  used  in  building  belong  to  the  class  known  by  botanists  as 
Jixogens,  or  trees  which  increase  by  outward  growth.    The  cross  section  of  an 
exogenous  tree  exhibits  a  number  of  concentric  rings  round  the  pith,  and  lines  of 
jaiying  thickness  in  different  woods  radiating  from  the  pith  to  the  bark,  and  also 
Irom  the  bark  towards  the  centre.    The  concentric  rings  are  called  annual  rinag,  and 
the  radiating  lines  the  medullary  rays  ("  the  silver  grain  "  of  the  carpenter).  With- 
out going  minutely  into  the  construction  of  cellular  and  vascular  tissue,  it  will  be 
sufficient  for  the  present  purpose  to  describe  briefly  the  mode  in  which  the  annual 
growth  of  a  tree  of  the  kinds   about  to  be  considered  is  attained.     The  prin- 
cipal part  of  the  liquid  food  required  for  its  nourishment  by  a  tree  is  absorbed 
by  the  roots,  and  becomes  part  of  the  sap.    The  sap  ascends  through  the  stem 
and  branches,  and  so  reaches  the  leaves,  where  the  superfluous  moisture  is  exhaled, 
and  carbon  is  absorbed.    The  sap,  very  materially  altered,  descends  again,  but  not 
by  the  way  it  came;  its  downward  journey  being  by  way  of  the  under  side  of 
the  bark,  where  it  deposits  a  layer  of  new  wood.     This  process  is,  as  a  rule, 
perfomed  once  in  every  year ;  hence  the  term  annual  rings. 

The  inner  layers,  or  "  heai-t-wood,"  are  the  hardest  parts  of  the  stem,  and 
with  the  growth  of  the  tree  increase  in  hardness  and  density.  The  outer  layers, 
through  which  mainly  the  sap  ascends,  are  called  "  sap-wood,"  and  are  softer,  and 
usually  different  in  colour  from  the  heart-wood.  It  is,  as  Mr.  Hurst  remarks,  reason- 
able to  suppose  that  the  sap-wood,  containing,  as  it  does,  vegetable  matter,  which  is 
eventually  to  be  expended  in  the  nourishment  and  formation  of  leaves  and  buds, 
would  be  more  prone  to  decay  than  the  inner  layers,  up  which  the  sap  does  not 
ascend.  One  of  the  most  important  points  in  selecting  timber  is  to  be  able  to 
recognise  and  reject  sap-wood.  Timber  that  has  by  some  means  or  other  become 
stained  whilst  lying  in  the  water  at  the  docks  presents  a  somewhat  similar  appear- 
ance to  sap-wood.  It  will  be  found,  however,  that  whilst  these  water-stains 
penetrate  irregularly  through  several  rings,  the  sap-wood  is  almost  invariably 
exactly  co-terminous  with  one  of  the  annual  rings. 

Closeness  and  straightness  of  grain,  a  bright  and  glossy  surface,  and  uniform 
colour  are  the  most  prominent  characteristics  of  good  timber. 

The  preceding  remarks  apply  equally  to  all  kinds  of  timber  used  in  building. 
It  remains  ndw  to  deismbe  in  more  detail  the  various  kinds  of  timber,  and  for 
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rrki^r:/:— --^^^^^^^^ 

mahogany,  walnut,  &c.  ^  ^  .    i  ;f  does  all  timber  known  to  the 

O?  these  two  classes,  the  first,  in  ludmg      it  does  al  ^ 
carpenter  under  the  genei^l  tenns  of  deal  oi  fir,  is  by 

to  the  subject  under  consideration  descrihed  hy  Professor 

The  special  characteristics    f  fi     ^ber  are  ^^^^^^  .^^ 

Eankine:-"Er-wood,  or  2i  regularity  in  the  figure  of 

It  is  distinguished  by  straightness  m  the  fibre  and  re^      J  I 

the  trees:  qualities  — le  to       ^  ^  JH-'^.  ^  ^sl  load,  or  f-it- 

pieces  are  required  to  ^  ,t  \helateral  adhesion  of  the  fibres  is 

sr:  If  i^t-Lctu"  -n  and  t--.  ^^^^^^^^^  s 
rftrthtref::^':::  S  iLrzt't:^^^^  of  fiLood 

""SifmrvSe  tree  of  the  coniferous  class  is  the  Korthern  Pine  (Pin^ 
The  raost  ™"a"  =  g    ;  l,^^  imported  into  this  country  is 

;trin^ira;Vp™^^^^^^^^^  takes  its  name  from  ^^^^^^^^ 
Lipped.  Architects  usually  specify  that  the  fir  timber  shall  be  ^f-'^^^^'^^^^l 
D^tzic  or  Memel.  Of  these,  Christiania  yellow  deals  are  considered  to^^  ^^^e 
beT  r"tS.b"r  is  also  imported  in  large  quantities  from  Norway  and  Sweden 
but  of  a  much  inferior  quality.  Exception  must,  however,  be  made  in  favour 
of  the  best  class  of  Gefle  deals.  The  inferior  qualities  of  Gefle  deals  are 
like  the  majority  of  Swedish  timber,  coarse,  fuU  of  knots,  and  sappy. 

Pitch  Pine  (Pm««  rigida)  is  often  exceedingly  handsome  m  the  gram,  and 
has  been  very  largely  used  for  ornamental  work  on  that  account.  It  is  veiy 
full  of  resinls  m'atL,  which  conduces  materially  to  its  durability,  but  makes 
it  difficult  to  work.    Workmen  dislike  it  because  the  resin  clogs  their  ^ools. 

White  Fir,  or  Spruce  {Abies  excelsa),  commonly  known  as  White  Deal,  ihis 
is  a  softwood,  and  easily  worked,  but  very  inferior  in  strength  to  either  of  the 
foregoing  woods.    It  is  only  fit  for  the  inferior  kinds  of  joinery,  table  and  dresser 

tops,  and  packing-cases.  .  „  .         t.    j.  t>  u- 

American  Red  and  Yellow  Pine  are  woods  of  much  inferior  quality  to  Baltic 

timber.    The  former  is  almost  entirely  used  for  veneering.    The  latter  is  an 

excellent  wood  for  joiners'  work,  but  appears  not  to  be  well  adapted  for  the 

English  climate.    It  is,  moreover,  subject  to  dry  rot. 

Several  varieties  of  spruce  timber  are  imported  from  America,  and  resemble 

in  appearance  and  quality  that  from  the  Baltic. 

The  Larch  {Larix  europea)  is  a  remarkably  tough  and  durable  wood.  It 

is  a  valuable  wood  for  palings  and  fences,  also  for  stairs  and  floors  which  have 

to  withstand  very  much  wear. 


♦  Tredgold's  "  Carpentry,"  edited  by  J.  T.  Hurst,  1875. 
t  Eankine  :  "  Civil  Enginceiing,"  p.  440. 
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call  for  any  particular  d^cripUon  herf         '  ^'"^  • 

iind.  of  timber  are,  on  the  wtole,  the  m     Libt  and  iHlv? 

Sct?"^'   — ^"^'aHe^t  :.=eXT„.r:^ 

First  in  point  of  utility  among  the  hard-wood  timbers  comes  Oak     A  close 

ot  sound  oak  timber  A  reddish  colour  and  large  open  pores  are  sic^s  of  decay 
In  pi^perly-ventilated  positions  oak  will  last  for  an  almost  indefinite  period     G  v ^ 

oJ  tl    h  Tw".'^^'""'^'"^  ^"'"^^  and  fifteenth  cen1^.ries. 

of  which  those  of  Westminster  Hall,  El th am  Palace,  and  Hampton  Court  Palace 

sT.l  If         "T^  P-ticularly  useful  for  window- 

sills  half-timber  framing,  gate-posts,  and  in  exposed  situations.  In  the  larger 
kinds  of  houses  It  is  used  for  joiners'  work,  such  as  panelling,  doors,  stairs,  and 
floors.  Pollard  oak  is,  from  its  rich  and  varied  gi-ain,  very  useful  as  a  decorative 
wood.  The  be.st  quality  of  oak  is  that  gi-oAvn  in  this  country,  and  the  pre-eminence 
is  usual  y  allowed  to  oak  of  Sussex  growth.  Several  different  kinds  of  oak  are 
imported  from  abroad;  of  these  the  wood  known  as  wainscot  is  the  most 
important  It  is  a  softer  wood  and  more  easily  worked  than  English  oak,  and  is 
particularly  suitable  for  purposes  of  joinery. 

Teak— sometimes  called  Indian  oak— is  a  darker  and  heavier  wood  than  oak 
It  18  also  straighter  and  more  uniform  in  the  grain,  and  stronger  than  oak.  The 
best  quality  is  that  from  Moulmein.  It  is  largely  employed  in  ship-building  and 
for  railway  carriages,  but  the  cost  prevents  its  general  adoption  in  building.  Its  use 
for  treads  of  staircases  is,  however,  becoming  more  frequent. 

Elm  was  formerly  much  used  for  joists  and  floor-boards,  but  has  fallen  into 
disuse  on  account  of  its  liability  to  decay.  It  is,  however,  useful  for  the  curbs 
of  mangers,  and  for  kicking-boards  in  stables,  and  also  for  piles.  Elm  has  also  in 
a  very  remarkable  degree  the  property  of  durability  under  water.  Several  of  the 
piles  under  old  London  Bridge,  which  had  been  in  position  some  six  or  seven 
centuries,  were  found,  when  the  new  bridge  was  being  built,  to  be  perfectly  sound 
(vide  Tredgold  by  Hurst,  p.  357).  A  more  remarkable  instance  of  the  durability  of 
timber  under  water  is  that  of  the  ])iles  of  the  bridge  built  by  the  Emperor  Trajan 
across  the  Danube.  One  of  these  piles  on  being  taken  up  was  found  to  be  petrified 
to  the  depth  of  three-quarters  of  an  inch ;  the  rest  of  the  wood  was  in  its  natui-al 
state,  though  it  had  been  submerged  more  than  1,600  years. 

•  Eankine :  "  Civil  Engineering,"  p.  440. 
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 ^  7t     7~Z7nZ]  Rn-mish     Honduras  maliogany  comes 

Mai  W  is  of  two  kmds  •.Ho-'™J^  ;„  te.tme  than  Spanish, 

from  Central  America,  and  is  ''gW". f  „j  Oaha,  and  is  distinguished  by 
Cuba,  or  Spanish  mahoganjs  «  -^^^^'t  building,  mahogany  is  us^  tor 

decorative  purposes  ;  some  other  Avoods  tnere  aie  however,  useful 

h.tance.  maple,  satin.vood,  ebon,,  descriptin  here, 

solely  for  their  decorative  qualities,  and  do  not  requi  e  any  tm  i 
The  various  marks,  or  brands,  which  are  seen  on  the  ends  of  mo  t  kinds  ot  t 

guide  in  the  selection  of  timber.  +1,0  V.P«f  nn^sible  auaUtv  of 

^    Certain  precautions  are  necessary  to  pro  ect  even  the  .^^^^t  Possible  qua  y 
timber  from  rot  and  decay  after  it  is  placed  m  the  position  it  is  mtended  to  oc^^^^^^^ 
D^mo  walls  want  of  air,  immediate  contact  with  mortar,  damp  earth,  oi  ^egetable 
^rir^Woi^t  of  all,  llternations  of  damp  and  dryness,  or  t^^^^^^^^^^^ 
heat,  all  tend  sooner  or  later  to  produce  decay  in  some  form  or  othe     J«  ^^^^^^^^^^^^ 
it  is  necessary  to  adopt  the  following  precautions  :-The  ends  of  all  timbeis 
L   on  wrsLuld  hL  a  clear  space  of  air  round  them,  .ith  P— 
enMon  by  means  of  perforated  bricks.     The  larger  timbers,  girders,  tie-beams 
::rilTke^ould  rest^n  stone  templates  and  the  smaller  ^^^^^ 
ceilin<.s  on  hoop-iron  bond,  laid  on  a  course  of  bricks  m  cement.   Th  s  lattei  airan  e 
„  n^fs  an  excellent  substitute  for  the  old  system  of  wall  plates,  which  -  so  h^^^^^^ 
to  decay     Cradles  of  burnt  fire-clay  are  also  made  for  the  purpose  of  receiving  the  , 
ends  of  timbers,  and  if  proper  provision  be  made  for  ventilation,  are  exce  lent  things 
^1  he  purpose.    The  cavity  under  the  joists  of  the  lowest  floor  should  be  deep 
eaouc^h  to  allow  of  spaces  being  left  in  the  sleeper  walls  to  form,  m  conjiinction  with 
the  all-bricks  in  the  external  walls,  sufficient  currents  of  air  to  ventilate  the  joists. 
The  ends  of  oak  posts  which  are  to  be  driven  into  the  ground  should  be  either 
chaired  or  treated  with  some  such  process  as  that  of  Sir  William  Burnett,  which 
consists  of  steeping  the  wood  in  a  solution  of  one  pound  of  chloride  of  zmc  to  lour 
gallons  of  water.    It  is,  however,  of  little  use  to  char  any  but  well-seasoned  timber, 
rjharring  applied  to  green  timber  only  closes  up  the  moisture  and  sap,  and  prevents 
evaporation.    Painted  floor-cloths  are  particularly  injurious  to  wood  floors,  by 
confining  the  moisture,  and  preventing  the  access  of  air. 

Under  certain  conditions  it  is  absolutely  necessary  to  adopt  some  method  to 
preserve  timber  from  decay,  and  the  attacks  of  insects  or  boring  mollusca.  In 
Holland,  for  instance,  where  whole  towns  are  built  on  wood  piles,  it  is  a  matter  of 
vital  importance  to  secure  the  wood  from  the  attacks  of  the  "  teredo  navalis,"  or 
ship  worm.  But  circumstances  of  this  nature  will  rarely,  if  ever,  occur  in  this 
oountiy,  and  the  old  rule  of  "  prevention  is  better  than  cure  "  holds  good  in  this 
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Ihe  various  applications  of  timber  to  th^  rifff      ^  Process, 
house  wiU  now  be  considered.  P"'"*^  i^^^^^or  of  the 

A'oo/s.— Several  different  forms  of  roof  arp  hqp,!  ,v  ^  i  ., 

frequently  employed  will  be  fend  in  Z  foLrin'  St  ""  " "o^' 

a  vertfca?t;:;il'.'  "  "-"P"'^'  0-  =lope,  wUcU  leans  against 


Fig.  31.— Leau-to  JRoof. 

side^y  l^r''^''''""^^'"^^'^'"'""'°°^'  '"'"^'^ 

Fig.  36.--- V"  roof,  formed  by  two  slopes  or  lean-to  roofs  meeting  in  a  gutter, 
the  slopes  resting  against  the  party  walls. 

Fig.  37.-"  Curb/'  or  "  Mansard  "  roof,  in  which  the  apex  of  a  steep-pitched  tri- 
angular  roof  is  cut  off  and  replaced  with  a  triangle  of  much  flatter  pitch 

The  abovo^  are  the  forms  of  roofs  most  usually  employed  in  dwelling-nouses : 
there  are,  besides,  flat  roofs  and  roofs  of  ogee  shape.  These  latter  are  rarely 
employed,  and  only  for  roofs  of  turrets. 

The  simplest  form  of  roof  ig  that  known  as  a  "couple"  roof  (Fi<^  38)  This 
consists  only  of  two  rafters  fixed  at  the  required  pitch  or  inclination,  and  fastened 
at  the  feet  to  a  plate  embedded  on  the  top  of  the  wall,  while  their  heads  are  either 
halved  and  pinned  together  or  nailed  to  a  ridge-board.  The  obvious  tendency  of  such 
a  root  as  this  is  to  spread  at  the  foot  and  thrust  out  the  walls.  The  remedy  for  this 
IB  to  be  found  in  fixing  across,  from  rafter  to  rafter,  a  light  beam,  called  a  "  collar."  This 


Fig.  37.— Mansard  Eoof. 

Tie-  35.— Eidge  nyii  Furrow  Eoof. 


Fig.  38.— Couple  Boot. 
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a  beam  placed  hirkoSy  ZTZ'  tel'TZ'"''^'"  ''"'"^'^  '^'^  " 
tie  beam  being  also  notched  down  „„  Z      p,  ttl™, 

«nd  any  tendency  to  thrust  out  the  w,i.  '     "  '=       "ed  tocelher 

of  a  ceiling  i.  a<ljed,  it  rsoletimesl  !'  "  '^Vl.en  the  extra  iJXl 

ridge  to  the  centre  of  the  t  e  T™Ts„pT::trT''°"  ?      "  ""s"' 

Where  a  greater  span  thir  tCty  "rh^t^  L^^^^^^ 
.0  prov.de  additional  support  both  to^thel^ Z^^'^^^ 

the  aid  of  a  "truss,"  the 
simplest  form  of  wliich  is 
that    called    a  "king-iDost 
truss  "(Fin;.  39).    By  means 
of  the  principals,  c  c,  and 
the  king-post,  B,  the  beam  a 
IS  supported  or  trussed  at 
its  weakest  point,  the  centre. 
The  principals  are  also  sup- 
ported  in  their  turn  by 
struts,  DD,  from  tlie  king- 
post.   The  feet  of  the  com- 
mon   rafters    are  notched 
on  to  the  pole-plates,  iin, 
while  additional  support  is 
afforded  in   the  centre  by 
purlins,  e  e,  which  run  from 

post  -is  continued  up  past  the  principals  to  give  supnTto  ■  ^  "^'^ 

against  which  the  heads  of  the  comuL  rafterrabut     For  nl,      r"  ^^^^^^ 
purposes  such  a  roof  as  this  will  be  found  sufflcTent  " '"""'^'^ 

domestic  houses,  a  JTlreti  r^^^^^  '^^  -  -'--T 

whatever  span  is  reoni red  fn  ll  1  T  f  ^ ^^"''''^  """"-^  '"PP^^'*^  ^«  s^^^^e, 
on  this  suble"        '  ^«  ^urthe; 

Where  the  roof  is  intended  to  be  shown,  as  in  the  case  of  a  Inr.P  1  ii  f 

2t::ilT''-''''^'^  w'of    1 1 L: 

ornamental  nature  are  used.    Among  these  may  be  mentioned  curved  collar  be-  n  s 

welin  ct"i  r     "'"^  """^'^  ^-^^^        Westminster  Hall-^t 

y  ^oo,..-^rhe  simplest  form  of  floor  consists  of  a  row  of  beams  or  "ioists" 
varying  :n  thickness  aaid  depth  with  the  width  or  "bearing"  between  the  Ss  on 
which  they  are  supported.    To  the  upper  sides  of  these  Joists  the  flooi^boardinl 


Fig.  39.— Kiug.post  Truss. 
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„aUe<.,  and  to  the  u.c,er  .ide  the  laths  "•;!2t.rlun  ^tei^iXstotcenltTo 
joists  should  not  be  placed  at  a  S-'^^'f '''''^^Jf^Xls  as  mueh  a3  «te^^ 


Fi.'.  40.— Double -floor  Joists. 


Fig.  41.— Herriag-'bone  Strutting. 


ioists  on  the  givdevs.    A  better  kind  of  floor  is  what  is  known  as  a    double  floor 
In  Lis  fl  or  ^bere  are  two  sets  of  joists,  the  lower  set  being  smaller,  and  used  solely 
to  suTport  the  ceiling  :  hence  called  "  ceiling-joists."  The  advantages  of  tnxs  kind  of 
floor  r  hat  the  celling,  being  supported  independently  of  the  floor,eists  above  is 
not  bable  to  be  jarred  by  the  trafiic  overhead,  and  that  the  connection  between  the 
ceiling  and  floor'being  broken  by  the  space  between  the  two  sets  of  JO-ts  sound 
from  above  is  not  so  audible  as  where  the  floor  is  single.    The  joists  m  a  double  floor 
are  supported   on  transverse 
beams,  called  binders.    In  the 
annexed  illustration  (Fig.  40), 
B  is  the  binder,  F  J  the  floor- 
joists,  and  c  J  the  ceiling-joists. 
The  floor  of  a  room  in  the  base- 
ment storey,  or  on  the  ground- 
level  where  there  is  no  base- 
ment,  is  formed  with  small 
joists  laid  on  "  sleepers  " — oak 
plates,   generally  four  inches 
square  and  laid  four  to  five 
feet  apart    on    dwarf  walls. 
These  oak  sleeper.?  are,  in  order 
to  ensure  thoroughly-seasoned 
wood,  generally  specified  to  be 
of  ship  oak. 

Cross  pieces  of  wood  are 
frequently  fixed  between  the  joists  thus  (Fig.  41),  with  a  view  to  strengthen  and 
increase  the  rigidity  of  the  whole  floor.  This  is  called  "  herring-bone  strutting." 
It  cannot  be  said  to  very  greatly  assist  the  bearing-power  of  the  floor,  and  is  too 
frequently  but  a  feeble  adjunct  to  a  feeble  floor.  A  better  kind  of  strutting 
is  that  known  as  "solid  strutting."  In  place  of  the  crossed  struts,  a  solid 
piece  of  wood  about  an  inch  thick  is  placed  between  each  joist,  and  an  iron  rod 


Fig.  42.— Trimming  Joist. 
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placed  alongside  it  and  passed  through  the  whole  tiVv  nf  ;  ■  ,  at-i 
La.  seUW  down  h.to  it.  [.We.  this  rol  istltld  ^  ^t     '  " 
Where  fireplaces  and  flues  occur  in  the  wall  on  whidi  thp  .r,  7.    f  •  •  x 

?r  tixr':  el:- - ^^^^^^^ 

serves  to  suj-jport  the  brick  arch 
which  is  formed  to  cany  the 
hearth.  It  is  also  necessary  to 
"trim"  joists  in  a  similar 
manner  where  trap-doors  occur, 
and  on  landings  of  staircases. 
Trimmers  and  the  joists  into 
which  they  are  trimmed  should 
always  be  somewhat  thicker 
than  the  ordinary  joists. 

Fig.  43  shows  the  proper 
method  of  constructing  a  double- 
framed  floor  when  it  is  not  de- 
sired to  show  the  girder  below 
the  ceiling-level,  o  is  the  girder, 
B  the  binder,  c  c  the  notches  to 
.  .  ^      ^,    .  receive  the  floor-joists,  c  J  the 

ceilmg-joists.    The  iron  stirrup  which  holds  the  binder  on  either  side  of  the  girder 
.obviates  the  necessity  for  cutting  into  the  girder  and  tenoning  the  binder  into  it. 
The  girder  is  thus  left  iiatact,  and  consequently  much  stronger. 

Floor-boarding  is  of  many  kinds,  varying  from  the  rough  boarding  for  barns 
and  lofts  to  the  most  elaborate  parquetry.  The  simplest  form  of  flooring  (after 
the  "  rough  "  boarding  just  mentioned)  con-  " 
sists  of  deal  boards  7  inches  wide,  planed 
on  one  side  and  both  edges,  and  nailed 
down  to  the  joists  as  close  together  as 
they  will  go.  A  floor  of  this  kind  L  gene- 
rally laid  by  a  process  technically  known 
as  folding.  The  method  is  as  follows : — 
When  the  whole  of  the  boards  destined 
for  the  room  are  laid  down,  it  is  found 
that  two  of  them  incline  to  each  other 
at  an  angle,  thus  (Fig.  44).  The  carpenter 
then  places  a  board  transversely  on  the 
upper  edges  of  these  two  boards,  and  jumps  on  the  transverse  board  until 
he  has  forced  the  two  boards  into  a  horizontal  position,  and  thus  has  the  whole 
floor  level.  This  very  primitive  jn'ocess  over,  he  can  proceed  to  nail  down  his 
floor.    In  better  kinds  of  floors  an  instrument  known  as  a  floor-dog  is  used, 


Pig.  43.-  Double-frame  Floor. 


rig.  44.— Floor- boarding. 
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by  ^eans  of  which  each  board  i.  held  firmly  m  its  position  .Mist  it  is  he.ag 

™'ln  aU  floors  which  are  ceiled  mulcrncath,  means  should  be  taken  to  prevent 
aJ-r-^Ss  of  any  Hnd  fro.  f^"^;.  — ^  ~,,.ti^  IT^^Z 

::e"T;rLrr;  tz:,  r;:  l":rt:rporo„s.  these  parties 

Snal^yloSeir  way  to  the  under  surface,  and  produce  a  s»u.cd  appearance, 
tvMch  no  amount  of  whitewashing  or  scmping      /<'■"<'«;  .^^^ 
The  usual  method  of  preventhig  this  is  to  form  what  is  called  a  plou„nea 

and  «  ^  ^  "  * 


Fig.  45.— Tougued  Floor. 


Fig.  46.— Rebate  and  Fillet. 


on  each  edge,  and  thin  slips,  or  tongues,  of  either  iron  or  ^vood  are  inseited.  If 
of  ii-on,  the  tongue  should  be  galvanised.  The  tongue  should  be  fixed  nearer  to 
the  lower  edge  of  the  board  than  to  the  upper,  so  that  as  much  wear  as  possible 
can  be  had  out  of  the  floor  before  the  tongue  is  exposed.  Another  method  ot 
attaining  the  same  object  is  what  is  known  as  rebating  and  filleting  (Fig.  46).  A 
"rebate"  is  cut  on  the  lower  edge  of  each  board,  and  a  fillet  of  oak  or  some  other 
hard  wood  fixed  in  the  space  thus  formed.  For  superior  work,  a  dowelled  floor 
has  the  advantage  of  showing  no  nails  on  the  surface.  The  boards  are  pmned 
together  between  the  joints  with  oak  pins,  and  nailed  obliquely  on  one  edge 
only  (Fig.  47.)  Dowelled  boards  should  not  be  more  than  3  inches  wide,  and 
not  less  than  1|  inches  thick  when  finished. 

An  upper  layer  of  thin  oak  boards  is  sometimes  fixed  over  a  rough  deal  floor, 
for  the  sake  of  appearance,  and  also  in  some  cases  to  obtain  an  almost  impervious 

surface.    A  floor  of  this  kind,  wax-polished  and  well 

laid,  is  much  to  be  commended  for  the  ease  with  which 

it  can  be  cleaned,  and  its  non-absorbent  nature. 

The  points  of  contact  between  the  ends  of  two  floor- 
boards are  called  heading-joints.     These  joints  should 

always  be  arranged  to  occur  over  a  joist,  and  contiguous 

boards  should  have  their  heading  joints  on  difierent 

joists.     This  is  called  "  breaking  joint."    The  actual 

joint   is  made  in  diffferent   manners.     In  common 

floors  the  boards  simply  butt  up  against  each  other  ; 

in  better  work  the  heading-joints  are  splayed  as  in 

Fig.  48.    Sometimes  the  heading-joints  are  grooved  and  tongued  in  a  similar  fashion 

to  the  longitudinal  joints  described  above.     In  very  expensive  work  the  "  ends 


Fig.  47.— Pinaed  Floor. 
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Fiff.  48.— Sijlayed  Joint. 


of  the  boards  are  cut  into  a  series  of   sham  cn i 
whose  ridges  are  parallel  to  the  surface  o/^re  Tol  ^  T'"' 
another,  and  form  a  tight  joint.    Such  joints  at  som  ti  Js  " 
they  are  extre.el,  troublesome  and  expensive  to  make,  Td  The  ';o^^ 

L i:""* ^  ^"^"^'^^  *°  ^^^^^  --^ 

The  following  remarks  ^vi^l  be  found  applicable  to  aU 
sorts  of  floors.  The  joists  should  always  be  laid  across 
the  narrowest  part  of  the  room,  and  gii-ders  and  binders 
should  be  so  arranged  as  to  take  a  bearing  on  a  solid 
pier  or  wall,  and  not  over  door  or  window  opemn<.s 
In  cases  where  a  long  distance  has  to  be  traversed  by  a 
joist  and  it  is  supported  by  one  or  more  girders  iii 
the  length,  it  should  be  made  as  long  as  possible  By 
this  means  the  strength  of  the  joist  is  greatly  in- 
creased, as  also  is  its  usefulness  as  a  tie  to  the  walls 
...  .      .  ^  Flooring-boards  should  be  cut  and  prepared,'  and 

tacked  in  the  open  air,  with  free  ventilation  all  around,  with  propei  protiction 
tiom  wet,  for  as  long  a  period  as  possible  before  they  are  requii-ed  for  use  Where 
such  an  arrangement  is  possible,  it  is  well  to  have  the  boards  laid  down  in  the 
position  they  are  to  occupy  for  some  months  before  they  are  finally  nailed 

Two  other  forms  of  wood  floor  remain  to  be  noticed.    Tlie  first  which  is  a 
purely  decorative  addition  to  an  ordinary  floor,  consists  of  inlaid  pieces  of  oak  and 
other  woods,  and  is  known  as  par- 
quetry.    The  patterns  are  usually 
prejDared  in  square  slabs  about  |  inch 
in  thickness,  and  there  is  scarcely 
any  limit  to  the  elaboration  of  design 
to  which  this  form  of  floor  is  sus- 
ceptible.   The  second  kuad  of  floor 
is  that  formed  of  wood  bricks,  gene- 
rally 10  inches  long,  3  inches  wide, 
and   of   thicknesses   varying  from 
finch  to  1|  inch.    These  bricks  are 
laid  in  a  mixture  of  tar  and  asphalte 
on   a  stratum  of   concrete.  This 
system  makes  a  very  durable  kind 
of  floor,  and  the   apjiearance  can 
be  varied  at    a  very  slight  addi- 
tional cost.    Wood  brick  floors  with  tue  end  grain  upwards  are  also  sometimes 
used,  but  are  not  so  easily  cleaned,  and  are  very  readily  stained. 

It  is  often  desirable  to  prevent  the  sound  from  one  room  being  audible  in 
another  room  immediately  below.  One  method  of  effecting  this  is  to  fix  on  fillets 
nailed  to  the  joists  a  layer  of  rough  boards,  and  to  fill  in  on  the  top  of  these  boards 
a  stratum  of  lime  and  hair  mortar  (Fig.  49).  Slag  felt,  a  i)repanition  of  slag  wool, 
wliich  is  a  matci-ial  produced  by  blowing  oft'  waste  steam  into  the  slag  of  iron 
*  "  Notes  on  Building  Construction,"  Part  I.,  p.  9G. 


Fig.  49.— Soimd-proof  Floor. 
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of  deadening  sound.     In  °.        .^.^oden  blocks  one  inch 

the  under  side  of  the  joists  fillets  are  nailed  to  wooaen  u 

Sjeraf  to  these  fi^^^^^^^^^^^ 

ittl  i^^^^^^  Ms  process  of  felting  removes  entirely 

r       Jtv^Hch  the  sla.  wool  possesses  of  emitting  sulphuretted  hydrogen, 
A  S  of  rlS'  in  a  very  remarkable  manner  the  weight  of  the  material 
Bo  h        L:  m^^^^^^^^^^^  beiuj  fireproof,  are  to  be  preferred  to  saw^ist  an 
other  combustible  mateiials  sometimes  used.  Another 

desired  end  is  to  nail  strips  of  felt  on  the  upper  edges  of  the  joists  under  tiie 
tor-boards.     By  this  means  the  connection  between  the  joists  and  boardmg  i 
b  oLn     This  a/rangement,  as  Mr.  Stevenson*  points  out,  creates  some  difficu  ty  n 
to'  the  boards,  which  can  be  overcome  by  nailing  a  lath  along  the  top  of  the  felt 

Fartitions-ln  order  to  economise  space,  the  dividing  ^--^ 
are  often  formed  of  wooden  framing  plastered  on  each  side,  the  whole  thickness  of 
which,  including  plaster,  is  six  inches  as 
against  eleven  inches,  the  thickness  of 
a"  nine-inch  wall  when  plastered.  In 
forming  these  partitions  it  is  necessary  to 
guard  against  settlements,  which  result, 
of  course,  in  cracks  in  the  plaster  and 
cornices.  To  accomplish  this,  partitions 
should  be  suspended  in  the  manner  shown 
in  Fig.  50.  The  ends  of  the  partition  are 
can-ied  on  the  main  walls,  and  the  whole  . 
piece  of  framing  forms,  in  fact,  what  is  known  as  a  "truss."  Any  settlement 
occurring  in  the  outer  walls,  providing  they  are  of  equal  height,  will  carry  the 
partition  down  bodily,  and  no  injury  will  be  done  to  plaster,  ceiling,  or  cornice. 

Skvrtmg  and  Dados.— The  strip  of  wood  which,  of  varying  height  and  degrees 
of  moulding,  is  fixed  around  the  walls  of  a  room  immediately  above  the  floor, 
is  called  the  skirting,  and  when  above  this  again  the  waUs  are  panelled  to  a 
height  of  three  or  four  feet  or  more,  the  whole  is  called  a  dado.     Some  sort 
of  skirting  is  always  necessary  when  the  walls  of  a  room  are  plastered,  in  order 
to  make  a  neat  finish  between  the  plaster  and  floor-boards.     It  is,  however, 
far  better  to  form  the  skirting  in  cement  than  in  wood.     Whichever  material 
is  used,  the  projection  and  mouldings— except,  of  course,  where  elaborate  work  is 
a  necessity— should  be  as  slight  and  simple  as  possible.     The  most  satisfactory 
form   of  dado   and   skirting   would  be   glazed   encaustic   tiles,  with  marble 
mouldings  or  marble  inlay  throughout.    These  are,  however,  costly  materials, 
and  quite  out  of  the  question  where  expense  has  to  be  considered.  Another 
method  of  panelling  which  can  be  applied  with  ease  to  large  surfaces  of  walls 
is  to  cover  the  walls  with  thin  veneers  of  wood,  applied  in  the  same  way  as 
paper-hangings ;  wooden  mouldings  can  then  be  affixed  to  form  the  panels  in  any 
way  required.    A  surface  is  thus  obtained  which  is  durable,  cheap,  and  washable. 
Doors. — ^The  simplest  form  of  door  is  the  ordinary  four-panel  square  door, 

*  "House  Architecture." 
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such  as  is  commonly  used  for  servants'  offices,  bed-rooms  and  +1,.  rv  rr, 

[eni^  •  -7  ''''  the  muntin^s  are 

lories  I  I  "'f  r  "'J  "^^^       -^-'^  ^t-*'  l^es  1 

rnortices  in  the  styles  and  muntings,  there  are  also  vertical  groove  ,  into  which 

the  pa^aels  are  mserted.  It  will  thus  be  seen  that  if,  in  a  properly  conl'cted 
door,  the  parts  should  shi-ink,  there  is  no  possibility  of  daylight  Iwi^Hhlgh 

the  cracks.   The  middle  rail  has  two 
tenons,  and  on  the  side  on  which 
the  lock  is  inserted  the  tenons  are 
four  in  number,  to  allow  the  lock 
to  be   fixed  without    cutting  the 
tenons.     The  double  tenons  are  to 
avoid  cutting  so  large  a  mortice  in 
the  style  as  a    tenon  the  whole 
^  depth   of  the  rail  would  require. 
I  The  door    is    put   together  vith 
a  wedges  driven  in  on  each  side  of 
the  tenons.    It  will  perhaps  give 
some  idea  of  the  amount  of  labour 
involved    in   making  an  ordinary 
four-panel  moulded  door  if  it  is 
mentioned   that,  without  counting 
the  wedges,  it  contains  forty-three 
separate  pieces  of  wood.  Doors 
ouglit  to  be  framed  together,  and  left  to  season  for  as  long  a  time  as  possible 
before  they  are  required  to  be  fixed.    When  the  time  for  fixing  comes,  they 
should  be  taken  to  pieces,  the  mortices  carefully  cleaned  out,  glued,  put  together, 
and  the  wedges  driven  in,  and  the  whole  cleaned  off. 

In  setting  out  the  parts  of  a  door,  the  centre  of  the  middle  or  lock  rail  should 
be  kept  at  a  height  of  three  feet  from  the  floor-level,  this  being  the  most  convenient 
height  for  the  handle. 

When  the  upper  part  of  a  door  is  to  be  filled  with  plate  glass,  the  glass 
should  be  fixed  in  with  beads  fastened  with  screws  in  brass  slots.  To  counteract 
the  eflects  of  sudden  jars,  the  glass  should  be  bedded  in  wash-leather. 

Folding  doors  are  often  required,  especially  in  houses  of  the  suburban  villa 
class.  They  seldom  work  well,  the  fault  usually  lying  with  the  hinges,  which  are, 
as  a  rule,  too  weak  to  do  the  work  required  of  them.  Another  mode  of  throwing 
two  rooms  into  one  is  by  sliding-doors.  They  are  hung  on  wheels  working  overhead 
on  hard-wood  runners.  Dooi-s  of  this  kind  have  been  largely  used,  and  with 
satisfactory  results,  in  the  numerous  Board  Schools  built  in  the  last  few  years. 

Doors  and  gates  for  stables  and  outhouses  are  framed  on  a  somewhat 
dificrent  principle.  Instead  of  the  skeleton  framing  being  filled  in  with 
panels,  vertical  boards  with  a  V-shaped  joint  are  nailed  outside  the  framing. 


Fig.  51.— Construction  of  Doors. 


DOORS  AND  DOCK-POSTS. 
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r~"r~^;TT^of  tWs  W  is  caHed  a  framed  and  braced  door. 

rail  of  the  lower  door,  and  the  joint  between 
the  two  doors  should  be  splayed. 

The  proper  width  for  stable  doors  is  four 
feet,  and  for  coach-hoxxse  doors  (for  ordinary 
carriages)  eight  feet.  ' 

The  most  suitable  kind  of  door  for  outhouses 
is  what  is  known  as  a  ledged  door  (Fig.  53). 
This  is  formed  of  vertical  boards  held  together 

on  the  inside  by  horizontal  rails  or  ledges, 

usually  H  ii^c^e^  external  doors 

ought  to  have  some  kind  of  weather-board  at  the 

lower  edge,  to  prevent  the  driving  rain  from 

penetrating  under  the  bottom  of  the  door. 

The  sizes  of  doors  must  necessarily  vary 

with  the  position,  dimensions,  and  use  of  the 

rooms  to  which  they  belong.    As  a  general  rule, 

no  single  door  should  be  of  a  less  width  than 

2  feet  6  inches,  and  no  double  door  should  be 

less  than  2  feet  each.    For  bed-rooms  and  rooms  ,      i     «  w  10 

of  minor  importance  2  feet  10  mches  by  6  feet  10 
inches  is  a  convenient  size.  Sitting-room  doors 
should  be  not  less  than  3  feet  by  7  feet.  For  large 
and  important  rooms  a  width  of  3  feet  6  inches  is  not 
too  much,  but  no  single  door  should  be  wider  than  this. 

The  position  of  the  door  in  a  room  is,  of  course, 
governed  by  various  circumstances,  as  the  position  of 
windows,  fireplace,  and  also  the  use  to  which  the 
room  is  to  be  applied.    It  may,  however,  be  taken  as 
an  invariable  rule  that  a  door  should  always  open  m 
such  a  way  that  when  open  the  room  is  screened.  It 
should  not  be  so  near  the  fireplace  as  to  interfere 
with  the  comfort  of  people  sitting  round  the  fire  ;  and 
it  will  also  be  found  a  good  plan  to  place  the  door,  if  possible,  opposite  a  window. 
,     There  are  various  ways  of  fixing  doors.    In  lath 
and  plaster  partitions  the  usual  way  is  to  nail  strips 
of  wood,  called  linings,  to  the  post.     (See  Fig.  54.) 

Tliese  linings  are  splayed,  to  re- 
ceive the  plaster,  and  the  joint 


Fig.  52.— stable  Door. 


Fig.  53.— Outhouse  Door. 


% 

between    lining   and    plaster  is 
covered  by  a   moulding,  called 
the  architrave.    On  the  inside  of 
Fig.  54.  the  opening  another  lining,  called 

the  jamb-lining,  is  fixed,  and  to 
this  the  door  is  hung.     A  more  solid  arrangement  is  to  bring  the  post  A 
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rough  strips  of  wood,  grooved  ^'    ^    r  ^^^^^  ^-^^  to  grounds  or 

ceding  figure.     In  Fig/55  7  1  The  bH  I  ^"^^^  ^ 

-11,  and  to  which  th:  wo;dtork  t  W  c7  ^ 

^  J'  panelled  jamb-linin.    h  h  arcHh             ^f!'*'''  ^               ^  ^ackiiag, 

n,,   H  H  architrave   moulding,  g  the  doors.     All  this 


Fig.  55.— Front  Door  of  Terrace  House,  i 

appears  to  be  somewhat  complicated,  but  in  reaUty  it  is  as  simple  as  is  consistent 
with  sound  workmanship,  and  it  is  upon  the  proper  and  accurate  attention  to 
details  of  this  kind  that  the  efficient  working  of  the  various  parts  of  the  house 
depend, 

A  form  of  doorway  frequently  used  in  London  houses,  and  introduced  probably 
somewhere  in  the  early  part  of  the  last  century,  is  shown  in  Fig.  56.  In  houses 
where  no  side  light  can  be  obtained  for  the  entrance  hall,  all  the  light  possible 
must  be  obtained  from  the  front,  and  in  consequence  of  the  confined  width  of  the 
hall,  there  is  no  space  for  a  window  other  than  the  narrow  strips  of  lights  on  either 
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Side  of  the  door.  The  only  ^yay  out  of  the  difficulty  is  to  form  a  window,  or  fan- 
^M"  ovL  the  door.  In  probably  ninety-nine  cases  out  of  every  hundred  where 
atn^Te^^^^^  over  a  door,  it  is  made  a  fixture.  As  the  fanlight  xs  often  the  sole 
^  ans°vhereby  ventilation  can  be  obtained,  one  would  have  thought  that  what  is 
rtua  ly  the  exception  would  have  been  the  rule,  and  that  all  fanlights  would  have 
been  provided  with  proper  means  of  opening  and  closing  them  The  apparatus  for 
opening  fanlights  should  be  as  simple  as  possible,  and  should  be  arranged  xn  such  a 
mamier  that  if  cords  be  used  they  are  not  liable  to  be  cut  m  working  over  the 
pulleys.  An  apparatus,  consisting  of  two  curved  metal  arms,  with  a  ratchet  for 
keepin-  the  light  open  at  different  inclinations,  is  made,  and  works  well.  There 
is  also^an  apparatus  made  which  consists  wholly  of  metal,  by  which  the  fanlight  is 
opened  and  closed  by  means  of  levers. 

Windows.— In  domestic  buildings,  windows  formed  of  wood  are  ordinarily  ot 
two  classes-double-hung,  or  sliding  sashes,  and  casements.  Of  these  two  kinds  of 
sash  the  preference  for  all  ordinary  purposes  must  unhesitatingly  be  given  to  double- 
hung  sashes.  This  form  of  windoAV,  which  was  first  introduced  into  England  in  the 
reign  of  William  III.,  consists  of  two  frames  sliding  vertically  in  parallel  grooves. 
The  upper  sash  is  hung  in  the  outer  groove,  to  avoid  making  a  lodgment  for  rain, 
which  would  be  the  case  if  the  lower  sash  were  outside.  Each  sash  is  hung  by 
cords,  which  are  taken  over  the  wheels  of  pulleys,  fixed  as  high 
up  as  the  frame  will  allow,  to  which  are  attached  iron  or  lead 
Aveights,  which  should  be  slightly  lighter  than  the  sashes.  The 
lines  and  pulleys  should  be  of  as  durable  a  nature  as  can  be 
obtained.  Some  well-made  form  of  metal  rope  is  probably  the 
best,  and  a  pulley  so  constructed  that  friction  is  reduced  to  a 
minimum.  Fig.  57  shows  the  construction  of  the  frame,  and  the 
methods  adopted  for  keeping  the  rain  out.  A  is  a  section  through 
the  sash  showing  the  arrangement  of  the  sill,  c  is  the  oak  sill,  D  the 
stone  sub-sill.  The  bottom  rail  of  the  lower  sash  is  bevelled  to  fit 
the  upper  surface  of  the  sill,  which  is  weathered  to  throw  off  the 
water.  Immediately  under  the  point  Avhere  the  outer  edge  of  the 
lower  sash  touches  it,  the  sill  is  stepped  down  about  a  quarter  of 
an  inch,  and  a  groove  cut  in  under  the  upper  part ;  this  is  called 
throating,  and  is  a  further  precaution  against 
the  ingress  of  rain.  Grooves  are  also  cut  in  the 
under  side  of  the  oak  sill  and  the  upper  side  of  the 
stone  sill,  into  which  a  thin  bar  or  tongue  of  iron 
is  inserted,  and  fixed  with  white  lead.  Pj^^ 

A  plan  has  recently  been  introduced  by  which 
the  sashes  of  an  ordinary  double-hung  construction  can  also  be  opened 
on  pivots  if  required.  Without  pronouncing  an  opinion  on  the  merits 
of  the  particular  invention  referred  to,  the  obj  ect  sought  to  be  obtained 
is  a  most  desirable  one,  both  for  purposes  of  ventilation,  and  also  for 
the  ease  with  which  windows  fitted  in  this  manner  can  be  cleaned. 
A  simple  mode,  first  devised  by  the  late  Dr.  Parkes,  for  in- 
creasing the  efficiency  of  double-hung  sashes  as  means  of  ventilation,  is  as  follows : — 
The  lower  sash  being  raised  three  or  four  inches  (Fig.  58),  a  board  of  the  depth  rcquii-ed 


Fig.  58. 
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Fig.  59.— Casement  and  Sash. 

A  better  way  of  accomplishing  the  same  object  is  by  making  the  bottom  rail  of  the 
sash  5  or  6  inches  deep,  and  fixing  a  board  on  the  inner  edge  of  the  oak  sill  (b).  It 
would  be  of  great  advantage  if  the  lower  sash  of  every  window  in  a  house  were 
an-anged  according  to  the  latter  plan. 

Casement  windows  are  practically  glazed  doors,  and  may  open  either  inwards 
or  outwards.  The  weak  point  of  this  kind  of  window,  and  more  particularly  of 
those  which  open  inwards,  is  the  difficulty  of  keeping  them  weather-tight. 

In  exposed  positions  casements  ought  always  to  open  outwards,  so  that 
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the  effect  of  the  wind  pressing  upon  them  forces  them  together  when  closed. 
Another  objection  to  casements  is  the  impossibility  of  nicely  reguMxng  the 
fdmtsion  of  air ;  for  a  casement  cannot  be  opened  at  the  top  and  not  at  the  bottom. 
Lastly,  when  opening  outwards,  they  are  more  difficult  to  clean.  „    .      ,  •  , 

Casement  windows  are,  however,  valuable  from  the  large  volume  of  air  winch 
can  be  admitted  through  them.    For  this  reason  they  have  recently  been  adopted, 
with  the  sanction  of  the  Local  Government  Board,  in  the  wards  of  some  of  the 
lai-e  Metropolitan  Poor-law  Sick  Asylums.    The  accompanying  illustration  (Fig.  59) 
of  a  window,  designed  by  Messrs.  Saxon  Snell  and  Son  for  this  purpose,  shows  an 
ingenious  combination  of  casement  and  sliding  sash,  which  in  practice  is  found  to 
work  admirably.   All  the  joints  are  protected  with  india-rubber,  and  the  precautions 
taken  to  prevent  the  ingress  of  rain  have  been  found  to  be  perfectly  successful.  Ihe 
windows  being  directly  opposite  each  other,  by  opening  two  pairs  of  casements  a 
cun-ent  of  air  the  whole  Avidth  of  the  window,  and  between  seven  and  eight  feet  high, 
can  be  sent  across  the  ward  in  a  few  minutes;  while,  when  the  windows  are  closed, 
patients  can  lie  in  bed  within  a  few  inches  of  them,  and  be  absolutely  free  from . 
draughts.    Of  course,  such  an  arrangement  as  this  is  impossible  except  with  the 
closest  attention  to  detaUs  and  the  best  possible  workmanship  ;  nor,  on  the  other 
hand,  would  it  be  desirable  to  have  windows  absolutely  impervious  to  draught 
Avithout  proper  provision  being  made  for  a  constant  and  sufficient  supply  of  fresh  air. 

The  first  figure  in  the  diagrams  represents  the  external  face  of  the  window  divided 
vertically  down  the  centre,  with  the  corresponding  half  seen  from  the  inside.  The 
upper  portion,  divided  into  small  squares,  is  formed  to  draw  down  as  a  sliding  sash. 
The  larger  scale  details  are  sections  through  the  various  parts  showing  the  precau- 
tions adopted  for  excluding  rain  and  draught.  An  arrangement  which  might  -with 
convenience  be  more  generally  adopted  is  the  provision  of  a  space  formed  in  the 
thickness  of  the  floor  above,  into  which  the  Venetian  blind  is  drawn  up  out  of  sight. 

When  casements  are  required  to  open  inwards,  some  such  arrangement  as 
that  shown  in  Fig.  60  is  necessary.  There  are  several  other  contrivances  for  the 
same  purpose,  all  more  or  less  complicated,  but  it  is  not 
intended  to  describe  here  special  appliances  of  this  sort. 

Fastenings. — Both  kinds  of  windows  require  fastenings, 
to  keep  them  from  rattling  when  shut,  and  also  for  protection. 
Several  kinds  of  sash  fastener  are  available  for  sliding  sashes, 
of  which  it  -svill  be  sufficient  for  the  present  purpose  to 
remark  that  the  special  qualities  requisite  are  (1)  to  keep 
sashes  well  together,  and  (2)  to  render  it  absolutely  impos- 
sible that  tlic  fastener  should  be  opened  from  the  outside,  and 
this  in  as  simple  a  manner  as  possible.    This  last  condition 
is  important,  as  if  any  mechanism  of  a  complicated  nature  is 
employed,  it  is  quite  certain  to  be  neglected.    For  large  and 
heavy  sashes,  and  where  the  ordinary  fastening  would  have  to  be  fixed  out  of  reach, 
there  are  one  or  two  contrivances  made  by  which  the  sash  is  raised  or  lowered  by 
means  of  cords,  with  drop  handles  fixed  on  each  side  of  the  sash.    On  letting  go  the 
cords,  the  sash  is  automatically  fixed  in  any  desired  position.    Casements  require, 
besides  a  fastening  to  keep  them  closed,  some  kind  of  stay  to  keep  them  fixed  open, 
otherwise  the  wind  would  blow  them  about  and  the  glass  would  get  broken. 


Fig.  60. 
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Skylights  and  Lanterns. — In  rooms  wIict-p  \i  •  -x    x     ,  . 

teiate  habit  of  leaking,  though  this  may  be,  to  a  great  extent,  due  to  bad  comtmctiou. 


■■■ill  I  IP 
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Fig.  61. 

"  Where  a  direct  light  is  not  absolutely  necessary,  it  is  better  to  have  such  an 
aiTangement  as  that  shown  in  Fig.  61,  called  a  lantern-light.  The  upright  sides  are 
simply  rows  of  single  sashes  in  solid  frames,  the  frames  forming  the  supports 
for  the  roof.  The  moisture  condensed  on  the  inner  face  of  the  sashes  is  received 
into  a  gutter  at  g,  which  is  formed  by  carrying  the  lead  under  the  sill,  and  dress- 
ing It  into  the  holloAved-out  surface  of  a  wooden  moulding ;  short  lengths  of  lead- 
pipe  convey  the  water  through  the  sill  on  to  the  flat  outside.  Some  additional 
advantage  in  the  way  of  light  is  gained  if  the  sides,  instead  of  being  vertical,  are 

tilted  in  at  the  top.  The  most  con- 
venient inclination  is  three  inches  in- 
wards to  every  foot  in  height.  If  the 
roof  of  a  lantern  is  also  a  skylight,  an 
additional  condensation  gutter  must 
be  provided  at  tlie  higher  level. 

The  following  precautions  must  be 
observed  in  forming  ordinary  skylights 
(Fig.  62).  The  lead  must  be  brought  be- 
tween the  curb  and  the  skylight,  and 
turned  round  inside  to  form  a  channel 
both  for  condensation  and  for  any  rain 
that  may  chance  to  percolate  ;  the  under  sides  of  the  frame  must  be  tln-oated  as 
shown  in  the  section  ;  and  lastly,  the  glass,  which  should  be  carefully  fitted  to  the 
woodwork,  should  be  in  one  continuous  pane,  and  should  project  about  1  ^  in.  beyond 


Fig.  62 
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botto.  rail.  If  it  is  necessa,^  to  open  ^f^y^^^'!^  ^IS'otgM  toTe 
The  upright  lights  in  L'shTSl  LTa^^^^^^^^^  ■'eeirshutby 

hou^t  e  rec^^  London  and  the  neighbourhood,  fallen  greatly  into  disuse 

rrhowev e  it'is  still  desirable  in  some  situations  to  provide  some  addationa 
means  o  p  otection  to  the  ^vindo^vs,  it  will  be  convenient  here  o  describe  the 
vX  s  ways  of  constructing  shutters.  They  may  be  fixed  either  outside  or 
L  dT  Inlde  shutters  are  of  three  kinds-sliding,  folding,  and  coilmg^  Shding 
Ztters  are  formed  on  much  the  same  principle  as  sliding  sashes,  and  need  no 
further  description  here.  They  are  ordinarily 
used  for  the  inferior  rooms.  Foldmg  or  boxing 
shutters  are  simply  narrow  folding  doors,  which, 
in  the  day-time,  are  stowed  away  in  recesses  or 
boxmgs  on  each  side  of  the  window  to  which 
they  are  attached.  When  they  are  thus  folded 
away  the  outer  leaf  forms  the  jamb-lining  to  the 
window  opening. 

Coiling  shutters,  so  largely  used  for  shop- 
fronts,  are  formed  of  narrow  curved  slips  of 
wood  or  metal,  which  are  coiled  away  on  a  roller 
into  a  box  above  the  window. 

The  only  outside  shutters  calluig  for  notice 
are  those  formed  of  open  louvres  in  frames 
(Fig.  63).  These  are  called  jalousies,  and  are  an 
importation  from  Italy.  They  are,  in  reality, 
blinds.  They  are  extremely  useful  for  windows 
with  a  sunny  aspect,  as  they  admit  the  air 
copiously  whilst  keeping  ofi"  the  direct  rays  of 
the  sun.  They  are  sometimes  hung  on  hinges, 
like  doors,  and  sometimes  run  on  iron  or  wooden  guides  fixed  against  the  walls. 

Stairs— The '  position  of  the  staircase  governs  and  modifies  the  arrangement 
of  the  rest  of  the  house,  and  no  part  of  a  house  requires  more  careful  study 
and  contrivance.  A  staircase  in  which  the  relation  of  height  of  riser  to  width 
of  tread  is  badly  proportioned,  or  in  which  the  flights  are  of  inordinately  long 
lengths,  or  which  is  screwed  into  some  odd  corner,  and  the  deficiency  of  space 
eked  out  with  winding  steps  as  if  the  whole  thing  had  been  forgotten,  and  were 
stuck  on  at  the  last  moment  wherever  it  happened  to  come,  cannot  fail  to  be 
a  lasting  source  of  discomfort  to  the  inmates  of  the  house.  Such  an  arrangement 
is  however,  unfortunately,  by  no  means  an  uncommon  one. 

The  relation  of  riser  to  tread  should  be  based  upon  the  following  well-estab- 
lished scale  of  proportion  : — 

The  width  of  the  tread  multiplied  by  the  height  of  the  riser  should  equal 
66  inches.  Thus  if  the  tread  be  9  inches  wide,  the  riser  should  be  7^  inches. 
If  the  riser  be  6  inches,  the  tread  should  be  1 1  inches. 


Fig.  63. 
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1— „         feet       a  .«e.        ^  I  TSin  T^L  U^l 

of  cstfliV^         .1  r  w  ;  ^^^^^^'^  ^®  ^^o*^'^  *liat  the  dimensions 

legrded     '''''''  nosings  bein: 

A  wooden  staircase  of  the  simplest  form  is  constructed  in  the  following  manner 

On  the  Avail  side,  the 
treads,  a  a  (Fig.  64),  and 
lisers,  b  b,  are  housed 
into  a  board  about  one 
and  a  half  inches  thick, 
called   the  Avall-stiinir, 
and  Avhich  is  grooved  in 
the  way  shoAvn  in  the 
sketch   to  receive  the 
ends  of  the  treads  and 
risers.  These  grooves  are 
shown  to  be  considerably 
Avider  than  the  thickness 
of  the  steps,  in  order 
that  Avedges   may  be 
driven   in  after  being 
well  glued,  and  so  make 
the  Avork  solid.    On  the 
,       ,     ...  other  side,  the  string  or 

board  which  supports  the  steps  is  Avhat  is  called  a  cut  string,  being  notched  or  cut 
out  to  receive  the  ends  of  the  treads,  which  are  brought  over  with  a  return  moiUdin<r 
The  risers  are  usually  mitred  to  the  outer  string.  Between  the  two  strings  are 
fixed,  where  the  width  of  the  staii'case  exceeds  three  or  four  feet,  rough  beams, 
usually  called  carriages,  and  to  the  side  of  these  beams  are  nailed  rougli  pieces  of 
thinner  boards,  called  brackets.  Lastly,  the 
under  side  of  the  steps  are  made  still  more 
solid  by  glueing  blocks  of  Avood  in  the  inner 
angle  (Fig.  65).' 

The  usual  thickness  of  treads  for  deal  steps 
is  one  and  a  quarter  inches,  and  for  risers  one 
inch.  For  longer  bearings  than  four  feet  this 
thickness  should  be  increased.  The  risers 
should  be  united  to  the  treads  by  grooA'ed  and 
tongued  joints,  or  by  rebated  joints. 

The  part  of  a  staircase  Avhieh  is  exjiosed  to 
most  wear  is  about  three  inches  in  depth,  and  about  lialf  to  two-thirds  of  the 
width,  at  the  outer  edge,  of  the  tread  of  each  step.  This  can  be  obviated  in  business 
houses,  hotels,  and  other  places  Avhcrc  the  traffic  is  considerable,  by  coA'ering  each 
*  "Notes  on  Buikling  Construction,"  Part  II.,  p.  323. 


Fig.  64. 
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the  nosing,  and  well  nailed  down  with  copper 

"^^For  stah-cases  of  a  nxove  expensive  kind,  oak  and  teak  _,nake  ^^^^^^^ 
To  support  the  handrail,  it  is  necessary  to  have  some  kind  of  railing  ox  bal^'^teis^ 
The         est  form  of  baluster  is  a  square  bar  of  wood,  one  inch  thick.  Balusters 
I  Lned  or  carved  with  varying  degrees  of  f  f ^^^^^^^^^^^^ 

nature  of  the  work  and  the  expenditure  contemplated.     The  distance  between 
^Js^ni,  not  exceed  five  inches.    Cast  and  wrouglit  iron  ba  usters  are  also 
used     The  height  of  the  rail  from  the  stairs  should  be  from  three 
feet  on  wide  easy-going  treads  to  two  feet  eight  inches  on  steep  stairs 
the  dimension  being  taken  at  the  outer  edge  of  the  step.  The 
handraU  should  be  of  such  a  section  that  will  be  easy  and  comf  ortable 
to  hold,  and  should  not  be  too  wide.     No  doubt,  a  broad  well- 
moulded  rail  is  extremely  effective  in  a  large  staircase,  with  every 
other  surrounding  to  correspond]  but  in  ordinary  dwelling-houses 
the  first  requisite  in  a  handrail  is  that  it  should  be  a  ready  and  easy 
means  of  support  to  those  requiring  it.    "  If  you  want  a  large  rail  for        ^i^.  66. 
appearance,  it  should  be  of  this  kind  of  section  (Fig.  66),  with  a  roil 
or  cylinder  at  the  top  not  more  than  two  inches  thick,  and  any  ornamental  shape 
you  like  below.    The  Gothic  builders  knew  that,  and  made  their  handrails  so ;  but 
the  Kenaissauce  people,  who  thought  more  of  show  than  use,  introduced  those  wide- 
topped  monstrosities  which  seem  made  for  boys  to  slide  down  rather  than  for 

anybody  to  handle."*  .     ,  , 

Another  convenience  that  is  often  neglected  in  wide  staircases  is  that  there 

should  be  a  second  handrail  fixed  against  the  wall. 

Two  kinds  of  arrangements  are  available  for  staircases  in  ordinary  houses. 
The  one  called  a  dog-leg  staircase  is  where  there  is  no  space  or  well-hole  between 
the  outer  strings ;  the  other  kind  is  called  an  open  newel  staircase,  and  includes 
all  the  varieties  of  staircases  which  have  weU-holes.  Winding  steps  should  be 
avoided,  if  possible  ;  where  it  is  absolutely  necessary  to  use  them,  the  width  at  a 
distance  of  eighteen  inches  from  the  handrail  should  be  as  nearly  as  possible  the 
same  width  as  the  ordinary  treads.  By  this  arrangement  the  width  of  the  winder- 
step  where  the  traffic  is  greatest  will  be  the  same  as  that  of  the  rest  of  the 
s  t  £tir  C  &S  G 

»  Sir  Ed.  Beckett :  "Book  on  Building,"  p.  136. 
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CHAPTER  XL 

DETAILS  OF  CONSTRUCTION. -PLASTERING,  PAINTING,  AND  GLAZING 

hea  thv      '    I  '  C"^'  P"'-  ^^'^^       Pl-*--d  surface  is  i  n 

hea  thy,  as  well  as  the  most  lasting,  which  possesses  in  the  greatest  de'ree  tl  e 
quahtzes  of  hardness  and  density,  and  capacity  for  taking  polish.  A  wll I  fa  a 
with  a  porous  plaster  absorbs  the  moisture  given  off  by  resjration  and  eviporarn 
and  with  the  moisture,  organic  and  other  impurities.  Such  a  wall  el  tt Uy 
becomes  saturated  with  impurity,  which  can  actually  be  scraped  ofF  and  siU  m'ed 
to  minute  examination.  It  is  therefore  essential  to  adopt  some  means  wIleX  a 
wall  can  be  periodically  cleansed  from  these  impurities.  For  cottagers'  and  artisans' 
dwellings,  where  ime-white  or  distemper  colour  is  all  that  is  needed  in  the  w^  of 
decoration,  an  ordinary  well-plastered  wall  can  practically  be  cleansed  every  time  it 
as  hme-whited  or  coloured  ;  but  for  walls  of  a  class  superior  to  these,  where  custom 
demands  a  papered  surface,  the  plaster  should  be  of  as  unabsorbent  a  nature  as 
possible,  m  order  that  the  surface  shall  be  entirely  changed  whenever  the  paper  is 
renewed.  ^  '■ 

Although  one  of  the  objects  of  plastering  the  walls  of  a  house  or  room  is  to 
make  the  wall  more  iinpervious,  and  preserve  uniformity  of  temperature  witliin  the 
house.  It  must  not  be  forgotten  that  many  of  the  cheaper  class  of  houses  derive 
certain  benefit  from  the  perviousness  of  the  walls.  Professor  Von  Pettenkofer  states  •— 
"  For  a  wall  of  dry  brick  we  may  calculate  for  each  square  metre  (M9G  yard)"  of 
outside  wall,  and  for  each  1°  C.  of  difference  of  temperature  between  the  interior 
and  exterior  of  the  house,  that  from  fifty-five  to  fifty-six  gallons  of  air  will  pass 
through  the  walls  of  every  house."  *    This  may  be  a  very  valuable  auxiliary  to  the 
ventilation  of  a  house,  and  if  the  waUs  be  coated  with  a  dense  plaster  much  of  the 
benefit  would  be  arrested.    An  interesting  experiment,  demonstrating  the  porosity 
of  brick  or  mortar,  is  described  in  Dr.  Hime's  introduction  to  his  translation  of 
Von  Pettenkofer's  work.    A  cylinder  of  solid  diy  mortar,  5  inches  long  by  1^  inch 
diameter,  is  coated  on  the  outside  with  wax,  the  ends  being  bare,  and  then  at  each 
end  a  funnel  is  fastened  on  by  means  of  wax.     By  placing  the  tube  of  one  of  the 
funnels  in  the  mouth,  and  blowing  into  it,  a  sufficiently  strong  current  of  air  may  be 
easily  passed  through  the  mortar  to  divert  the  flame  of  a  candle  held  near  the  tube 
of  the  funnel  at  the  other  end.    Of  course,  the  more  dense  the  plaster  or  cement 
with  which  a  wall  may  be  covered,  the  more  perfectly  is  the  interchange  of  air 
likely  to  be  prevented,  and  the  sanitary  results  will  vary  accordingly. 

In  India,  Dr.  Mouat,  Inspector-General  of  Jails,  recounts  how  the  natives  are  in 

*  "Cholera  :  How  to  Prevent  and  Resist  it."  By  Dr.  Von  Pettenkofer.  Translated  by  T.  W.  Hime. 
B.A.,  M.B.,  1875. 
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,e  UUt      aaU,  cove..,,  «.e  "^^^i;^^'^:^ 

in  India  as  "leeping."  .  „,v,iirh^  of  most  large  towns 

In  the  speculative  building  which  goes  on  m  the  suburbs  ot  ^^^  ^"^i^ture 
the  kind  of  plaster  most  commonly  used  consists  to  a  great  ^f^^^^^^ 
of  lime  with  sifted  vegetable  mould,  and  sometimes  ^'j^^^t  u^T^j 
these  It  is  needless  to  point  out  that  such  a  composition  is  of  little  use  m  any 
^  WhHe  undisturbed  it  adheres  to  the  walls,  and  for.s  a  smoo  h  ^^^^ 
whLh  to  hang  the  waU-papering,  and  the  paper  is  of  ^^^^^  fj^f^ J, 

subsequently  keeping  the  so-called  plastering  in  its  place  ^^^^^ 
or  other  pieces  of  furniture  are  frequently  pushed  against  the  wall,  ^^^^  P^^^^^^^^^^ 
is  rapidly  damaged.  It  is  a  matter  for  regret  that  the  power  to  ^^^-^^^o^^d 
laws  the  plastering  to  be  formed  of  good  and  proper  materials  is  not  author l  ed 
by  the  Public  Health  Act,  in  the  same  way  as  is  permitted  wi  h  regard  to  the 
materials  used  in  the  structure  of  the  walls  themselves  of  new  buildings 

Ordinary  plaster  is  composed  usually  of  three  coats  or  layers  :  the  first,  or  rough 
rendering  coat  "  if  on  walls,  "  pricHng-up  »  if  on  laths,  is  made  with  one  or  one  and 
a  half  parts  of  sand  to  one  part  of  lime  mixed  with  long  ox-hairs.     The  second,  or 
floating,  coat  is  made  with  fine  stuff,  wHch  consists  of  lime  slaked  with  a  small 
quantity  of  water,  and  mixed  to  the  consistency  of  cream.    A  little  hair  is  added  to 
this  coat.    This  coat  is  named  from  the  "floats"  or  "screeds"  of  plaster  which  are 
formed  at  the  angles,  and  at  intervals  of  from  four  to  ten  feet  on  the  wall  or  ceiling. 
The  surfaces  of  these  are  then  brought  into  the  required  plane        P^ssmg  ong 
strai-ht-edges  over  them.   (See  "Notes  on  Building  Construction,"  p.  11.)  The  last, 
or  setting,  coat  is  a  thin  layer  of  "  fine  stuff","  or  it  may  be  made  with  plasterer  .s 
putty,  which  consists  of  lime  and  water  prepared  in  a  somewhat  diff-erent  way  from 
«  fine  stuff; "  or  lastly,  it  may  consist  of  gauged  stuff",  a  mixture  of  plasterer's  putty 
and  plaster  of  Paris.    The  object  of  using  this  last  mixture  is  to  insure  rapidity  m 
setting.    It  should  be  used  only  in  small  quantities.    Trowelled  stucco,  a  surface 
usually  prepared  for  painting  on,  consists  of  two-thirds  fine  stuff,  and  one-third 
carefully-washed  sand.    Bastard  stucco  is  made  in  the  same  manner,  with  the  addition 
of  a  little  hair.     Keene's  cement,  Martin's  cement,  and  Parian  cement  are  all 
mixtures  of  calcined  gypsum  and  other  substances.    Keene's  cement  is  the  hardest 
of  the  three,  and  is  susceptible  of  a  high  polish.     It  is  made  in  two  qualities,  the 
better  of  which  is  more  purely  white  and  takes  polish  better.     Both  kinds  set 
hard. 

Parian  cement  is  also  made  in  two  qualities.  It  is  generally  thought  to  work 
freer  than  either  Keene's  or  Martin's,  but  not  to  produce  such  sharp  angles  or 
mouldings. 

Martin's  cement  is  made  in  three  qualities,  the  best  or  superfine  being  pure 
white,  the  other  two  more  or  less  reddish. 

It  is  well,  when  either  of  these  cements  is  to  be  ultimately  painted,  to  apply 

*  Report  on  the  Statistics  of  the  Prisons  of  the  Lower  Provinces  of  the  Bengal  Presidency,  1861— 
18C5.   By  Dr.  Mouat. 
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Selenitic  cement,  an  invention  of  Grenprnl  S^-of+'c  u  i  , 

^eWdto:-        "     '  Construction"  before 

suloh^e'nfT'''*'  *'^^^^*)'  -^^^^^^i^^  ^  proportion  of 

Secf  and  t  r  '"'"r  "  ^'^^''^       P-^^'  mechanically 

rmxed  and  ground  Avith  lime.     Lime  may,  however,  be  selenitised  by  adding  a 

to  bp  *°        "^'^^^^  q^^i^kly,  and  enables  it 

loss  of  Ttrenrth  proportion  of  sand  than  ordinary  lime  without 

/'  Selenitic  clay  is  a  preparation  of  clay  and  sulphate  of  lime,  which,  when 
added  to  a  pure  or  nearly  pure  lime,  confers  upon  it  hydraulicity,  and  also  the 
quiclc-settmg  properties  of  selenitic  cement." 

A  sm^ace  fully  equal  to  those  of  either  Keene's  or  Parian  cements  can  be 
obtained  by  the  following  mixture  :-5  pails  of  water ;  1  bushel  of  prepared 
selenitic  lime;  3  bushels  of  prepared  selenitic  clay;  2  bushels  of  fine  washed 
sand ;  1  hod  of  chalk  lime  putty.  A  wall  finished  in  this  way  can  be  brought 
to  a  high  polish,  and  is  readily  Avashed. 

Cornices  and  mouldings  on  ceilings  are  formed  either  with  ordinary  gauged 
stuff,  or  they  may  be  cast  in  lengths  in  carton  pierre  or  papier  mach6.  Where 
great  projection  is  required,  wooden  brackets  are  fixed  to  the  ceiling-joists,  the 
under  surface  of  which  are  cut  out  roughly  to  the  profile  of  the  cornice. 

Imitations  of  marble,  known  as  "Scagliola"  and  "Marezzo  Marble,"  are 
different  preparations  in  which  plaster  of  Paris  plays  an  important  part.'  As 
materials  for  internal  decoration,  and  as  surfaces  of  an  absolutely  impervious  and 
washable  nature,  these  inventions  are  not  without  their  value,  though  Keene's 
cement  answers  all  the  purpose,  without  professing  to  be  what  it  is  not. 

All  salient  angles  of  plastered  walls  should  have  angle  staves  of  Keene's 
cement.    Wood  staves  are  sometimes  used,  but  cement  makes  better  work. 

Whitewashing  is  a  mixture  of  ordinary  lime  and  water,  and  is  used  for  com- 
mon walls  and  ceilings. 

Whitening  is  a  mixture  of  whiting  and  size,  and  is  applied  to  ordinary  ceilings. 

Clearcole  is  the  coating  of  size  which  is  applied  to  a  ceiling  to  fill  up  the 
pores  previous  to  whitening. 

Colouring  is  merely  the  addition  of  some  cheap  colour  with  ordinary  white- 
wash. 

Distempering  is  done  with  whiting  and  size,  with  the  addition  of  colour. 

Painting.  —  The  extensive  use  of  a  light-coloured  soft  wood,  such  as  deal,  for 
all  kinds  of  joiners'  work  has  doubtless  been  the  cause  of  the  application  of  paint 
to  both  interior  and  exterior  woodwork.  Paint  forms  at  once  a  protection  to  the 
wood  from  atmospheric  and  other  causes  of  decay,  and  a  means  of  decorating 
the  surface. 

The  surface  to  be  paijited,  if  of  Mood,  must  be  finst  preiiared  in  the  following 
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.vith  hot  lime.  Patent  knottmg  ^^-^^J^f/^  ^^^^^^^.^^^  ,f  turpentine  from  the 
The  object  of  these  applications  is  to  prevent  ^^^.^I^'TTI^^^  ^  bad  work  the 
7    ,    La  oko  to  prevent  the  knots  from  absorbmg  the  paint,  xu 

T,.e  surface  is  f;;;^™"    ^ "-'^'anl  prevent  the  subsequent  . 
Unseed  oj,  m  order  to  fi  l  -"P      J^^^^^^^^^^       „„i„;,i„„  coats  are  then  applied. 

The  base  most  commonly  used  is  white  lead.    This  substance,  wnicn  i^, 
of  lead   prepared  by  one  or  two  processes,  corrosion  or  precipitation,  fiom  the 
1  1   ha^tw^^^  drawbacks.     The  chief  of  these  is  its  PO-nous  nature 

?h  teU  kno.vn  painters'  coHc  is  produced  by  the  use  of  white  lead.  A  kmd  of 
paraly  is  also  is  caused  by  the  absorption  of  white  lead  through  the  pores  of  the 
IZ  iCler  disadvantage  attendii.g  the  use  of  white  lead  is  that  after  exposui. 
oThe  atmosphere  it  speedily  loses  its  wliiteness  and  bnlliancy  ;  ~  ^^^^^^^ 
as  when  exposed  to  the  atmospheres  of  many  manufacturing  towns  or  of  some 
locaT  impuiLs,  it  becomes  positively  black.  In  the  case  of  iron  a  galvanic  action 
is  set  up  between  the  lead  and  the  iron,  which  is  mjurious. 

A  substitute  for  white  lead  was  devised  by  Mr.  W.  Koy  Wilkms  (a  niarine 
landscape  painter),  and  adopted  in  1878  by  the  Dean  and  Chapter  of  St.  Pai^s, 
under  the  advice  of  Mr.  F.  0.  Penrose,  M.  A.,  their  architect.  The  base  used  by  Mi. 
Wilkins  is  kaolin  (the  china  clay  of  Cornwall,  a  decomposed  granite),  mixed  with  a 
small  proportion  of  zinc  white.  With  this  base  Mr.  Wilkins  restricted  hmiself  to 
the  use  of  mineral  colours  only.  . 

Another  substitute  for  white  lead,  which  promises  to  be  of  considerable  service 
to  the  builder,  is  the  "  Charlton  White."  This  paint,  which  is  the^  result  of  a  series 
of  experiments  extending  over  several  years,  is  an  oxy-sulphide  of  zinc.  It  is  pre- 
pared by  precipitating  sulphur  with  a  solution  of  zinc  chloride.  It  is  perfectly  free 
from  all  poisonous  character,  is  not  affected  by  sulphuretted  hydrogen,  and  is  quite 
neutral  in  contact  with  iron.  The  additional  advantage  is  also  claimed  for  this 
pigment  that  it  has  twenty-five  per  cent,  more  covering  power  than  white  lead,  and 
that  it  will  mix  freely  with  paints  which  white  lead  destroys. 

The  best  kind  of  oil  for  painters'  work  is  linseed  oil.  "  Raw  linseed  oil  is 
obtained  by  allowing  th«  oil,  as  first  expressed  from  the  seed,  to  settle  until  it  can 
be  drawn  off  clear."*  Gcod  linseed  oil  is  pale,  transparent,  has  a  very  slight 
smell,  and  is  sweet  to  tasto.  It  improves  by  keeping,  and  should  never  be  used 
under  a  year  old.    Boiled  oil  ia  used  when  tho  work  is  wanted  to  dry  quickly. 

Driers  are  substances  the  use  of  which  is  to  accelerate  the  solidification  of  the 
oil.  They  are  made  of  various  ingredients,  such  as  litharge,  acetate  of  lead,  red  lead, 
sulphate  of  zinc,  verdigris,  &c.  The  following  precautions  to  be  observed  in  the  use 
of  driers  are  given  in  the  "  Notes  "  ; — 

•  "Notes  on  Luildijig  Constructioi!,"  Piui  HI.,  p.  3'J6. 
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4t  .  Not  to  use  more  than  one  drier  to  the  same  colour. 

6  h  °  "■^■^"'^  l^'"""  'o     of  good  oualitv 

rrut:/:;rt"°^'"'-^  ^  veMrh^ihLr-:^  rcrrir; 

..re  ;  a  fe.  of  the  Uh.,.,  to  he  '^^''^^ 

O-reens.—Allgveen  pigments  are  made  either  from  copper  or  arsenio  in  «nn..  f 
or  otlipi-     TlirxsQ  iv>+^     1  ■  .  "^"i^^^     ai seme  in  some  torm 

Vien^  .reen  SoheeW.  green.        eme^M  g^efr  a„  ? '  h^;  •  1^ p;;,rtT 
Of  blue.  In.  , go  .s  not  a  du.uble  eolour,  espeeially  if  n>°J„ith  white^el 

h.u^^7      \  •'"■^  '°  '»       "I^'-o-s,  the  latter 

Demg  apt  to  lose  colour  m  bad  air. 

_  The  most  brilliant  red  next  to  carmine,  which  is  too  expensive  for  use  in  house 
paxntjng.  xs  vermUxon      It  is  often  adulterated  with  red  lead,  whiclx  xnuch  inju" 
Its  coloxxr  and  durabxlxty.    The  test  of  purity  is  heating  the  paint  in  a  test-txxbe  I 
pure  xt  will  entxrelj  volatilise. 

The  Silicate  Paint  Company  manufacture  a  series  of  paints,  into  the  composition 
of  which  It  IS  stated  that  no  injurious  ingredients  enter.  Lead,  arsenic,  copper  and 
autxmoxxy  salts  are  used  ixx  different  ways  to  give  brilliancy  to  many  colours  To 
abolxsh  these  poxsoxxous  substances,  axxd  to  substitute  for  them  ingrediexxts  of  perfectly 
neutral  character,  is  without  doxxbt  a  very  valuable  improvement  on  the  score  of 
health.  These  sxhcate  paints  are  prepared  from  a  pure  silica  obtained  from  the 
West  of  England.  This  is  levigated,  calcined,  and  mixed  with  resinous  substances 
iiesides  thexr  non-poxsonous  qualities,  these  paixits  ax-e  said  to  stand  200°  heat 
wxthout  blisteriixg,  to  have  no  chemical  action  on  metals,  and  to  cover,  wei<^ht  for 
weight,  double  the  surface  of  ox-dinaxy  paint.  * 

The  same  Company  have  patented  a  form  of  distemper  which  is  caUed  "Duresco  " 
It  is  prepared  from  the  "Chariton  White"  described  above,  and  when  applied  to 
brxck,  stone,  or  plaster  it  hardens  ixi  such  a  manner  as  to  indurate  the  surface.  It 
is  further  claimed  for  this  process  that  it  is  washable,  that  it  is  absolutely  non- 
poisonous,  and  that  it  prevents  the  percolation  of  xnoisture.  It  also  has  the  great 
advantage  of  being  so  easy  of  application  that  a  labourer  can  apply  it  in  a  simUar 
manner  to  whitewash. 

The  silicate  enamel  is  a  substitute  for  the  expensive  and  delicate  process  of 
ordinaiy  enamelling.  It  presents  a  hard  polished  surface,  which  is  impervious  and 
washable.    It  can  also  be  used  as  a  watex-proofing  composition  for  damp  walls. 
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Another  kind  of  paint,  for  whicli  important  properties  as  regards  the  preservation 
of  itn  a^i  claimed,^  the  Torbay  Oxide  Paint.  In  the  opinion  of  many  emiiie^ 
enc^iiTers  iron  ougit  to  form  the  base  of  any  protective  covenng  for  ironwork, 
fs  em  also  necessary  that,  to  attain  the  proper  degrees  of  adhesiveness,  elasticity 
and  coveruig  power  combined,  the  iron  should  not  be  in  excess_  ot  the  other 
^cn-edients.  These  qualities  are,  it  is  alleged,  possessed  by  the  paint  now  under 
consideration.  The  base  of  the  Torbay  paint  is  an  oxide  found  at  Brixham,  in 
Devonshire.  Into  the  process  of  manufacture  it  is  not  necessary  to  enter  here. 
It  Avill  be  sufficient  to  note  the  fact  that  the  paint  has  now  been  in  use  for  upwards 
of  fourteen  years,  and  that  the  experience  of  that  period  seems  to  have  established 
the  fact  that  it  is  not  affected  by  extremes  of  heat  or  cold,  or  by  the  action  ot 
sea  water;  and  that  it  has  a  remarkable  affinity  for  and  power  of  protection  to 


iron, 


Szerelmy's  compositions  are  of  three  kinds.  The  first  is  for  protecting  the 
surface  of  stone  from  decay  from  atmospheric  causes.  It  was  used  with  some 
success  in  arresting  for  a  time  the  progress  of  decay  in  the  stone  of  the  Houses  of 
Parliament.  It  is  also  claimed  for  this  composition  that  it  is  perfectly  waterproof. 
The  other  two  compositions  are  an  iron  paint  and  liquid  enamel. 

Besides  the  above  there  are  several  other  paints,  as  the  Granitic,  Indestructible, 
Anti-corrosion,  and  others,  for  each  of  which  some  special  advantage  is  claimed. 

Luminous  Paint— An  invention  which  stands  quite  by  itself,  and  promises  to 
be  of  wide  importance  for  many  purposes,  is  Balmaine's  Luminous  Paint.  This 
remarkable  paint  was  invented  by  the  late  Mr.  W.  H.  Balmaine,  a  chemist  of  some 
eminence,  who  devoted  much  of  his  time  to  the  special  study  of  phosphorescent  sub- 
stances.   The  paint  itself  is  a  preparation  of  sulphur  and  lime,  and  has  the  remark- 
able property  of  emitting  light  for  a  considerable  period  after  the  luminous  source  is 
removed.    For  instance,  it  has  been  found  that  a  lifebuoy  thickly  coated  with  the 
paint,  when  placed  in  the  water,  after  being  for  several  hours  previously  in  darkness, 
emitted  light  so  freely  that  it  was  plainly  visible  at  a  distance  of  a  hundred  yards. 
The  value  of  such  an  invention,  both  for  purposes  of  health  and  convenience, 
is  obviously  great.     In  bed-rooms,  for  instance,  the  dial  of  a  clock,  a  bracket 
for  matches,  or  a  small  contrivance  for  holding  a  watch,  would  obviate  the 
necessity  for  burning  gas  all  night.    In  hospitals,  in  the  passages  and  water-closets, 
and  possibly  in  the  wards,  at  any  rate  those  for  convalescents,  the  free  use  of  the 
paint  might  well  supersede  artificial  light,  and  thus  help  to  keep  the  air  pure, 
as  well  as  reduce  the  cost  of  lighting.    Another  most  valuable  purpose  to  which 
this  invention  might  be  applied  is  that  of  labels  for  bottles  containing  poison.  The 
word  "  Poison  "  appearing  as  if  written  in  letters  of  fire  on  the  bottle  would  be  a 
far  better  protection  against  the  fatal  mistakes  which  from  time  to  time  occur  than 
any  difference  of  colour  or  peculiarity  in  the  form  of  the  bottle. 

Amongst  other  purposes  to  which  this  paint  might  be  applied  are  the  names  and 
numbers  on  doors,  especially  in  country  parts  where  no  gas  exists — ^bell-pulls, 
letter-boxes,  and,  though  not  quite  within  the  scope  of  the  present  subject,  sign- 
posts and  tlie  names  of  streets. 

Varnishes. — "Varnish  is  a  preparation  of  resin  dissolved  either  in  oil,  turpen- 
tme,  or  alcohol.  It  is  applied  to  painted  surfaces,  to  paper-hangings,  or  to 
plain  wood,  either  stained  or  not.    It  is  chiefly  useful  as  a  means  of  obtaining  a 
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hard,  durable,  and  non-absorbent  surface.  When  the  surface  to  be  varnished 
is  porous,  one  or  two  coats  of  size  should  first  be  applied,  other-svise  the  varnish  will 
sink  into  the  material  and  the  effect  be  lost.  The  best  varnish  is  that  called 
copal.  In  applying  it  care  should  be  taken  that  the  surface  to  be  varnished 
is  perfectly  free  from  dirt  or  foreign  matters,  and  that  the  brushes  used  are 
perfectly  clean  and  free  from  oil.  It  should  be  applied  in  thin  coats,  and  the 
second  and  subsequent  coats  should  not  be  applied  until  the  preceding  one  is 
absolutely  dry  and  hard. 

Deal  is  frequently  stained  to  give  it  the  appearance  of  some  darker  sort  of 
wood,  and  varnished  with  boiled  linseed  oil. 

Glass. — The  chief  varieties  of  glass  in  use  for  building  purposes  are  crown, 
sheet,  and  plate  glass.  Crown  glass  is  blown  in  flat  circular  discs  or  tables,  in 
the  centre  of  which  is  the  "  bullion  "  or  boss,  so  familiar  in  old  greenliouses  and 
outbuildings,  where  it  was  largely  used,  from  the  fact  of  its  not  being  subject 
to  the  glass  tax.  Of  late  years  these  bullions  have  been  much  in  request  as 
ornamental  features.  Sheet  glass  is  rapidly  superseding  crown  glass,  from  the 
fact  of  its  being  procurable  in  much  larger  sheets.  What  is  known  as  patent 
plate  is  sheet  glass  polished  on  both  sides.  It  can  be  distinguished  from  real 
plate  glass  (called  British  plate)  by  the  waviness  of  the  surface  and  the  form  of  the 
bubbles.  In  patent  plate  the  bubbles  ai'e  irregular  in  form,  while  in  British 
plate  they  are  always  circular. 

Plate  glass  is  made  by  pouring  glass  at  a  white  heat  on  to  iron  tables,  and 
then  rolling  it  out  under  heavy  metal  rollers.  The  advantages  of  plate  glass 
are  its  strength,  thickness,  and  translucency.  The  amount  of  light  intercepted 
by  plate  glass  and  sheet  glass  respectively  has  been  ascertained  to  be  " — 

Polished  plate  glass  -4^-iiich  thick  13  per  cent. 

36  oz.  sheet  glass  22  per  cent. 

With  thick  glass  the  loss  of  heat  by  evaporation  is  much  less  than  with  thin 
glass. 

Glass  is  usually  fixed  into  woodwork  by  means  of  putty.  The  panes  should  be 
cut  a  shade  smaller  than  the  opening  into  which  they  are  to  be  fixed,  in  order 
that  the  edges  of  the  glass  shall  not  come  into  actual  contact  Avith  the  wood- 
work. The  putty  intervening  between  glass  and  wood 
thus  serves  to  deaden  any  jar  received  by  the  sash.  The 
1  c  manner  in  which  this  object  is  attained  is  by  what  is 
called  "back-puttying  "  (Fig.  67).  A  layer  of  putty,  A,  is 
first  spread  over  the  narrower  face  of  the  rebate  B.  Against 
^.  this  the  glass  C  is  pressed,  and  a  portion  of  the  putty  is 

squeezed  out  and  fills  up  the  interstice  D.  Finally,  the 
wedge-shaped  front  putty  is  applied.  Large  panes  of  plate  glass  are  fixed  in  vnth 
wooden  beads,  and  are  frequently  bedded  in  wash-leather  or  vulcanised  india-rubber 
to  deaden  the  effects  of  concussion. 

The  method  of  glazing  with  small  squares  or  diamonds  of  glass  inserted  in 
strips  of  lead,  and  known  by  the  name  of  quarry  or  quarrel  glazing,  is  performed 
thus  :— A  strip  of  lead  is  formed  in  section  like  the  letter  H.     This  is  called 

*  Gnltou. 
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 ^  \      'r  K^r  snldpi-in^  the  cames  together. 

,  The  dc»i,ed  ^^f .flT .tt  and  turned  down  again 

^^r:::^:^::^!^^^^:^^'^^  -Js_.  and . 

which  the  saddle-bars  are  affixed.  ^.^^  patterns  printed 

The  practice  of  covering  the  walls  of  looms  ^J-^^n  p  i  i  ^^^^^ 

in  colon'  is  a  coniparatively  modern  one,  and  one  that  J^^^^  he  y 

.nniixed  henefit  to  tj^^  health  of  s^^^^^^  /^ll  ^pe^^  of  gaudy  L,  the 
cheap  waU^ovev^g  ha.  led  to        ^  J,,,  presence  of  poisonous 

very  bnghtness  of  jhich  xs^u  ^^^^^^  ^.^^     ^^^^^^^^^  ^^^^^ 

colourmg  matter ;  but  tliis  point  wii  ,  .     decorative  purposes  a 

;i==3HS^t— ^^^^^ 

condition,  reinired  of  brightness  cheapness^ 

Besides  injnrious  consequences  ammg  from        "^^^^  ? 
too  frequent  custom  of  hanging  fresh  papers  on       Jjl^        ^  ^ 

rrhn'rrs:ar  the  ;per  itseif . 

&bri  tL^^^^^  annoyance,  accompanied  by  some  illness,  was 

"by  a  ^^^^  -tolerable  stench.  This  was  ultimately  traced  to  the  papered 
vTl  of  the  officers'  quarters,  which  were  found  to  be  covered  with  numero^ls  laye  ^ 
If  papers  one  over  the  other,  the  innermost  layers  being  in  a  state  of  putrid 

''T^^in,  old  walls  it  is,  then,  of  the  first  importance  to  clear  away  all 
vestices  of  the  old  papers  before  proceeding  to  hang  the  new  one.  Of  course  m 
Zny^instances  this' involves  additional  trouble  in  the  shape  of  making  good  the 
surface  of  the  plaster;  the  process  of  scraping  off  the  old  papers  often  resulting  m 
small  pieces  of  the  plaster  being  detached.  Additional  trouble  obviously  means 
additional  expense ;  hence  the  adoption  of  the  custom  at  the  expense  of  health  A 
cood  decorator  will  always  clearcole  his  walls  before  papering.  This  is  to  be 
commended  both  on  the  score  of  cleanliness  and  also  as  affording  a  good  surface 

for  applying  the  paper.  „  ,    ,    ,    i        i    x  a 

Paste  to  be  used  for  paper-hanging  should  be  made  of  the  best  white  wheat  flour 
and  clean  water.  Gum  arable,  alum,  and  rosin  are  sometimes  added  for  various 
purposes ;  but  for  aU  ordinary  papers  the  pure  flour  paste  is  amply  sufficient. 
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CHAPTER  Xn. 

DETAILS  OF  CONSTRUCTION — METAL-WORK. 

Hinges.  Fastenings,  Locks,  and  Handles-Smiths'  and  Ironwork-Rust-Plumbers'  Work-Cisterns 

and  Taps— "Water-service  Fittings. 

/ronmonfferrj.-The  various  appliances  for  opening  and  closing  doors  and 
windows  securing  them  from  intrusion,  and  fastening  them  in  their  places,  all 
have  to  be  fixed  by  the  carpenter,  and  are  usually  known  as  joiners'  ironmongery. 

It  IS  not  within  the  scope  of  the  present  work  to  recommend  particular  inventions 
or,  indeed,  specialities  of  any  sort.  All  that  can  be  done  here  is  to  describe  the 
apparatus  best  suited  for  the  purpose,  and  to  leave  the  reader  to  make  choice  out 
of  the  many  excellent  and  ingenious  tilings  he  will  find  ready  to  his  hands. 

_  Hinges  are  made  of  brass  or  of  wrought  and  cast  iron.  The  only  object  in 
using  brass  seems  to  be  appearance ;  it  is  a  bad  material,  both  on  account  of  its 
softness  and  its  tendency  to  corrode.  Probably  the  best  kind  of  hinge  is  cast  iron 
with  steel  pins.  It  is  mistaken  economy  to  use  very  narrow  hinges.  The  leverage 
on  the  screws  is  materially  reduced  by  using  wide  hinges,  and  the  additional  cost 
is  not  worth  considering.  Swing-doors  are  usually  hung  with  a  special  contrivance 
at  the  bottom.  The  door  fits  into  a  metal  shoe,  which  works  on  a  pivot.  This 
pivot  is  regulated  by  a  spring,  which  is  fixed  under  a  brass  plate  flush  with  the 
floor.  These  are  expensive  things,  but  when  well  made  and  properly  fixed  they 
will  last  for  years.  About  the  best  kind  of  hinge  for  a  door  that  is  intended  to 
be  self-closing  is  that  known  as  a  "  rising  butt."  The  part  which  is  fixed  to  the 
door  has  a  spiral  action  in  an  upM'ard  direction  when  opening,  and  thus  the 
additional  advantage  is  gained  of  a  slight  rise  in  the  door,  by  which  it  is  enabled 
to  clear  the  carpet  when  opening  and  is  closer  to  the  floor  when  shut.  Cross  garnet 
hinges  are  used  for  the  smaller  kinds  of  outhouse  doors,  and  strap  hinges,  with  hook 
and  ride  action,  for  the  larger  doors  and  gates. 

Many  varieties  of  screws  and  nails  are  used  in  fixing  joinery.  It  would  be 
impossible  here  to  enumerate  them  all,  nor  would  it  serve  the  present  purpose 
to  do  so.  In  old  joinery  the  work  was  put  together  with  wooden  pegs,  usually 
of  oak.  In  very  first-class  work  this  is  done  in  the  present  day ;  indeed,  in 
work  not  intended  to  be  painted  it  is  almost  necessary  to  do  so  to  avoid  the 
unsightly  appearance  of  nail  and  screw  heads. 

Locks  for  ordinary  domestic  work  are  of  several  kinds.  Interior  doors  of  a  less 
thickness  than  two  inches  are  usually  fitted  with  a  lock  called  a  rim  lock,  the  me- 
chanism of  which  is  enclosed  in  an  iron  box,  which  is  screwed  on  to  the  face  of  the 
.door.  The  box  is  usually  made  of  cast  iron,  and  japanned.  Amongst  recent  improve- 
ments in  the  manufactui-e  of  rim  locks  may  be  mentioned  the  Anglo-American 
locks,  which  are  of  stronger  make,  better  in  design  and  finish,  and  better  japanned 
than  most  English  rim  locks.  Tlie  casting  is  clean  and  true,  and  the  outer 
angles  of  the  locks  are  rounded,  and  thus  present  none  of  those  sharp  edges  which 
form  such  objectionable  features  in  the  ordinary  lock.    By  a  simple  contrivance 
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inside  the  lock,  the  screws  wliicli  fasten  the  plate  on  are  not  brought  through  to 
the  surface.  The  mode  of  japanning  by  dipping  the  whole  lock  into  the  liquid 
japan,  instead  of  painting  it  on  with  the  brush,  together  with  the  much 
iniproved  quality  of  the  japan,  greatly  improves  the  appearance  of  the  locks. 
The  coarse  and  streaky  appearance  of  many  rim  locks  is  due  to  the  mferior 
quaUty  of  the  japan,  which,  indeed,  is  frequently  soft  enough  to  come  off  with 
a  slight  rubbing.  In  America  it  is  the  custom  to  devote  very  much  more  care 
and  expense  to  the  ornamentation  of  rim  locks  than  in  this  country,  the  outer 
plates  being  frequently  elaborate  and  beautiful  pieces  of  metal-work  even  m  inex- 
pensive'locks. 

When  it  is  desirable  to  entirely  conceal  the  lock,  what  is  called  a  mortice 
lock  is  used.  The  object  to  be  aimed  at  in  a  mortice  lock  is  compactness,  so 
that  the  style  of  the  door  shall  not  be  unnecessarily  cut  into  and  weakened. 
This  is  successfuUy  attained  by  a  lock  of  American  manufacture,  in  which  the 
mechanism  is  arranged  in  so  small  a  space  that  the  mortice  to  receive  it  can 
easily  be  formed  in  the  space  between  the  tenons.  The  depth  of  these  locks  is 
only  li  inches,  and  the  thicloiess  f  inch.  An  additional  advantage  is  the  simplifica- 
tion of  the  labour  of  fixing.  The  top  and  bottom  edges  being  rounded,  the  mortice 
can  be  made  by  simply  boring  two  holes  with  a  centre-bit,  and  cutting  away 
the  space  between  them,  the  labour  involved  in  making  the  mortice  rectangular 
being  entirely  dispensed  with. 

Another  useful  idea  which  is  carried  out  by  some  lock-makers  is  to  affix  a 
number  to  each  key  and  also  to  the  plate  of  the  lock.  A  register  is  kept 
of  all  locks  and  their  destination,  so  that  a  lost  key  can  be  readily  replaced  or 
an  additional  key  obtained  merely  by  forwarding  the  number  to  the  maker.  It 
will  be  obvious  also  that  such  a  system  of  numbering  would  obviate  much 
inconvenience  resulting  from  mixing  up  the  keys  of  a  large  establishment. 

Locks  for  front  doors  are  nowadays  commonly  of  small  size,  but  are  often  of 
very  excellent  mechanism.  One  kind  of  lock  for  this  purpose  consists  of  a  number 
of  thin  levers  of  brass  or  iron  working  side  by  side.  Another  kind  is  a  solid 
bolt  with  a  spring.  Both  kinds,  when  well  made,  are  convenient  and  efficient- 
By  an  arrangement  of  small  bolts  acting  on  the  levers,  these  locks  can  be  counter- 
locked,  so  that  the  key  cannot  be  worked  j  they  can  also  be  held  open  when  it  is  so 
desired. 

The  usual  method  of  fixing  door-handles  is  a  very  poor  contrivance.  A 
screw,  necessarily  short,  is  inserted  through  the  neck  of  the  handle,  to  get  what 
grip  it  may  on  the  "spindle,"  or  bar,  which  passes  through  the  lock.  The  con- 
sequence of  fixing  handles  in  this  way  is  that  they  are  constantly  coming  off.  A 
more  secure  way  is  that  adopted  by  the  American  manufacturers  before  mentioned. 
The  spindle  is  grooved,  and  the  angles  indented  in  a  spiral  direction.  The  inside 
of  the  handle  is  grooved  in  a  screw  form,  and  thus  screws  on  to  and  retains  a 
firm  hold  on  the  spindle  ;  when  it  is  in  the  required  position,  a  screw  is  inserted 
in  the  neck  of  the  handle,  and  screwed  down  into  the  deep  groove  on  the  spindle; 
this  holds  the  handles  firmly  in  their  proper  position. 

Latches  to  street-doors  ouglit  always  to  have  a  plate  or  curtain  over  the  key- 
hole to  keep  out  the  dirt. 

The  appliances  for  opening  fanlights  and  casements  and  for  fastening  sashes 
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have  already  been  mentioned.  One  additional  apparatus  ought,  however,  to  be 
noticed  liere.  It  is  what  is  known  as  an  Espagnolette  fastening,  and  is  used  for 
the  double  purpose  of  opening  and  closing  a  "  French  "  casement  and  the  water- 
bar  arrangement  at  the  sill  simultaneously.  It  consists  of  a  long  rod  which -turns 
in,  closing  a  quarter  of  a  circle.  At  the  bottom  of  this  rod  is  a  curved  elbow, 
which,  when  the  rod  revolves  in  closing,  pushes  the  water-bar  into  its  place! 
When  the  use  of  such  a  fastening  is  imperative,  care  should  be  taken  that  the  ■ 
workmanship  is  the  best  obtainable ;  a  badly-made  contrivance  is  often  worse  than 
none  at  all. 

Sviiths'  Fb?-^.— In  building  and  fitting  up  a  house,  the  aid  of  the  smith  and 
iron-founder  must  be  called  in  to  supply  iron  girders,  stoves,  cisterns,  and  any 
other  constructive  appliances  or  fittings  which  it  is  desirable  to  make  of  iron. 
Though  iron  girders  of  any  gi-eat  size  are  principally  used  for  warehouse  and 
factory  building,  it  is  sometimes  necessary  in  large  houses  to  employ  a  considerable 
amount  of  them.  In  town  houses  too,  built  in  flats,  it  is  necessary  to  make  the 
floors  fireproof,  and  for  this  purpose  iron  beams  embedded  in  concrete  are  employed 
to  carry  the  floors.  It  is  impossible  here  to  give  an  accurate  description  of 
the  appearances  of  the  difierent  qualities  of  iron,  or  to  enumerate  the  various 
tests  by  which  the  strength  of  a  beam  or  girder  can  be  ascei-tained;  nor  would 
it  be  of  any  real  service  to  do  so.  The  quality  of  iron  ought  to  be  examined 
by  some  competent  person,  aiid  the  strength  tested  by  some  such  means  as  the 
very  ingenious  machinery  invented  by  Mr.  Kircaldy.  These  remarks  apply,  of 
course,  to  cases  where  a  more  or  less  extensive  use  of  iron  for  constructive  purposes 
is  contemplated. 

In  arranging  the  sizes  of  iron  cisterns,  regard  should  be  had  to  the  position 
they  are  to  occuj^y.  They  should  not  ordinarily  be  more  than  3  feet  6  inches  deep, 
and  some  provision  should  be  made  by  which  they  can  be  cleaned  out  easily,  A 
good  plan  is  to  make  the  bottom  slope  to  the  centre,  with  plug  and  hole  to  open 
when  the  cistern  is  empty.  The  size  of  a  cistern  should  be  calculated  at  1  cubic  foot 
for  every  6^  gallons,  A  space  of  at  least  3  inches  in  height  should  be  left  above 
the  water-line.  Iron  cisterns  should  be  galvanised — ^that  is,  covered  with  a  thin 
coating  of  zinc,  to  preserve  the  iron  from  oxidation.  This  process  answers 
jjerfectly  so  long  as  the  coating  is  intact ;  when  once  tlie  iron  is  exposed,  either  by 
the  metal  itself  cracking  or  the  coating  of  zinc  being  too  thin  or  becoming  damaged, 
the  action  of  the  atmosphere  eventually  destroys  the  iron. 

Iron  casements  are  mostly  used  when  the  framework  or  mullions  of  the  windows 
are  made  of  stone.  They  are  usually  made  of  wrought  iron,  and  are  furnished 
with  very  similar  apparatus  for  opening  and  closing  to  wooden  casements,  but  they 
are  rarely  weathertight. 

Iron  is  also  employed  for  columns,  parts  and  sometimes  the  entire  framework 
of  roofs,  eaves,  gutters,  pipes  of  all  kinds,  and  for  stoves  and  ranges.  In  America 
Avhole  fronts  of  houses  are  constructed  of  cast  iron  framed  and  bolted  together, 
and  fashioned  in  such  a  way  as  to  present  the  appearance  of  masonry.  The  result  is 
not  such  as  to  encourage  an  imitation  in  this  country.  It  may,  however,  be  remarked 
that  the  use  of  iron  for  constructive  purposes  has  scarcely  had  a  fair  trial  in  England. 
It  yet  remains  to  be  seen  how  this  valuable  material  can  be  honestly  adapted  to 
purposes  of  architecture  beyond  those  to  which  it  is  at  present  applied. 
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is  its  tendency  to  oxidise,  or  ^ust.    Rust  is  proc  y  .ented, 

oxygen  in  the  air  and  moisture  .vi  Ix  the  ^  ,^i,Uses  less 

wUl  gradually  destroy  the  entire  substance  of  the  metal. 

rapidly  than  wrought  iron.  surface  of  the  metal 

^a'orcte  to  prevent  oxidat  on,  >t  ^l^^^  t^  ol  the 

in  so  complete  a  manner  that      J^''''  *f  ^'j^  d^^^  before  the  air 

l-tl It  of  paint  or  other  covering  snhstance  before  „ 
Galvanising  has  been  mentioned  above.     ihe  process  comi!^  o 
theton  hy  steeping      for  -ehon.  in ^ water  c_g  i  on^t  tn 


witr's^ndT  washing,  and  placing  it  in  clean  water.     The  iron 


Lmersed™  cUo,*  of  zinc  as  a  Lx,  and  then  plunged  into  molten  .ne 
the  snrflce  of  which  is  protected  by  sal-ammoniac.    As  there  >s  always  the  liabJity 
S  tle  Sc  coating  becoming  damaged  or  worn  off,  this  process  can  hardly  be 

reo'arded  as  entirely  satisfactory.  . 

"  Paintin.  is,  if  properly  applied,  a  tolerably  efficient  protection.     Cast  iron 
should  be  ;ain;ed  /mmediately  it  leaves  the  mould,  before  the  air  has  time  to 
act  upon  it.     By  tliis  means  the  hard  skiir  formed  on  the  surface  c  urmg  the 
™  of  casting'is  preserved  intact.    Wrought  iron,  on  the  other  ha..d  when  x 
Cves  the  rollers,  has  a  hard  skiia  of  oxide,  which  needs  to  be  removed  before  the 
paint  is  applied.     The  most  efficient  process  for  effectiiag  tins  is  to  dip  the  ii^n 
I  dilute  acil,  by  which  means  the  scale  is  removed.    This  is,  however,  a  cost  y 
process,  and  seldom  employed  in  practice.    The  use  of  ordinary  lead  paints  would 
seem  to  be  objectionable,  on  account  of  the  galvanic  action  said  to  be  set  up 
between  the  ii-on  and  lead.     Mr.  Matheson*  recommends  for  ordinary  ironwork 
oxide  of  iron  paints,  and  for  the  inside  of  pipes  bituminous  pamts. 

A  process  invented  by  Mr.  Barff  seems  likely  to  prove  successful  m  preventing 
oxidation.    The  iron,  after  being  carefully  cleaned,  is  exposed  in  a  chamber  kept  at 
a  hi-h  temperature  to  the  action  of  super-heated  or  "  dry  "  steam.    The  steam  being 
decomposed  by  the  heat,  its  oxygen  deposits  on  the  surflice  of  the  iron  a  black 
or  ma'^notic  oxide,  which  is  quite  impervious  to  atmospheric  action,  and  effectually 
protects  the  surface  from  oxidation.     The  power  of  resistance  to  injury  which 
this  oxide  possesses  depends  upon  the  degree  of  heat  at  which  the  operation  is 
performed  and  the  length  of  time  it  occupies.     Thus,  if  the  operation  be  per- 
formed at  a  temperature  of  500°  Fahr.,  and  for  five  hours,  the  coating  will  resist 
emery-paper  for  some  considerable  time.     If  the  temperature  be  raised  to  1,200° 
Fahr.,  and  the  operation  be  continued  for  seven  hours,  the  oxidised  surface  vdll 
resist  the  action  of  a  rasp,  and,  moreover,  will  not  oxidise  under  a^ny  amount 
of  exposure.    An  additional  fact  of  value  is  that  if,  by  any  chance,  a  hole  be 
left  in  the  surface,  the  iron  will  rust  in  the  ordinary  manner,  but  the  rust  will  not 
make  its  way  under  the  surface  of  the  magnetic  oxide. 

Dr.  Angus  Smith's  process  for  the  protection  of  iron  pipes  consists  of  immersing 
the  iron,  lieatcid  to  700"  Fahr.  in  a  mixture  of  coal-tar,  pitch,  and  linseed  oil,  heated 
to  300"  Fahr.     The  pipes  are  left  in  the  mixture  until  they  are  reduced  to  the 

*  "Works  in  Iron." 
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pXr"  "'^^^'^^^  to  -1  in  a  vertical 

Phcmhing.-We  now  come  to  that  branch  of  the  building  trade  whicli  causes 
more  trouble  and  grief  to  the  British  householder  than,  probably  a^^  the  otl  e 

a  house  bu.  t  by  a  speculatxng  builder  knows-the  miseries  attendant  on  a  burst  pip" 
or  a  ball-valve  out  of  order.  The  plumber  is  sent  for.  and  spends  more  or  less  of  his 
va luab  e  "  t.me  and  materials  "-generally  more-at  the  householder's  expense,  and 
wTenl     b     f  T    •  ^^"^'^  i^,l^o^...r,  not  the  householder, 

on  the?  .  '  .     't^'  "^"^"^^1^  b^-^-k^        -  -  fresh  plac^ 

on  the  first  opportunity.    It  certainly  is  not  too  much  to  say  that  ninety  per  cent. 

of  the  failures  of  the  plumbing-work  in  ordinary  houses  of  the  villa  and  smaller 

classes  result  entirely  from  bad,  ignorant,  or  dishonest  workmanship.    Thin  pipes 

bad  joints,  and  improper  materials  are  at  the  root  of  the  evil  ' 

The  distribution  of  water  about  a  house  is  a  matter  that  ought  to  have  more 
attention  given  to  it  than  is  usually  the  case.  The  arrangement  of  the  various 
pipes  from  the  point  where  they  leave  the  main  supply-pipe  to  the  general- 
service  dstern,  and  thence  to  the  different  parts  of  the  house,  is  generally  left 
to  the  intelligence  of  the  journeyman  plumber,  who  exercises  his  own  ingenuity 
in  fixing  them,  often  in  inaccessible  places,  and  where  they  cannot  fail  to  be 
affected  by  frost,  to  the  serious  inconvenience  of  the  household.  All  pipes  should 
be  fixed  in  such  positions  that  they  are  easily  accessible  without  unnecessarily 
disturbing  the  walls  and  floors.  It  is  important  that  the  supply-pipe  from  the  main 
m  the  street  should  be  so  placed  as  to  be  safe  against  the  severest  frost  likely  to 
occur.  For  this  purjwse  it  should  ordinarily  be  buried  not  less  in  any  part  than 
from  two  to  three  feet  beneatli  the  surface  of  the  ground,  and  in  its  course  through 
the  portion  of  the  house  to  the  cistern  it  should  be  carried  along  the  walls :  It 
should  not  be  sunk  in  the  walls  or  the  plaster,  as  is  frequently  done  with  all 
pipes,  to  put  them  out  of  sight.  The  object  of  this  is  that  the  pipe  may  be  more 
easily  encased  with  felt  or  other  non-conducting  material,  to  protect  it  from  frost. 

The  service-pipes  from  the  cistern  should  be  so  arranged  that  by  means  of  a 
stop-cock  immediately  under  the  cistern,  or  as  near  thereto  as  possible,  the  water 
may  be  shut  oflf  from  the  pipes,  and  they  may  be  emptied  whenever  necessary, 
eitlier  for  repairs  or  on  the  approach  of  frost.  This  is  a  most  useful  arrangement, 
and  one  that  ought  not  in  any  case  to  be  omitted.  It  is  necessary  to  observe, 
moreover,  that  in  fixing  the  pipes,  eveiy  pipe  should  be  so  arranged  as  to  allow 
it  to  empty  itself  completely  when  the  supply  has  been  shut  ofi"  at  the  cistern 
by  means  of  the  stop-cock  above  referred  to,  and  when  the  tap  at  the  outlet  has  been 
opened.  Water  -pipes,  as  a  rule,  should  not  be  fixed  in  positions  where  they  are 
specially  liable  to  draughts  of  cold  air ;  hence  they  should  not  be  placed  immediately 
beneath  a  window,  because  in  cold  weather  the  current  of  cold  air  passing  do^vn- 
wards  from,  the  window,  even  though  the  window  be  closed,  is  very  liable  under 
certain  conditions  to  cause  the  water  in  the  pipes  to  freeze. 

Pipes  for  conveying  water  from  the  main  supply-pipes  in  the  roads  are,  in 
London,  almost  invariably  of  lead.  The  bye-laws  of  the  metropolitan  water 
companies  compel  the  use  of  lead  pipes  when  fixed  under  ground. 

The  following  table,  extracted  from  Mr.  S.  S.  Hellyer's  "The  Plumber  and 
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Sanitary  Houses."  gives  the  weights  per  yard  of  the  kind  of  lead  pipes  which  ought 
to  be  used  for  water-service  in  houses  :— 


Diameter. 

i  ia. 

i  in. 

[lin. 

U  in. 

liin. 

2  in. 

6  lbs. 

9  lbs. 

12  lbs. 

16  lbs. 

21  lbs. 

28  lbs. 

rig.  68. 


The  size  of  the  main  service-pipe  from  the  water  company's  main  is  usually  fixed 
by  the  company.    It  must,  however,  vary  with  circumstances,  such  as  distance, 
amount  of  storage,  size  of  house,  &c.    Between  the  main  and  the  fii-st  branch 
pipe  a  stop-cock  should  be  fixed,  so  that  in  case  of  accident  the  water  may  be  turned 
off  entirely.     Aiiother   stop-cock  or  valve  is  required  by  the  London  water 
companies  to  be  fixed  outside  the  house,  for  the  use  of  their 
officers  only.    It  is  also  advisable  in  cases  where  there  are 
several  cisterns,  and  more  especially  where  there  is  a  constant 
service,  to  have  a  stop-cock  fixed  in  connection  with  each^  ball- 
valve,  so  that  the  water  can  be  turned  off  from  any  one  cistern 
without  interfering  with  the  others.    In  case  of  a  cistern  re- 
quiring to  be  cleansed,  this  arrangement  will  be  found  of 
service.     Joints  in  lead  water-pipes  should  always  be  of  the 
form  known  as  a  \viped  joint  (Fig.  68).    This  joint  is  formed 
by  inserting  the  end  of  one  pipe,  the  edge  of  which  has  been 
previously  rasped  down,  about  ^  to  f  of  an  inch  into  the 
other.     The  joint  is  then  covered  with  molten  solder  until  a  sufficient  thickness 
is  obtained,  when  it  is  wiped  round  with  a  special  kind  of  cloth.     This  kind  of 
joint  is  the  most  dui-able  for  ordinary  purposes  of  plumbing;  for  pipes  for  conveying 
water  it  is,  indeed,  the  only  one  permissible  under  most  water  companies'  regulations. 

For  the  sake  of  warning  the  reader  what  to  avoid,  an  illustration  is  here  given 
of  a  blown  joint  (Fig.  69).  This  joint  is  made  by  blowing  the  flame  from  a  bundle 
of  lighted  rushes  on  to  the  pipe  to  be  jointed,  and  applying  to 
the  heated  part  the  end  of  a  stick  of  solder.  It  is  not  strong 
enough  to  stand  any  great  pressure  of  water,  and  for  this  reason 
should  not  be  permitted  in  domestic  plumbing. 

In  all  joints  in  soU,  waste,  or  water  pipes,  care  should 
be  taken  that  the  innermost  pipe  enters  the  outer  pipe 
in  the  direction  of  the  current,  otherwise  the  ledge 
wliich  must  necessarily  be  formed  will  become  a  harbour 
for  any  dirt  or  foreign  matter  that  may  chance  to  be  in  the 
water. 

In  cottages,  artisans'  dwellings,  and  in  any  situations  where 
lead  pipes  would  be  liable  to  be  injured,  or  stolen  for  the  sake  of  the  metal,  gal- 
vanised iron  pipes  should  be  used. 

The  flow  of  water  into  a  cistern  is  regulated  by  an  apparatus  called  a  ball- 
valve.  The  principle  of  the  ball- valve  is  this  : — A  hollow  ball,  which  ought  to  be, 
and  usually  is,  made  of  copper,  woi-ks  on  the  end  of  a  lever.  This  lever  is  attached 
to  a  valve  fixed  on  to  the  open  end  of  the- supply-pipe  in  such  a  manner  that  when 
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the  vater  reaches  a  certain  level  m  the  cistern,  the  ball,  floating  on  the  surface 
of  the  water,  closes  the  valve  by  means  of  the  lever  arm.  As  the  surface  of  the 
water  descends  by  the  water  being  drawn  off,  the  ball  descends  with  it,  and  gradu- 
ally re-opens  the  valve.  It  is  a  point  of  the 
greatest  importance,  both  for  the  ^yater  com- 
panies and  the  consumer,  to  insist  upon  the  ball- 
valves  being  of  the  best  and  strongest  description. 
It  was  calculated  lately,  and  probably  on  good 
foundation,  that  in  one  street  alone  in  a  pro- 
vincial town,  which  provides  its  own  water- 
supply,  over  2,000  gallons  of  water  a  day  are 
wasted,  solely  by  the  inefficient  ball-valves  and 
other  fittings.  In  order  to  see  that  the  ball- 
valves  are  acting  properly,  it  is  well  to  have  a 
contrivance  of  some  such  kind  as  this  (Fig.  70)  :— a  is  the  baU,  b  the  water,  c  a 
hollow  float  of  zinc  attached  to  a  chain  or  cord  and  balance-weight.  The  cord, 
running  over  pulleys,  raises  or  lowers  the  balance-weight  with  the  rise  and  fall  of 
water  in  the  cistern.  It  is  also  useful  as  an  index  to  show  the  amount  of  water 
in  the  cistern. 

Taps  for  drawing  water  for  use  ai^e  made  either  in  brass  or  gun-metal.  They 
are  of  three  kinds,  known  respectively  as  "plug,"  "spring,"  and  "screw-down." 
The  plug  tap  is  the  ordinary  old-fashioned  tap,  in  which  the  water  is  turned 
off  or  on  by  means  of  a  plug  ynth.  a  handle.  It  is  objectionable  for  two  reasons  : 
first,  because  the  act  of  closing  the  tap  forces  back  the  column  of  water  with  so 
sudden  a  concussion  that  the  pipe  is  weakened,  and  eventually  not  unfrequently 
bursts;  secondly,  the  construction  of  the  tap  is  such  that  repairs  are  costly,  and 
must  be  executed  by  skilled  workmen.  These  taps  are  prohibited  by  the  Kegula- 
tions  made  under  the  "Metropolis  Water  Act,  1871,"  by  the  Board  of  Trade. 

Spring  taps  have  one  advantage  only  over  pkig  taps — that  of  preventing  the 
possibility  of  waste  by  leaving  the  tap  open.  They  are,  however,  equally  objection- 
able, as  causing  a  sudden  concussion  in  the  pipe.  This  kind  of  tap  is  also  prohibited 
by  the  regulations  before  mentioned. 

Screw-down  taps  have  the  advantage  of  stopping  the  water  gradually  without 
any  concussion.  It  would  appear  also  that,  notwithstanding  the  tendency  not 
to  shut  these  taps  off  completely,  there  is  actually  less  waste  involved  in  their 
use  than  with  either  of  the  other  kinds.  Hence  this  description  of  tap  is  the 
one  specified  as  permissible  in  the  "Regulations."  Another  advantage  possessed 
by  this  tap  is  that  it  is  easily  repaired,  and  that  frequently  without  the'  necessity 
for  employing  skilled  labour. 

Taps  for  supplying  hot  and  cold  water  to  baths  should  always  discharge 
over  the  highest  level  of  the  water  in  the  bath ;  the  old-fashioned  three-way 
cocks,  by  which  the  same  orifice  in  the  bottom  of  the  bath  did  duty  for  both 
Bupplies  and  waste,  being  most  objectionable. 

The  London  water  companies  usually  require  that  all  taps  shall  be  of  the 
"  screw-down  "  kind.  These  taps  have  the  advantage  of  not  shutting  off  the  water 
with  a  sudden  jar,  as  is  done  by  the  ordinary  bib-cock. 

13ath  tnp5  can  bo  made  in  the  same  way,  and  are  greatly  to  be  pivfeiTcd  to 


1  H'l 

PRECAUTIONS  AGAINST  OVERFLOW.    ^^'^ 

the  Old  and  expensive  taps  wHch  work  with  a  long  rod  from  the  upper  edge  of  the 
lath  to  the  pipe  beneatL  Bath  taps  may  with  advantage,  m  houses  where  a 
ho  emai^^'s  closet  of  sufficient  size  cannot  be  arranged,  be  made  to  discharge  far 
en rrover  the  edge  of  the  bath  to  allow  cans  and  jugs  to  be  fi  led  from  them 
ITnd  of  tap  is  also^made  which  requires  to  be  held  open,  or  xt  shuts  itself  with 
a  For  flushing  out  slop-shaks  a  screw-down  valve  should  be  used,  and 

arrangedin  such  a  manner  that  the  water  takes  a  spiral  direction  in  the  basm.  For 
lavatory  basins  there  are  nothing  better  than  the  valves  with  pull-up  action.  They 
are  self-closing,  and  can  be  fitted  up  with  any  degree  of  taste  and  ornament.  Ivory, 
ebony,  and  plated  mountings  are  all  appropriate.  .     ,    ,  ,        ^  i 

As  a  rule,  as  already  stated,  all  water-closets  and  baths  require  lead  trays  to  be 
formed  underneath,  to  intercept  and  carry  off  the  drippings  and  overflowings  certain 
to  occur  sometimes.  This  tray,  or  "  safe,"  as  it  is  called,  should  be  cut  out  of  one 
piece  of  lead,  weighing  five  or  six  pounds  to  the  superficial  foot,  turned  up  four 
Lches  all  round,  and  soldered  at  each  angle.  A  short  piece  of  waste-pipe  discharging 
in  the  open  air  is  fixed  at  one  end  of  the  safe,  which  must  have  a  slight  fall 
to  the  pipe.  Mr.  Hellyer  recommends  that  all  slate  and  iron  cisterns  should  have 
safes  also.  In  practice  this  is  very  seldom  done,  but  it  is  a  precaution  which 
ought  always  to  be  taken,  as  the  condensation  on  the  under  surface,  especially 
of 'iron  cisterns,  is  often  very  considerable— quite  enough,  indeed,  at  times  to  spoil 
a  ceiling,  if  there  happen  to  be  one  underneath. 
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CHAPTEE  XIIL 

FITTINGS.— BATHS,  SINKS,  AND  WATER-CLOSETS. 

i  I  us-  ana  oare  ot  Closets— Flushing  Arrangements— Siiilcs. 
Upon  the  quality  and  arrangement  of  these  fittings  will  depend  so  much  of 
housT""""        "  ^^^^^^^^^  i«  indispensable  Tevery 

of  itbou?'' f  1  """^^  T''^^  contrivance  by  which  even  a  smaU  amount 

of  labour  may  be  saved,  or  which  may  afford  some  special  satisfaction  to  the 
intending  occupier,  will  invariably  be  selected  sooner  than  a  similar  house  ^vithout 
such  contrivance.  This  may  mean  avoiding  the  loss  of  a  quarter's  rent,  or  the 
retention  of  a  tenant  for  an  indefinite  time  who  would  other^vise  leave  the  house 
on  the  hindlords  hands;  and  in  this,  if  in  no  other  way,  the  careful  arrangement 
ot  the  internal  fittings  of  every  house  must  be  regarded  as  likely  to  fully  iustify 
any  extra  outlay  they  may  involve.  Hence  it  is  necessary  to  consider  the  fittings 
and  fixtures  of  a  house,  to  their  smallest  detail,  with  the  utmost  attention.  ° 
The  object  of  most  fittings  and  fixtures  is  to  increase  convenience  and  comfort, 
to  diminish  labour,  and  to  promote  cleanliness  and  tidiness.  Thus  we  have 
baths,  lavatories,  indoor  Avater-closets,  sinks  of  various  descriptions,  and  hot  and 
cold  water  supply  on  upper  floors,  cupboards  and  closets  for  clothing,  linen,  and 
general  stores,  various  arrangements  for  preparing  food  and  keeping  and  cleansing 
the  appliances  used  at  meals.  Then  there  are  the  bells,  speaking-tubes,  and 
telephones,  or  otlier  means  of  communication  with  the  inner  and  outer  world, 
serving-hatches,  lifts,  coal-stores  upstairs,  soiled  linen  places,  &c. 

The  habit  of  bathing  is  of  very  ancient  date.  In  the  East,  bathing  and 
ablution  have  formed  part  of  the  religion  for  many  centuries.  In  ancient  Rome, 
where,  unlike  modern  London,  water  of  excellent  quality  was  available  for  every- 
body in  unlimited  quantities,  the  use  of  the  bath  was  very  general.  Both  private 
and  public  baths  were  numerous,  and  the  latter,  as  can  be  seen  from  their  ruins, 
were  of  great  extent  and  magnificence,  comprising  buildings  of  the  grandest 
proportions,  containing  colonnades,  and  halls  of  various  sizes,  adorned  with  the 
finest  paintings  and  sculptures.  The  habit  of  bathing,  common  among  the  Romans, 
was  imported  by  them  into  this  country;  for  numerous  remains  of  Roman  baths 
have  been  discovered  in  various  parts  of  England.  The  grandeur  and  extent 
of  the  baths  of  Rome  was  undoubtedly  due  to  the  extraordinary  quantity  of  water 
with  which  the  city  was  supplied  by  means  of  aqueducts;  and  Avhen  our  own 
metropolis  and  large  provincial  towns  receive  the  bountiful  supplies  of  water 
which  some  of  them  have  been  contemplating,  it  is  to  be  hoped  the  use  of  the 
bath,  which  has  already  greatly  increased  during  the  last  thirty  or  forty  years, 
will  become  still  more  general  througliout  the  country. 

Baths  such  as  are  ordinarily  fixed  in  private  houses  are  made  of  copper,  cast- 
iron,  tinned  iron,  zinc,  slate,  glazed  fire-cliiy,  or  porcelain,  and,  witliin  a  recent 
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period  concrete.  Baths  are  also  sometimes  formed  of  brickwork,  and  lined  with 
tiles  or  glazed  bricks,  but,  owing  to  the  number  of  joints,  these  are  not  very 
satisfactory  The  metal  baths  are  usually,  though  not  invariably,  painted  or 
enamelled  in  imitation  of  marble,  but  this  covering  material  is  very  liable  to 
damage  and  come  off.  With  cast-iron  this  is  specially  likely,  partly  owing  to 
the  metal  being  less  elastic  than  copper  and  zinc,  and  partly  owing  to  the  tact 
that  iron  is  so  readily  oxidised  when  in  contact  with  moisture.  Iron  baths  are 
comparatively  inexpensive,  but  they  change  colour  after  a  time,  and  do  not  look 
as  clean  and  nice  as  is  usually  desired.  Zinc  baths  are  also  inexpensive,  but 
they  are  not  so  durable  as  copper  baths,  and  unless  they  are  specially  supported 
underneath  with  proper  wooden  framework,  they  are  apt  to  get  out  of  shape 
with  constant  use,  and  they  then  fail  to  let  all  the  water  run  out.  Copper  baths 
are  the  most  costly  and  durable  of  metal  baths,  and,  on  the  whole,  are  perhaps 
the  best  for  ordinary  private  use. 

Slate  baths  are  generally  enamelled  in  imitation  of  marble,  but  the  enamol 
is  Uable  to  damage,  and  when  chipped  off  gives  an  untidy  appearance  to  the 
batL  Slate  baths,  when  not  enamelled,  have  the  disadvantage,  owing  to  their 
dark  colour,  that  it  is  difficult  to  see  when  they  are  thoroughly  clean.  Slate  baths, 
moreover,  have  to  be  put  together  in  slabs,  and  unless  the  work  is  exceptionally 
well  done,  they  are  liable  to  leak  at  the  joints.  From  the  same  cause,  moreover, 
they  have  square  angles  and  corners,  which  it  is  difficult  to  keep  permanently 
clean. 

Glazed  fire-clay  baths,  on  the  other  hand,  being  formed  all  in  one  piece, 
have  carefully  rounded  angles  and  corners,  in  which  dii-t  cannot  well  accumulate. 
The  substance  of  fire-clay  baths  is  veiy  durable,  and  the  glaze  is  not  easily 
damaged ;  while  the  colour — a  white  or  pale  cream — allows  any  dirt  to  be  at 
once  detected.  These  are  all  considerable  advantages,  and  entitle  this  kind  of 
bath,  which  is  said  to  have  originated  at  the  suggestion  of  the  late  Prince  Consort, 
to  the  large  share  of  praise  usually  accorded  to  it.  Its  disadvantages  are  its 
weight  and  cumbersomeness,  and  its  power  of  absorbing  heat  from  the  hot  water 
put  into  it.  These  baths  are  also  rather  costly,  owing  partly  to  the  length  of 
time  and  great  heat  necessary  in  baking  them,  and  partly  to  the  large  proportion 
that  are  damaged  in  the  process  of  baking.  If,  however,  one  is  selected  with 
a  slight  blemish  in  the  upper  part,  where  it  would  not  in  the  least  be  prejudicial 
to  the  use  of  the  bath,  a  considerable  reduction  in  the  price  is  usually  made. 

Concrete  baths  are  of  quite  recent  origin.  They  are  cast  all  in  one  piece, 
and  possess  some  of  the  advantages  of  fire-clay  baths,  and  are  cheaper.  They 
are,  however,  heavy  and  cumbersome.  An  advantage  possessed  by  concrete  as 
a  material  for  baths  is  that  it  is  not  affected  by  the  use  of  sulphur  and  other 
chemical  preparations  used  in  medicinal  bathing.  This  fact  is  not  without  import- 
ance, though  it  is  one  that  does  not  apply  to  the  majority  of  baths. 

In  these  days,  when  baths  are  held  in  such  estimation  as  necessary  for  health 
and  vigour,  when  bath-rooms  are  attached  to  every  suite  of  rooms  in  the  better  houses 
and  hotels,  and  when  every  new  house  of  forty-five  or  fifty  pounds'  rental  value 
is  considered  incomplete  without  its  bath-room,  it  is  of  advantage  if  the  ordinary 
bath  can  be  supplemented  by  a  shower-bath.  This  may  be  effected  with  very 
little  difficulty,  and  affords  a  most  invigorating  adjunct;  in  fact,  no  bath-room 
13 
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should  be  considered  complete  without  a  shower-bath,  for,  although  the  latter 
may  be  but  little  used  in  winter,  it  produces  a  most  refreshing  sensation  when 
used  in  summer. 

It  may  be  expected  that  before  many  years  have  elapsed  it  will  be  deemed 
an  essential  in  every  bath-room  in  the  houses  of  our  principal  inland  towns,  no 
less  than  in  those  near  the  coast,  that,  besides  hot  and  cold  water,  a  third 'tap 
should  be  furnished  for  the  supply  of  sea-water;  for  already  sea-water  is  daily 
brought  to  London  by  railway  from  the  east  coast,  and  projects  are  on  foot 
for  a  systematic  supply  to  the  metropolis  by  pipes  from  the  south  coast.  In 
some  sea-side  towns  arrangements  already  exist  by  which  sea-water  is  can-ied  in 
mains  to  various  parts  of  the  tomi,  for  use  in  watering  the  roads,  and  it  would 
not  be  difficult  to  lay  on  this  water  to  the  houses  iu  the  neighbourhood. 

"Wherever  a  bath  is  fixed,  it  is  usual  to  cover  the  floor  beneath  it  with  sheet 
lead,  turned  up  an  inch  or  two  all  round,  so  as  to  form  what  is  called  a  safe, 
in  order  to  prevent  damage  to  the  ceilings  immediately  below  in  the  event  of 
the  bath  overflowing  from  any  cause.  The  safe  is,  of  course,  provided  with  a 
suitable  waste-pipe. 

Where  portable  baths  of  various  sorts  ai-e  in  use,  such  as  sponge-baths,  hip-baths, 
<fec.,  it  is  convenient  to  provide  a  safe  about  eighteen  or  twenty  inches  deep, 
when  it  forms  an  excellent  place  in  which  to  use  a  shower  or  sponge-bath;  or, 
indeed,  where  water  is  plentiful,  to  use  this  deep  safe  itself  as  a  sort  of  miniature 
swimming-bath  for  children. 

Whatever  kind  of  bath  is  adopted  for  a  house,  it  is  important  to  have  means  of 
rapidly  emptying  and  charging  it.  This  is  a  point  often  neglected  by  builders, 
the  result  being  that  where,  as  is  more  often  the  case,  there  is  but  one  bath 
in  a  house,  the  delay  of  preparing  it  for  use  immediately  after  a  person  has  bathed 
in  it  frequently  leads  to  its  use  by  a  second  or  a  third  person  being  dispensed 
with.  The  waste-pipes  should  be  not  less  than  two  inches  diameter,  and  the 
supply  and  overflow  pipes  proportionatelj'-  large.  The  holes  in  the  grating  at 
the  outlet  of  the  bath,  as  well  as  the  water-way  through  the  waste-valve,  should  of 
course  be  arranged  so  as,  in  the  aggregate,  to  allow  a  free  passage  equal  to  the 
sectional  area  of  the  waste-pipe. 

For  the  supply  of  water  to  a  bath  it  is  not  uncommon  to  find  an  arrangement 
under  which,  by  a  system  of  valves,  both  the  hot  and  the  cold  water  enters  the 
bath  at  the  same  orifice  as  the  discharge  or  waste  pipe.  This  is  a  plan  which 
can  scarcely  be  too  strongly  condemned.  The  outlet  from  a  bath  will  always 
have  a  certain  amount  of  soapy  and  other  matters  clinging  to  its  sides  after  the 
bath  has  been  used  ;  and  when  the  bath  is  refilled  through  the  same  channel,  this 
will  be  carried  back  into  the  bath,  thereby  contaminating  the  water.  The  clean 
water  should  always  be  admitted  to  a  bath  at  a  point  above  the  ordinary  level 
of  the  water  in  the  bath.  For  baths  used  by  young  children  and  in  schools  it  is 
advisable  that  the  hot-water  tap  should  have  a  movable  handle  or  "  spanner,"  to  be 
kept,  when  not  in  use,  out  of  reach  of  the  children,  in  order  to  avoid  the  possibility 
of  the  children  improperly  turning  on  the  hot  water  and  scalding  themselves. 

It  is  usual  to  case  in  the  bath  with  framed  and  panelled  woodwork ;  but  this 
would  be  better  omitted,  in  order  that  the  space  under  and  around  tlic  batli  may 
be  visible  and  easily  kept  clean.     Baths  arc  now  veiy  commonly  made  with 
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the  necessity  of  casing.  ,  basins  with  water  laid  on 

I.vatori.sintheo.dinavy  ~  t:S:;L^^le  than  baths, 

to  them  and  waste-ppos  from  them.     i  iey  ""'^   "         .  '  the  purpose, 

because  an  ordinary  wash-hand  stand  w,th  ''-^l^^^J''^,^\^Zlr  as  well  as 
F^ed  lavatories,  however,  especn^lly  -/^^ty  tod  i^  positions  where  a. 

i:;  -irand'inl  l..^ 

w.,te-p>pe  act^ny  m  *    deepu,  „d  properly  arranged, 

TuU  tol  thTLa^;  net^  in.s.nnoh  as  there  is  a  considerable  savrng  o 
Tomestic  rtonr  in  supplying  clean  "Bd  removing  dirtpa^r,  and  whe^^^^ 
can  be  done  even  in  a  small  degree,  it  is  obviously  of  much  advantage,  wneie 
Zre  m"objection  to  £xel  lavatories  in  the  habitable  rooms  of  a  hons^^^ 
is  nevertheless  useful  to  provide  them  in  some  position  common  to  all  in  the 
house  so  that  by  their  use  at  odd  times  during  the  day,  the  becWooms  may  be 
keot  tidy  and  thus  save  some  labour  upstairs.  This  is  one  reason  why  in  most 
Xs  amprtvatory  accommodation  is  provided  on  the  ground  ^oor  thus  avoidnig 
the  necessity  tor  visitors  resorting  to  their  bed-rooms  as  often   as  they  would 

otherwise  have  to  do.  .  ^„.„fi,or. 

Lavatory  basins,  like  baths,  are  made  of  various  materials-iron,  tm,  eaithen 
ware  &c  -but  the  best  are  of  stoneware.  They  are  sometimes  made  m  one  piece, 
combining  the  basin,  the  lavatory  top  with  its  soap  and  brush  trays  &c.,  or  they 
are  fixed  in  a  slab  of  marble  or  slate  with  ordinary  supply  taps  and  waste-pipes. 
Many  improved  lavatory  basins  and  fittings  have  in  recent  years  been  introduced, 
among  others  the  "tip-up"  basin,  in  which  the  basin  is  hung  on  pivots  at  the 
sides  over  a  fumiel-shaped  receptacle  which  receives  the  waste  water  yl^en  the 
basin  is  emptied  by  tipping  it  up,  and  carries  it  away  to  the  proper  outlet,  ihe 
way  in  which  the  details  of  this  apparatus  are  contrived  is  most  ingenious,  but 
the  apparatus  has  the  disadvantage  of  presenting  a  large  surface  beneath  the 
basin  which  is  apt  to  become  foul  and  offensive  if  not  frequently  cleansed. 

Various  contrivances  have  been  devised  in  order  to  obviate  the  objection  that 
arises  from  the  deposit  of  soap  and  dirt  on  the  sides  of  a  wash-hand  basin  when 
the  water  is  being  discharged  from  it  after  use.     One  method  that  is  attended 
with  a  certain  amount  of  success  is  to  introduce  the  clean  water  at  holes  all 
round  the  top,  but  perhaps  the  most  important  point  in  this  respect  is  to  secure 
rapidity  of  emptying  the  basin  by  making  the  outlet  of  ample  size.     Any  plan 
by  which  the  basin  is  charged  and  emptied  through  the  same  orifice  is  more  or 
less  unsatisfactory.    A  plan  is  adopted  in  some  schools  by  which  each  child  washes 
at  a  small  jet  of  running  water  which  issues  from  a  nozzle  in  a  continuous  pipe, 
and  falls  into  a  trough  or  channel  on  the  floor,  iu  order   to   preclude  the 
possibility  of  any  child  using  water  that  may  be  at  all  contaminated,  either  by 
previous  use  or  by  contact  with  an  imperfectly-rinsed  basin,  thereby  afi"ording  the 
means  of  communicating  certain  diseases.    In  this  way  the  head  and  the  upper 
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pai't  of  the  body  of  every  child  is  eflfectually  washed.  The  system  has  been  in 
use  for  many  years  at  the  Royal  Military  Asylum  at  Chelsea,  and  likewise  at 
many  of  the  Poor  Law  Schools. 

The  question  of  the  kind  of  water-closet  apparatus  that  should  be  adopted 
is  one  that  exercises  the  mind  of  most  persons  concerned  in  the  fitting  up  of  a 
house.  Indeed,  it  is  a  question  that  calls  for  most  careful  consideration  by 
every  householder  and  person  intending  to  take  a  house ;  for  even  if  the  drains 
are  perfect,  the  soil-pipe  eflfectually  ventilated,  and  the  closet  itself  well  arranged, 
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it  is  possible  to  have  a  water-closet  apparatus  that  will  itself  comprise  aU  that  is 
necessary  to  produce  the  most  offensive  smells  and  the  most  unwholesome  air. 

The  kind  of  closet  for  indoor  use  that  is  most  open  to  objection  is  one  that  is 
at  present  more  commonly  met  with  than  any  other.  But  it  is  to  be  hoped  that 
before  long  the  public  will  learn  to  insist  upon  some  other  and  better  kind  of 
apparatus  being  substituted  f'^r  i^  The  apparatus  referred  to  may  be  seen 
illustrated  in  the  advertisements'  of  many  newspapers  connected  with  building; 
it  is  frequently  exhibited  in  tho  shop  window  of  the  ordinary  "plumber,  painter, 
and  glazier ; "  and  it  is  introduced  by  the  ordinary  builder  in  the  water-closet  of 
almost  every  new  house.  This  apparatus,  which  is  indicated  in  the  annexed 
diagram  (Fig.  71),  comprises  in  its  complete  form  three  important  jjarts— namely, 
the  earthenware  basin,  the  iron  "  container,"  and  the  lead  D  trap  (Fig.  72).  The 
"  container"  is  the  iron  box  in  the  top  of  wliich  the  basin  itself  is  fixed,  and  holds 
the  metal  pan  which  forms  the  trap  immediately  at  the  bottom  of  the  basin.  This 
closet  derives  its  name  of  "pan  closet"  from  this  metal  pan,  which  receives  tlie 
discharge  from  the  basin,  and  passes  it  on  to  what  is  known  as  the  D  trap.  This 
trap,  as  its  name  implies,  is  somewhat  in  the  form  of  the  letter  D.    It  is  placed 
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Fig.  73.— Section  of  an  old  D  trap. 


Avith  tlie  straight  side  uppermost,  and  receives  a  pipe  therein  from  the  container, 
^vhich  pipe  descends  to  near  the  bottom  of  the  trap,  so  as  to  discharge  below  the 
level  of  the  water  in  the  trap.  The  outlet  from  the  D  trap  is  by  a  pipe  passing 
ont  near  the  top,  and  is  connected  directly  with  the  soil-pipe. 

This  kind  of  apparatus  possesses  the  cardinal  objection  that  it  comprises  two 
consecutive  traps,  ordinarily  without  any  intermediate  ventilator,  and  thus  the  lower 
one,  or  D  trap,  acts  upon  the  upper  one  (the  pan)  each  time  the  closet  is  used, 
and  this  accounts  for  the  regurgitating 
noise  so  often  heard  immediately  after 
the  basin  in  the  closet  is  emptied.  It 
is,  however,  the  container  and  D  trap 
themselves  which  make  this  particular 
apparatus  chiefly  objectionable.  The 
interior  of  these  appliances  becomes 
coated  with  a  most  filthy  slime — the 
natural  deposit  of  the  matters  that  are 
passed  throiigh  them  and  that  are  often 
retained  for  hours  in  them — and  it  is 
this  deposit  which  emits  the  offensive 
and  unwholesome  smell  so  frequently 
met  with  when  the  handle  is  pulled  up 
for  the  basin  to  be  emptied  after  use. 
The  annexed  illustration  (Fig.  73)  will 

afford  some  idea  of  the  condition  of  the  interior  of  an  ordinary  D  trap  after  it 
has  been  in  use  some  months.  This  arises  fi'om  the  amount  of  surface  upon  which 
deposits  can  take  place,  and  which,  not  being  exposed  to  the  full  force  of  the 
flush,  rapidly  accumulate  and  putrefy.  Such  deposits,  moreover,  are  encouraged 
by  the  use  of  iron,  of  which  the  container  is  almost  invariably  made. 

In  the  selection  of  a  water-closet  apparatus,  the  chief  points  to  be  looked  for 
are — 

(1)  A  basin  of  suitable  shape  to  hold  a  sufficient  quantity  of  water,  and  of  a 
size  which  shall  ensure  the  perfect  and  constant  cleanliness  of  the  basin's  sides. 

(2)  The  basin  should  be  of  glazed  stoneware,  and  it  may  be  observed  that  a 
plain  white  basin  is  infinitely  better  than  one  with  a  quantity  of  printed  ornament 
or  advertisements  upon  it,  which  prevent  any  dirt  on  its  inner  surface  from  being 
readily  detected.  Such  a  basin,  too,  will  also  readily  permit  the  contents  to  be  seen 
after  use — a  matter  of  no  little  importance  where  the  state  of  the  health  is 
carefully  observed. 

(3)  The  trap  beneath  the  basin  should  be  of  the  simplest  form,  without  angles 
of  any  kind,  and  so  arranged  as  to  preserve  continuity  of  circular  section.  This  is 
best  supplied  in  the  ordinary  so-called  "  syphon  "  trap,  or  S  trap,  formed  of  glazed 
stoneware,  and  which,  in  the  best  closets,  is  in  one  and  the  same  piece  as  the 
basin  itself. 

(4)  There  should  be  as  much  absence  of  metal-work  about  the  apparatus  as 
possible.  All  metal-work  involves  joints,  and  joints  are  liable  to  leak.  Metal- 
work,  moreover,  easily  corrodes,  and  encourages  the  deposit  of  offensive  matter. 

The  careful  observance  of  these  principles  will  I'esult  in  the  rejection  of  any 
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closet  apparatus  which  comprises  a  «  container  "  and  D  trap  ;  also  any  apparatus  or 
basin  of  a  "  hopper  "  or  funnel  shape,  in  which  the  foul  matter  does  not  fall  directly 
into  the  water,  but  is  liable  to  slide  down  and  foul  the  sides  of  the  basin. 

In  schools  and  many  institutions  the  water-closets  or  latrines  are  arranged 
so  as  to  have  a  cast-iron  trough  under  a  range  of  seats.  This  is  open  to  tlie 
objection  above  pointed  out  with  respect  to  all  metal-work  in  water-closets.  A 
far  better  arrangement  is  to  have  the  trough  made  of  plain  white  glazed  fire-clay, 
which  does  not  so  easily  get  foul,  but  permits  any  dirt  on  the  inner  surface  to 
be  readily  detected  and  removed.  These  trough  closets,  however,  are  not  adapted 
for  use  within  inhabited  buildings,  inasmuch  as,  owing  to  the  fact  of  their  being 
intended  to  be  emptied  only  at  regular  intervals,  they  involve  the  retention 
therein  of  the  offensive  matter  for  a  certain,  or  rather  an  uncertain,  length  of  time, 


Fig.  "-t.— Valve  Apiiaratns.  Fig.  75.— Dii-cot  Connection. 


and  this  is  clearly  open  to  much  objection  if  the  trough  is  situated  indoors; 
and,  moreover,  unless  it  has  systematic  attention,  it  is  liable  to  get  very  offensive. 

The  trap  beneath  the  basin  of  an  ordinary  water-closet  apparatus,  besides 
preventing  a  back  flow  of  air,  is  necessary  for  maintaining  permanently  a  certain 
quantity  of  water  for  the  reception  of  solid  matter.  If  the  soil-pipe  and  the  house 
drains  are  properly  arranged  and  always  in  the  condition  in  which  they  ought  to 
be,  the  trap  would  not  really  be  an  essential  were  an  ordinary  valve,  closing  the 
outlet  at  the  bottom  of  the  basin,  as  in  Fig.  74,  provided,  so  as  to  keep  the 
requisite  quantity  of  water  therein,  and  prevent  the  back  flow  of  air.  When  the 
valve  is  opened  the  contents  of  the  basin  pass  at  once  into  the  soil-pipe.  In 
some  respects  a  valve  apparatus  is  preferable  to  many  others,  because  it  is  less 
complicated.  A  trap,  even  in  the  simplest  form,  cannot  fail  to  be  an  impediment 
to  the  flushing  power  and  free  flow  of  the  contents  of  the  basin  when  discharged. 
Hence  there  is  advantage  if  it  can  be  cUspensed  with,  and  where  the  drains  and 
soil-pipe  efficiently  answer  their  purpose  an  apparatus  with  merely  a  valve  or 
other  method  of  retaining  the  quantity  of  water  in  the  basin,  without  any  trap 
beneath  as  pai-t  of  the  structure  of  the  apparatus,  would  be  quite  permissible 
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being  cMefl,  of  .etal  and  difficn It  of  --.  --^  ''^P  by 

,,e  from  offond.e  maUe.  ^^^^^ite  fn  crli^toldt^e-  closets,  the 
substitntmg  a  p  ag  for  -^'^J^^^^,  ,  Mia-vubber,  and  the  quant  ty 
TZ^'^SLT^'^^  o';di;ary\aU-eo*    Ping  closets,  however,  w.th 
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jijg,  77,— Patent  Eim-flusldng  Basis. 


or  without  a  trap,  are  not  necessarily  satisfactory,  inasmuch  as  if  a  piece  of  paper, 
a  shred  of  flannel,  a  lucifer  match,  or  other  foreign  substance,  happen  to  be  caught 
between  the  plug  and  the  sides  of  the  outlet-pipe,  a  leakage  is  created  which  will 
waste  the  water,  and  in  the  event  of  the  water-supply  being  intermittent  may- 
cause  subsequent  inconvenience  from  the  absence  of  water  in  the  service  cistern. 
In  the  same  way  a  valve  closet  is  open  to  the  objection  that  the  india-rubber 
seating  on  the  valve  is  liable  to  let  the  water  leak  out  of  the  basin  ;  and,  moreover, 
this  india-rubber,  after  a  while,  needs  renewal— not  a  very  difficult  matter  certainly, 
but  an  inconvenience  nevertheless. 

The  kind  of  apparatus  which,  on  the  whole,  is  most  free  from  objection  is  that  in 
which  every  part  is  formed  of  glazed  stoneware  ;  no  india-iiibber  or  metal-work  of 
any  kind  being  needed.  In  closets  of  this  kind  the  trap  is  a  permanent  one,  com- 
prising merely  a  bent  pipe,  somewhat  in  the  form  of  the  letter  S.  If  this  trap, 
being  a  separate  piece  of  stoneware,  is  wholly  below  the  bottom  of  the  basin,  as  in 
Fig.  76,  it  presents  the  objection  that  no  water  will  stand  in  the  basin  itself,  and 
thus  the  sides  of  the  basin  soon  get  fouled,  and  the  way  this  kind  of  basin  is  usually 
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flushed,  by  a  spiral  How  of  water,  is  verv  imperfect     Tl,„=.  t  I  

obviated  with  tolerable  success  by  ar^a'Lftt  outiTt  t'T.  T' 
position  as  ordinarily  to  receive  the  denoXd  i  .  ^^'"^      '""^^^  ^ 

by  means  of  a  ^ood  flusr  of  watpv  f  ^""^ 
generally  kept  cJean  If  swee"^^^^  ^i'^^.  ^^^^       ^^tter  is 

as  the  patent  "  rim-flushina"  basin    hnf  ^  ^o-^^^o^ly  known 

contents  of  the  basin  m  this  apparatus  are  always  rapidly  removed. 

Another  kind  of  basin  is  that  belonging  to  what  is  known  as  the  patent  "wash- 


Pig.  78.— Patent  Basin. 


Pig.  79.— Patent  Wash-out  Basin. 


out  "  closet  (Fig.  79),  in  which  the  outlet  from  the  basin  is  not  at  the  bottom  but 
from  one  side  or  at  the  back,  and  the  flush  of  water  is  from  the  rim,  but  directed 
principally  from  opposite  the  outlet,  so  as,  by  its  force,  to  "wash  out"  the  basin. 
Tins  kind  of  basin  always  contains  a  small  quantity  of  water,  though  ordinarily  not 
as  much  as  could  be  desired,  and  if  the  flush  be  sufficient  and  properly  directed 
it  cannot  fail  to  answer  its  purpose  efi"ectually.  This  apparatus,  like  the  one  last 
described,  has  no  metal-work  of  any  kind  about  it,  being  all  composed  of  glazed 
stoneware,  often  all  in  one  piece,  and  is  capable  of  being  easily  kept  perfectly  clean 
and  sweet.    It,  moreover,  allows  the  contents  of  the  basin  to  be  readily  inspected. 

In  the  several  closets  last  referred  to,  in  which  the  trap  is  a  permanent  one 
without  any  absolute  obstruction,  it  is  not  generally  necessary  to  provide  an 
overflow-pipe,  because  any  continuous  running  of  water  can  pass  freely  away. 
In  the  valve  closet,  however,  an  overflow-pipe  is  a  necessity;  but  it  is  highly 
inexpedient  to  connect  it  with  the  soil-pipe  immediately  below  the  valve,  as  is 
frequently  done.  The  overflow-pipe,  acting  as  a  warning-pipe,  should  either 
discharge  in  the  open  air  outside  an  external  wall,  or  the  surplus  water  should 
be  conveyed  away  by  the  waste-pipe  from  the  safe  beneath  the  closet  apparatus. 

In  almost  all  the  best  kinds  of  water-closet  apparatus,  one  of  the  most 
important  points  to  be  attended  to  is  its  connection  with  the  soil-pipe.  If  this 
be  neglected,  and  any  defect  is  allowed  to  exist  at  the  point  where  the  base  of  the 
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Fig.  80. 


be  escape  ot  dram  air  uuouo  ,;,.f;cTlif     The  nlan  most  commonly 

to  be  taken  to  make  this  junction  perfectly  au-tight.    ihe  plan  ^ 
Irlnnted  is  to  tum  the  lead  of  the  branch-pipe  over  on  to  the  floor,  or  leaa 
afe'  l-e  cly  described,  and  to  bed  the  outlet  of  the  -ter.loset  apparatu^^ 
Won  1  red-lead  putty.     But  inasmuch  as  the  apparatus  is  usually  rather 
^eaTand  tbe'  pace'in  which  it  is  fixed  generally  very  contracted  it  frequently 
hapZns  that  in  placing  it  over  the  mouth  of  the  branch-pipe  the  putty  gets 
d  spCd,  and  a  fLty  "joint  is  the  result.    Two  or  three  -tnvances  hav^heen 
devised  to  obviate  the  possibility  of  defect  at  this  point;  but  one  of  the  best  and 
simplest  is  to  spread  out  the  mouth  of  the  branch-pipe  to 
receive  the  base  of  the  apparatus,  and  then  fill  in  with  red- 
lead  putty,  and  dress  the  lead  well  over  the  flange  near  the 
base  (Fi^.  80).    Another  method  is  to  bed  the  flange  on  a 
rin-  of  india-rubber  (Fig.  81) ;  but,  inasmuch  as  this  material, 
though  exceHently  adapted  for  the  purpose  when  new,  under- 
croes°certain  changes  in  its  condition  in  the  course  of  a  few 
years,  and  especially  if  subjected  to  continued  low  tempera- 
ture, when  it  becomes  hard  and  brittle,  it  is  doubtful 
whether  it  can  be  relied  on  for  a  permanently  safe  joint. 

Another  point  deserving  of  consideration  by  every  one 
about  to  fix  a  new  water-closet  apparatus  is  the  arrangement 
of  the  seat  and  the  enclosure  of  the   apparatus.  The 
apparatus  is  usuaUy  fixed  and  enclosed  so  that  in  course  of 
time  a  vast  amount  of  dust  and  dirt  accumulates  beneath 
the  seat,  or,  indeed,  may  have  been  left  there  by  the  work- 
men when  the  closet  was  built ;  and  where  the  closet  is  used 
for  emptying  slops  of  any  kind,  it  commonly  happens  that 
small  quantities  of  liquid  are  allowed  to  splash  over  the  top 
of  the  basin— not  sufficient,  perhaps,  to  run  away,  but  to  keep  a  certain  amount  of 
permanent  dampness  on  the  floor  of  the  space  beneath  the  seat,  and  to  give  to  the 
entire  closet  a  constant  smell.    It  would  go  far  to  promote  cleanliness  and  prevent 
this  smell  if  the  seat  enclosure  were  wholly  dispensed  with,  and  the  floor,  with 
its  carpet  or  oil-cloth,  were  continued  entirely  under  the  seat.    In  the  case  of  all 
the  best  kinds  of  closet  apparatus,  comprising  merely  a  basin  with  syphon  trap 
beneath— all  in  one  piece  of  glazed  stoneware— there  would  be  no  eyesore  in  such 
an  arrangement,  while  every  nook  and  corner  would  be  visible  and  subject  to  the 
frequent  application  of  the  broom  and  duster  (Fig.  82).     Of  course,  a  narrow 
wooden  border  could  be  formed  on  the  upper  edge  of  the  basin,  to  serve  as  a  seat, 
and  also  a  lid,  and  some  modification  of  the  ordinary  pull-up  handle  would  be 
necessaiy  to  bring  the  flushing  apparatus  into  action;  but  this  could  easily  be 
effected  by  arranging  the  requisite  wire  connections  somewhat  in  the  fashion  of  an 
ordinaiy  bell-pull.    This,  moreover,  would  have  the  advantage  that  there  would  bo 
no  sunk  dish  in  the  seat  for  the  pull-up  handle,  Avhich  always  allows  dust  and  dirt  to 
accumulate  and  is  difficult  to  clean. 

In  determining  the  position  for  fixing  the  apparatus  in  a  water-closet,  it  is 
obviously  desirable  to  place  it  so  that  ample  light  from  the  window  in  the 
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c%-tin.o,  and  from  the  gas-bracket  at  night,  shall  fall  upon  the  seat  and  into  the 

oln  J^'^'  1  T.i^''' 1      ^ ^"^^  P^g^'^  the  sweetness  of  the  water- 

closet;  and  although  the  kxnd  of  apparatus  that  xnay  be  adopted  will  have  an  important 
beaimg  on  the  condition  and  wholesomeness  of  the  air  in  the  closet,  it  wUl  readily 
be  perceived  that  even  with  the  best  kind  of  apparatus,  constant  personal  attention 
18  necessary  m  order  to  secure  perfect  cleanliness  and  sweetness.  If,  as  frequently 
occurs,  the  precaution  of  effectually  flushing  out  the  basin  immediately  after  the  closet 
has  been  used  be  neglected,  a  very  few  days  will  suffice  to  make  the  basin  so  foul  as 
to  emit  an  unwholesome  and  offensive  smell.  Even  if  the  closet  be  properly  used,  the 
basm  will  still  need  cleansing  beyond  what  it  receives  from  the  regular  flush  of 


Fig.  82. — Closet  without  Enclosure. 


water.  In  fact,  wherever  there  is  a  water-closet  it  should  be  somebody's  special 
duty  to  periodically  rinse  out  the  basin  thoroughly  with  a  brush  kept  for  the 
purpose.  The  brush  should  be  worked  into  the  trap  as  far  as  possible,  and  likewise 
all  round  the  upper  part  of  the  basin,  the  water  being  allowed  to  run  through  the 
basin  while  the  brush  is  being  used.  This  process,  which  is  scarcely  less  essential 
than  the  daily  rinsing  of  bed-room  crockery,  should  ordinarily  be  done  at  least  two 
or  three  times  a  week  ;  and  the  bnish  may  either  be  hung  up  just  outside  the  water- 
closet  window,  or,  if  that  be  too  exposed  a  position  for  it,  a  special  can  should  be 
kept  for  it  in  the  housemaids'  closet,  and  in  which  it  may  be  carried  from  one  closet 
to  another. 

For  more  effectually  securing  the  sweetness  of  watei*- closets,  an  ingenious  con- 
trivance is  sometimes  adopted  for  mixing  a  small  quantity  of  some  disinfecting  fluid 
with  the  water  in  the  basin  every  time  the  closet  is  used.  Although  this  little  con- 
trivance is  not  without  its  advantages,  inasmuch  as  it  may  tend  to  remove  the  smell 
which  necessarily  exists  immediately  after  the  closet  has  been  used,  it  is  nevertheless 
doubtful  whether  it  can  be  regarded  as  in  every  way  a  desirable  appendage  to  a 
closet.    It  is  obviously  an  additional  complication  to  the  apparatus,  and  in  this 
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:^:TZ:   tol^^i^^^^^^^^  ta.e  thefo™  o£  an  into Wiate  o.  flushing 

steL T^^^^^  the  requisite  quantity  (usually  about  two  gal  ons)  of  water  for  each 
flu  hwhjL  thus  serves  the  double  purpose  of  supplying  a  given  quantity  of  wat  r 
t  fofTeraratiug  the  closet  apparatus  from  direct  connection  with  the  general  service 
dill  'other  kinds  of  regulators  or  water-waste  preventers  consist  of  valves 
^nously  arranged,  which,  with  easy  adjustment,  allow  oifly  a  given  quantity  of 
water  to  pass  tbrou^;h  them  each  time  the  closet  apparatus  is  emptied.    The  inte 
Ifalate  01-  service-cLtern  is  the  most  common  form  of  waste-preventer,  and  oons^ 
of  a  cistern,  or  box,  holding  only  the  requisite  quantity  of  water  for  one  flu  i  a^id 
supplied  by  means  of  a  small  pipe  from  the  main  cistern  mth  an  ordmary  ball-cock, 
so  tiiat  eacl  time  the  water-closet  basin  is  emptied  the  entire  contents  o  this  cistern 
or  box  are  cUscharged  by  a  syphon-pipe,  or  otherwise,  and  the  ball-cock  is  immedi- 
ately set  in  action  to  refill  the  cistern. 

The  quantity  of  water  allowed  by  the  regulations  of  the  London  water  com- 
panies for  one  flush  is  limited  to  two  gallons.  This  quantity,  even  under  the  most 
favourable  circumstances,  is  small  enough,  and,  in  fact,  rarely  suffices  for  the 
eff-ectual  removal  of  the  Avhole  of  the  contents  of  the  basin  beyond  the  trap  immedi- 
ately beneath  it,  for  Avhich  it  is  necessary  to  flush  the  basin  a  second  time.  In  the 
case,  however,  of  a  closet  in  an  upper  storey,  with  a  considerable  length  of  soil-pipe 
beneath,  it  is  wholly  inadequate  for  flushing  both  the  basin  and  the  soH-pipe.  A 
second  charge  of  the  flushing  cistern  ought  always  to  be  used,  in  order  to  flush  the 
soil-pipe;  but  as  the  majority  of  people  are  not  in  the  habit  of  taking  this  precaution, 
it  would  be  of  gi-eat  advantage  were  the  ordinary  quantity  of  water  for  each  flush 
considerably  increased,  or,  at  any  rate,  made  three  instead  of  only  two  gallons. 

Of  sinks,  there  are  diff"erent  kinds  for  various  purposes.  Thus,  scullery  sinks  are 
provided  in  connection  with  the  kitchen  offices,  and  are  used  for  washing  and  preparing 
vegetables,  and  for  washing  the  utensils  used  in  cooking.  Pantry  sinks  are  usually 
aiTanged  for  washing  plate,  glass,  and  the  other  more  delicate  articles  used  at  meals. 
Housemaids'  sinks  are  fitted  up  for  use  in  connection  with  bed-room  and  toilet 
services  ;  while  the  ordinary  slop-sink  is  used  for  emptying  all  kinds  of  slops. 

The  scullery  sink  is  the  most  common  sink,  inasmuch  as  it  is  necessary  in  every 
kind  of  house,  of  whatever  size.  Wherever  cooking  goes  on,  whether  there  be  a  dis- 
tinct scullery  or  not,  one  sink  at  least  has  to  be  provided.  Wherever  space  will 
permit,  a  scullery  should  contain  two  sinks— one  for  washing  the  various  plates, 
dishes,  and  other  food  utensils  in,  and  the  other  for  cleansing  vegetables  in,  prepara- 
tory to  cooking  them  and  serving  them  up.  The  sinlc  for  washing  the  articles  used 
in  cooking  should  be  of  such  materials,  and  so  formed,  as  to  allow  of  its  being  readily 
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cleansed,  otherwise  it  is  liable,  in  carele=;^  li^r,rl<.         I  ~  ^  ~ 

fixed     TliP  n.7fi  .V  P'P^  0"g^^*  to  be  permanently 

fHhe  se^  WI  a^^^^^^^^^      ""T'  • °'  ^^-^  '  *  least 

looktd  trrp^^^^^^^^^^      ^^'''-'''^  ''''''    ^'-'^  ^  -  -P-*-^  PO-t,  often  over- 
The  pantry  sink  being  intended  for  washing  more  delicate  articles  in  than 
the  scullery  sink,  is  generally  formed  of  wood  and  lined  with  lead,    he  latter 

^^^^^'j^:  r  -Iver  than   stone  t 

eai  henware^  If  the  water-tap  over  the  pantry  sink  be  furnished  with  a  piece 
of  incba-rubber  tube  three  or  four  inches  long,  it  will  be  found  to  prevent  m  "h 
hipping  and  breakage  of  glass  and  china.  All  the  sinks  above  referred  to  slZ  d 
have  straining-boards  at  the  side,  grooved  and  slightly  inclined,  so  as  to  let  the 
water  run  towards  the  sink. 

Housemaids'  sinks,  generally  fixed  on  the  upper  floors  of  houses,  being  chiefly 
used  for  emptying  and  rinsing  wash-hand  basins  and  chamber  utensils  are 
ordinarily  formed  of  wood  and  lined  with  lead,  as  being  least  liable  to  dama^^e 
crockery.  It  is  important  in  these  sinks  to  have  a  plentiful  supply  of  water 
immediately  over  them,  otherwise,  unless  they  have  exceptional  attention,  they 
are  apt  to  become  foul  and  ofi-gnsive  with  the  constant  emptying  of  soapy  water 
and  slops.  Indeed,  these  sinks  need  frequent  periodical  cleansing,  however  perfect 
and  ample  the  supply  of  water  to  them  may  be.  In  all  lead-lined  sinks  it  is  useful 
to  insert  a  strip  of  bevelled  wood  beneath  the  lead  along  the  angle  of  the  wooden 
sink,  in  order  to  splay  ofi"  the  angles  and  prevent  the  accumulation  of  dirt  there. 
It  IS  important,  moreover,  in  fixing  any  kind  of  flat-bottomed  sink,  that  it  should 
have  a  good  fall  towards  the  outlet,  so  that  all  water  emptied  into  the  sink  should 
flow  at  once  to  the  outlet.  Some  sinks,  used  merely  for  emptying  sIop-M'ater, 
are  made  of  enamelled  iron,  more  in  the  form  of  a  deep  basin  with  the  outlet  at 
the  bottom. 

The  outlet-pipe  from  the  above-mentioned  sinks,  which  should  discharge  visibly 
in  the  open  air,  should  be  of  ample  size— two  inches,  if  practicable— and  the 
shorter  it  is  the  better,  as  there  are  greater  facilities  for  keeping  a  short  pipe 
clean  than  a  long  one,  and  the  inside  will  inevitably  get  coated  mth  matter  which 
in  course  of  time  may  become  oflfensive.  Hence  the  position  for  the  sink  will 
have  to  be  determined  by  the  position  of  the  outlet  from  the  waste-pipe. 

A  trap  is  generally  necessary  in  the  Avaste-pipe  from  a  sink,  and,  indeed,  in 
all  waste-pipes ;  for  not  only  does  the  ijiterior  of  such  pipes  get  foul  after  more 


SINKS. 


149 


or  less  use,  but  the  gully  or  channel  outside  that  receives  the  discharge  fiom 
the  waste-pipe  is  also  liable  to  become  oflfensive  unless  it  receive  frequent  attention, 
and  if  there  were  no  trap  in  the  waste-pipe,  the  smells  from  the  interior  of  the 
pipe  or  from  the  gully  or  channel  would,  under  certain  conditions,  be  drajvn 
into  the  building.  As  a  rule,  a  waste-pipe  should  not  only  be  as  short  as  possible, 
but  it  should  also  be  easily  accessible  at  the  outer  end,  so  as  to  allow  of  its  being 
periodically  cleansed  by  means  of  a  brush  being  passed  into  it.  The  trap  in  the 
waste-pipe  should  be  of  the  simple  S  form,  and  furnished  with  a  brass  screw-plug, 
in  order  to  aflFord  access  to  it  for  purposes  of  cleansing  it  and  removing  obstacles 
such  as  pieces  of  flannel,  hair,  stumps  of  lucifer  matches,  &c.,  which  frequently 
get  into  the  pipe.  The  trap  should  always  be  formed  in  the  course  of  the 
pipe  itself,  the  continuity  of  the  circular  bore  being  carefuDy  preserved.  Excellent 
cast  lead  pipe-traps  of  various  diameters,  with  suitable  screw  inspection-holes, 
are  manufactured  expressly  for  the  purposes  above  referred  to. 

The  "  slop-sink  "  proper  diflfers  from  other  kinds  of  sinks,  inasmuch  as  it  is 
intended  to  receive  solid  matter  as  well  as  liquids.    It  in  fact  resembles  in  some 
important  particulars  the  ordiuary  water-closet  apparatus,  though  it  is  not  usually 
provided  with  any  complicated  flushing  contrivance,  and  does  not  ordinarily  hold  a 
permanent  quantity  of  water  in  the  basin.    The  chief  difierence  is  that  it  is  fixed 
at  a  higher  level  than  a  water-closet  apparatus,  in  order  to  be  more  convenient 
for  emptying  vessels  into  it.    It  is  furnished,  moreover,  with  a  tap  above  it  of 
suflicient  size  to  afi"ord  a  copious  supply  of  water  for  rinsing  out  any  vessel  that 
is  held  under  it.    The  best  kinds  of  slop-sink  are  those  in  which  the  basin  or 
receptacle  is  formed  of  or  lined  with  lead,  or  of  iron  with  a  porcelain  enamelled 
surface,  the  trap  beneath  being  an  ordinary  syphon  or  S  trap  of  circular  section 
not  less  than  three  inches  diameter  (and  furnished  with  a  screw-plug  for  access 
to  it),  connected  with  an  ordinary  soil-pipe  in  the  same  way  as  a  water-closet 
apparatus.    These  sinks  are  chiefly  used  in  hospitals  and  other  public  institutions 
where  bed-pans  and  commodes  have  frequently  to  be  emptied ;  but  they  are  often 
useful  in  ordinary  houses,  though  until  recently  not  common. 

It  must  be  remembered  that  in  emptying  quantities  of  waste  and  slop-water 
into  a  sink  or  water-closet  basin,  it  may  be  done  so  carelessly  that  the  water 
cannot  flow  away  fast  enough,  and  the  liquid  is  liable  to  flow  over  the  sides  and 
on  to  the  floor  beneath.    In  order  to  meet  such  contingencies  and  to  prevent  the 
ceilings  and  other  parts  of  the  building  beneath  from  being  damaged  by  the  water, 
it  is  usual  in  properly-built  houses  to  form  what  is  known  as  a  "  safe  "  beneath 
every  water-closet  apparatus,  slop -sink,  &;c.,  in  the  same  manner  as  beneath  the 
bath.     This  consists  of  a  shallow  tray,  generally  of  lead,  with  an  outlet-pipe 
passing  through  an  external  wall,  where  it  is  either  cut  ofi"  about  six  inches  away 
from  the  outer  face  of  the  wall,  so  as  to  serve  as  a  warning- pipe  to  show  when 
anything  is  wrong,  or  it  discharges  in  the  open  air  over  some  channel  or  gutter. 
When  a  water-closet  basin  is  likely  to  be  used  for  emptying  slops,  it  is  useful  to 
arrange  the  seat,  as  well  as  the  lid,  so  as  to  be  lifted  up  when  any  vessel  is  being 
emptied  there ;  and  if  the  seat  is  enclosed  in  the  usual  way,  the  top  of  the  basin 
may  be  dressed  over  with  lead,  arranged  so  as  to  prevent  splashing  over  on  to 
the  floor  beneath,  in  which  case  the  safe  above  described  would  not  be  so  necessary. 
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CHAPTER  XIV. 

FITTINGS. — COOKING  APPARATUS. 

Ancient  Cooking.raaiges-Arrangements  for  Roasting-The  Modern  Close  Range-Modem  Open-Fire 
Ranges-American  Stoves-Other  Close  Ranges-Ranges  for  Cooking  by  Gal 

Of  the  many  important  fittings  of  a  house-be  it  a  palace  or  a  cottage-the 
cooking-range  or  apparatus  is  clearly  one  of  the  most  important. 

The  kitchen  itself  has  from  very  early  times,  as  we  see  from  the  ruins  of  many  an 
old  priory,  always  claimed  much  attention,  and  the  appliances  for  cooking  the  food 
obviously  constitute  the  most  important  objects  in  the  kitchen. 

In  former  times  there  was  probably  little  difficulty  in  determinmg  what  form  of 
cookmg-apparatus  to  adopt;  but  in  the  present  day  one  is  be^aldered  with 
innumerable  advertisements  and  descriptions  of  different  kinds  of  cooking  appliances, 
each  of  which  claims  to  be  at  once  the  most  efficient,  economical,  simple,  convenient^ 
cleanly,  and,  in  every  way,  the  most  desirable.  Thus  any  one  nowadays  having  to 
rearrange  a  kitchen,  or  to  erect  a  new  one,  is  placed  in  a  very  difficult  and 
responsible  position,  and  this  difficulty,  moreover,  is  enlianced  by  the  fact  that  some 
one  else  will  have  the  practical  working  of  the  apparatus,  in  whom  will,  very  likely, 
rest  its  success  or  otherwise. 

In  early  times  the  cooking-stove  was  most  probably  the  open  range,  formed  by 
brick  jambs  and  back,  with  horizontal  bars  built  across  the  front,  and  of  considerable 
depth  from  front  to  back,  for  the  purpose  of  burning  wood.    The  meat  to  be  roasted 
was  supported  on  horizontal  spits,  revolved  by  hand  in  front  of  the  fii-e.    This  form 
of  range  has  been  improved  upon  from  time  to  time,  both  in  its  construction,  and  in 
the  method  of  revolving  the  meat.  Cast-iron  came  to  be  used  for  the  jambs,  and  coal 
being  substituted  for  wood  as  fuel,  it  became  necessary  to  make  a  considerable 
reduction  in  the  depth  from  front  to  back.    In  order  to  still  further  economise  this 
valuable  fuel,  means  of  contracting  and  expanding  the  width  of  the  fire  according  to 
the  size  of  the  joints,  or  the  number  of  viands,  capons,  &c.,  that  had  to  be  "spitted  " 
ov  suspended  before  it,  Avere  introduced,  and  for  this  purpose  cast-iron  sliding  cheeks, 
with  the  requisite  winding-pinions,  rack-attachments,  and  winch-handles,  for  setting 
them  in  motion,  were  provided.    So  far  the  roasting  apparatus  was  now  a  complete 
machine,  and  is  used  in  exactly  the  same  Avay  to-day  as  it  was  when  originally  intro- 
duced.   The  arrangements  for  supporting  and  turning  the  meat,  however,  required 
improvement,  and  dogs,  springs,  the  motive-power  of  water,  [the  motive-power  of  the 
ascending  current  of  heated  air  in  the  chimney,  and  occasionally  steam,  have 
severally  been  used  to  effect  this  purpose.    With  the  exception  of  dogs,  they  all  and 
each  exist  in  the  present  day,  for  the  same  purpose,  in  numerous  modifications,  from 
the  spring  bottle-jack,  which  turns  its  modest  eight  or  ten  pounds  of  meat,  to  the 
huge  smoke  or  watei'-jack,  ten  or  twelve  feet  wide  and  more,  turning  regularly  its 
five  or  six  hundredweight  of  meat  at  a  time,  and  occasionally  even  more  than  that. 
Some  of  these  methods  of  turning  the  meat  necessitated  the  use  of  long  horizontal 
spits  passing  through  the  joints  to  be  roasted,  and  supported  at  each  end  upon  hooks 
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.  ,      •       ^    f       vcmrrP  or  in  large  establishments,  fixed  to  the 

»TtMs  system  has  of  late  years  «.lled  iuto  requisition  add.  lonal  motions  to 
he    mL'ack  besides  the  old   spit  motion,  thus  conSKleraWy  «Bg  h 
machLery;  and  it  is  now  not  >musual  to  find  smoke-jacks^  not  only  havmg  the 
rpksp't  motion,  hut  also  two,  three,  four,  and  even  s.x  dangles  or  vertical 

hansfinff  motions.  •,        t         i  •.  i 

Besides  the  arrangements  above  described  for  roasting,  the  orchnary  kitchen 
ran-e  o-enerally  had  "hobs"  at  the  sides,  on  which  saucepans  and  kettles  could 
be  placed  which  did  not  require  to  be  actually  over  the  fire,  while  revolving 
«' trivets"  were  provided  for  supporting  them  over  the  fire.  These  ranges  even 
thou-h  the  space  behind  the  bars  was  shallow,  held  a  vast  quantity  of  coal,  • 
and  In  course  of  time  the  large  consumption  of  fuel  was  made  to  maintain  a 
supply  of  hot  water,  by  a  boiler  being  fixed  behind  and  at  one  side  of  the  fire. 
The  next  improvement  was  to  arrange  the  boiler  so  as  to  be  self-fecdmg,  and 
thus  obviate  the  inconvenience  that  was  continually  recurring  of  the  boiler  cracking 
in  consequence  of  the  cook  omitting  to  keep  it  permanently  filled  with  water— 
an  operation  that  had  previously  to  be  done  by  hand. 

In  the  last  thirty  or  forty  years  many  improvements  in  the  details  of  con- 
struction of  cooking-ranges  have  taken  place.      The  crude  contrivances  of  the 
earher  part  of  the  present  century  are  disappearing,  and  much  skill  and  ingenuity 
have  been  exercised  to  bring  into  use  what  is  now  commonly  known  as  the 
close  range,  or  "  kitchener,"    This  apparatus  may  be  briefly  described  as  comprising 
a  comparatively  small  fire-box,  with  an  oven  on  one  side,  a  boiler  on  the  other 
and  at  the  rear,  and  a  hot  plate  on  the  top.     By  means  of  a  set  of  three 
dampers  in  the  cliimney-flue,  the  heat  may  be  directed  either  about  the  oven 
or  about  the  boiler,  or  the  draught  may  be  directed  exclusively  through  the  fire, 
and  the  fire  may  be  either  shut  up  in  front  or  open  for  roasting.    The  kitchener 
is  certainly  an  improvement  in  many  respects  upon  its  predecessors,  but,  never- 
theless, in  the  hands  of  the  modern  cook  it  is  capable  of  consuming  an  amount 
of  coal  which,  compared  with  the  size  of   the  fire-box,  is  simply  surprising. 
The  rapidity  with  which,  by  means  of  drawing  out  the  dampers  or  neglecting  to 
close  them,  it  devours  fuel  at  all  times  of  the  day,  no  matter  how  much  or 
how  little  cooking  is  going  on,  results  in  a  waste  of  coal  which,  to  the  economical 
housewife,  is  appalling ;  and  this  waste  is  often  increased  by  the  use  of  a  quick- 
burning  coal,  most  ill-adapted  for  such  a  fire.    There  is,  as  a  rule,  more  comfort, 
convenience,  and  cleanliness  in  the  careful  use  of  a  kitchener,  or  close  range, 
for  cooking  purposes  of  moderate  requirements  than  the  old-fashioned  open  fire- 
grate, but  it  can  hardly  be  said  that  the  kitchener  is,  in  practice,  very  economical. 
It  is  doubtless  true  that  it  will  burn  cinders ;  but  cinders  are  not  so  easy  to 
obtain  as  coals,  inasmuch  as  the  latter  are  generally  near  at  hand,  while  the 
cinders  have  to  be  sifted — an  operation  that  involves  some  trouble,  and  causes 
a  considerable  amount  of  dust  and  dirt.     On  the  other  hand,  however,  it  has 
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been  computed  that  owing  to  the  use  of  open  fires  in  private  kitchens,  as  much 
as  nine-tenths  of  the  heat  produced  in  cooking  operations  is  lost,  one-tenth  only 
being  really  utilised  in  cooking.*  ^ 

The  two  kinds  of  ranges  above  described— namely,  tlie  open  one  and  the 
close  one— are  now,  with  numberless  modifications  of  detail,  the  standin<^  types 
of  cookiug-ranges  in  which  solid  fuel  is  used.  In  the  "open-range"  cla°ss  may 
be  included  all  those  ranges  which  have  an  open-top  fii-e  for  roasting,  and  an 
open  chimney,  into  which  the  smoke  ascends  direct  from  the  top  of  the  fire 
In  the  "close-range"  class  maybe  included  all  those  ranges  which  have  a  closed 
top,  covered  by  a  plate,  and  a  closed  chimney,  into  which  the  smoke  ascends 
by  means  of  conducting  flues,  and  is  delivered  over  the  plate  closing  in  the 
chimney  opening  In  this  class  may  likewise  be  included  all  the  modern  American 
close  cooking-stoves,  some  of  which  are  so  small  as  apparently  to  be  mere  toys, 
but  which  for  many  purposes  are  very  useful. 

The  open-fire  ranges  may  be  divided  into  two  sorts— those  called  self-acting, 
which  are  fitted  with  flues  passing  round  the  oven  and  round  the  boiler  respectively, 
each  under  control  by  a  damper,  and  those  not  self-acting,  which  have  the  fire 
simply  placed  against  the  boiler  and  oven,  and  in  which  the  heat  is  not  controlled 
by  dampers. 

The  simpler  form  of  range  without  flues  is  usually  made  in  small  sizes,  and 
thousands  of  them  are  fitted  all  over  the  country  in  the  cottages  of  the  labourer 
and  the  dwellings  of  the  artisan.  This  form  of  range,  however,  is  again  subdivided 
into  numerous  kinds,  differing  from  each  other  in  many  details  of  more  or  less 
importance.  Some  have  winding  cheeks,  to  contract  and  expand  the  ^vidth 
of  the  fire ;  some  have  bars  to  fall  do^vn  outside  so  as  to  form  a  sort  of  table, 
and  some  have  bars  to  fall  down  both  outside  and  inside;  some  have  bars 
which,  if  they  get  broken,  involve  the  entire  renewal  of  the  range,  and  in  others 
the  bars  are  removable  and  easily  replaced ;  some  have  oven  doors  hung  on  the 
side,  and  in  others  the  oven  door  is  hung  at  the  bottom,  so  as  to  fall  down 
and  form  a  table ;  some  have  fire-brick  linings  to  the  fire  ;  some  have  a  boiler ; 
and  there  are  some  which  always  give  satisfaction  and  others  which  are  always 
unsatisfactory ;  for  although  there  may  apparently  be  so  little  diflerence  between 
two  different  ranges  that  to  the  ordinary  observer  they  would  be  identical,  the 
one  would  be  a  veritable  treasure,  while  the  other  would  be  a  constant  annoyance ; 
the  one  may  depend  very  little  on  its  setting,  and  the  other  needs  some  particular 
attention  to  the  way  it  is  fixed  in  position. 

The  self-acting  form  of  this  range  is  made  in  sizes  for  fireplaces  six  or  seven 
feet  in  width,  with  a  roasting  fire  three  feet  wide,  a  boiler  behind  that  ynW  serve 
hot  water  all  over  the  house,  and  a  self-acting  oven  that  is  heated  by  the  flue  passing 
round  it  and  beneath  the  "hob,"  which  forms  a  convenient  hot-plate.  This  range, 
if  properly  constructed  by  taking  the  flues  which  heat  the  oven,  hot-plate,  and 
boiler  from  the  lowest  corner  of  the  fire  next  the  oven,  is  a  very  economical  one, 
and  requires  a  very  moderate  quantity  of  fuel  in  order  to  keep  the  baking  and 
boiling  arrangements  in  proper  working  order.  It  has  been  largely  adopted,  in  a 
more  or  less  perfect  form,  all  over  the  country  in  the  houses  of  the  more  well-to-do, 
and  although  it  may  be  said  to  have  been,  to  a  certain  extent,  superseded  by  the 
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an  purposes  and  a  cheerful  appearance  with  ease  of  management 

S  closeXe  ranges  do  not  divide  themselves  iz.to  distinct  dwxsK>ns  like  the 
onentnts     They  are  each  and  all  in  their  structure  stoves,  havxng  flues  through 
v^ch  thf  flames  L  made  to  pass  in  order  to  heat  the  hot-plate,  oven,  or  bode. 
Is  the  case  may  be,  and  each  separate  flue  is  furnished  .vith  a  damper.    The  simple 
Lrm  suTab'e'for  the  home  of  the  agricultural  labourer  and  artisan  is  of  the 
rexpenste  American  cooking-stove  type.      Of   these,   the   varieties  are  very 
^me  oi  s!   They  usually  comprise  an  oven  and  hot-plate,  heated  by  the  smalles 
p  sXle  fire,  and'with  no  means  of  roasting.    These  cooking-stoves  generally  need 
very  little  s  tting,  being  merely  placed  in  their  position  in  the  chnnney-opening,  and 
n  lids  respect  they  have  the  advantage  that  the  wliole  spac.  abou    them  can  b 
finished  with  tiles  or  otherwise,  so  as  to  prevent  the  harbouring  of  black  beetles 

and  other  vermin.  „  , 

The  larger  and  more  complete  form  of  close  range  is  fitted  with  one  or  niore 
ovens  and  a  boiler,  from  which  hot  water  can  be  supplied  for  all  purposes.  _  The 
fire  is  usually  situated  centrally,  and  is  of  only  sufficient  size  for  a  moderate  joint  to 
be  roasted  in  front  of  it.  From  the  fire,  flues  branch  off  to  the  right  and  to  the 
left,,  passing  under  the  hot-plate  top,  and  sun-ovmding  the  ovens,  also  under  the 
boiler  and  up  the  back,  and  each  of  these  flues  is  furnished  with  a  damper.  The 
whole  of  the  chimney-opening  is  enclosed  at  the  top,  a  rack  bemg  fitted  beneath 
the  enclosure  for  keeping  plates  and  cUshes  hot,  and  the  flues  carried  up  to  the 
chimney  above  this  enclosure.  One  or  both  of  the  ovens  is  ventdated,  and  it  is 
asserted  that  the  oven  then  becomes  a  roaster,  and  that  articles  placed  therein  are 
roasted,  and  not  baked.  It  would  be  more  correct,  however,  to  describe  them  as 
baked  in  a  ventilated  oven. 

These  close  ranges  are  sometimes  made  of  considerable  size— twelve  to  fourteen 
feet  in  length— by  a  repetition  of  ovens  right  and  left.    In  houses  of  moderate  size 
they  are  largely  used,  and  are  much  liked  by  cooks  because  of  their  cleanliness. 
They  offer  some  advantages,  one  of  which  is  that  they  are  at  once  self-contained, 
and  will  do  a  considerable  amount  of  work  with  the  one  fire  ;  but  to  do  this  they 
are  at  the  same  time  self-destructive,  and  consume  a  somewhat  large  amount  of 
fuel ;  for  the  fire,  being  closed  up,  partakes  of  the  character  of  a  furnace,  and 
becomes  so  fierce  as  not  unfrequently  to  melt  the  bottom  and  the  front  bars,  and  to 
create  danger  to  the  house  from  the  usually  insufficient  thickness  of  brickwork  and 
the  proximity  of  woodwork  about  the  lower  portion  of  the  chimney-flue.  Another 
objection  to  the  close  range  is  that  when  anything  boils  over,  or  gets  spilt  on  the 
hot-plate,  the  smell  of  burning  is  produced  more  rapidly  than  it  can  be  carried 
away,  and  speedily  pervades  the  house.    A  further  difficulty  in  connection  with  the 
ordinary  close  range  is  that  it  possesses  no  means  for  reducing  the  size  of  the  fire, 
80  that  whether  there  be  much  or  little  cooking  going  on,  to  allow  of  its  being  done 
effectually  the  fire-chamber  must  be  full,  or  the  cold  air  getting  into  the  flues  will 
14 
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altogethei'  destroy  the  action  of  tb.e  stove,  and  keep  it  at  an  unduly  low 
temperature. 

It  is  true  that  in  recent  years  many  ingenious  contiuvances  have  been  invented 
to  reduce  the  size  of  the  fire  when  not  actually  in  use  for  cooking,  and  likewise 
to  make  the  fire  an  open  or  a  close  one,  so  that  the  cheerfulness  of  the  open  fire 
may  be  associated  with  the  requirements  of  the  close,  one.  These  and  similar 
improvements  that  have  been  introduced  in  the  close  range,  howevei",  so  add  to  its 
com2)lications  that  what  with  two  or  three  dampers  to  the  smoke-flues,  dampers  to 
the  -s'entilated  oven,  and  the  arrangements  for  reducing  the  size  of  the  fire,  often 
necessitating  the  removal  of  some  of  the  front  bars  and  the  folding  doors  into  the 
smoke-chamber,  and  the  removal  of  part  Of  the  hot-plate  to  make  it  an  open  fire, 
it  becomes  a  really  intricate  piece  of  mechanism,  requiriiig  more  than  ordinary 
intelligence  to  understand  and  manage. 

The  cooking  arrangements  referred  to  in  the  foregoing  pages  meet  most  of  the 
ordinary  requirements  of  the  cottage,  the  artisan's  dwelling,  the  villa,  and  the  town 
house  of  moderate  pretensions,  the  main  difference  being  in  the  size  of  the  range. 
In  town  and  country  mansions,  however,  much  more  may  be  wanted,  and  the  range 
is  then  supplemented  by  various  auxiliary  appliances.  Some  of  these  may  be  boiling- 
coppers,  set  in  brickwork  or  iron-cased,  for  hams  and  large  joints ;  also  a  separate  hot- 
plate with  separate  fire,  for  use  when  the  hob  of  the  grate  will  not  take  the  requisite 
number  of  sauce  and  stew  pans;  and  these,  with  the  necessary  hot-closet  or  the  fire- 
screen arranged  for  keeping  plates  and  serving-dishes  hot,  will  then  be  found 
sufficient  for  most  of  the  ordinary  large  town  houses  and  country  mansions.  In  the 
yet  larger  palatial  residences,  however,  where  the  oflices  for  preparing  food  are  neces- 
sarily very  extensive,  there  is  frequently  a  series  of  charcoal  stoves,  or,  if  it  is  the 
fancy  of  the  "  chef  de  cuisine,"  gas  stoves,  gas  being  either  brought  from  some  public 
supply,  or  made  on  the  premises  by  some  of  the  modern  ingenious  inventions 
for  the  purpose.  Then  there  is  the  special  stove  for  the  immense  stock-pot 
which  is  constantly  at  work  day  and  night  when  gas  is  in  use;  also  the 
"bainmarie"  pan,  worked  either  by  fire,  gas,  or  steam— generally  by  steam 
in  large  establishments— which  comprises  the  hot  bath,  in  which  are  kept  the 
sauces  and  soups  ready  for  service.  A  hot-table  may  also  be  provided  for 
di.shing-up  "  upon,  with  its  hot-closet  beneath  for  the  chef's  own  immediate  use. 
There  may  likewise  be  distinct  appliances— steamers  and  the  like— for  cooking 
vegetables,  &c.  in ;  also  a  special  double  oven  for  pastry. 

°The  use  of  gas  for  cooking  purposes  has  been  subject  to  so  much  improvement  in 
recent  years  that  it  is  not  unlikely  before  long  to  become  common  in  most  kitchens. 
In  many  houses  where  it  has  been  in  use  for  some  years  it  serves  chiefly  as  an 
auxiliary  means  of  cooking  when  extra  work  is  required,  or  during  very  hot  weather, 
when  the  kitchen  gets  so  hot  as  to  be  almost  unbearable,  the  range  in  the  kitchen 


being  the  one  in  general  use 


A  serious  practical  drawback  to  the  gas  cooking-apparatus  in  moderate  houses  as 
an  auxiliary  is  that,  in  the  hands  of  the  modern  cook,  it  fails  to  eff-ect  the  economy 
that  is  expected  of  it,  inasmuch  as  while  good  cooking  is  being  performed  by  it  with 
ease  and  cleanliness,  the  kitchen  fire  is  still  kept  going-often  with  all  the  dampers 
carelessly  left  drawn  out-consuming  as  much  coal  as  if  the  gas  stove  were  not  m 
at  all,  and  this  perhaps  merely  to  boil  water  for  washing  up  the  cookmg-utensUs, 
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plates,  and  dishes,  &c.,  after  the  meal  This  is  obviously  an  extravagant  way  of 
gomg  to  work;  but  until  a  cheap  gas  stove  is  devised  that,  Avithout  extra  gas,  will 
boil  plenty  of  water  while  it  is  performing  its  task  of  cooking,  it  is  to  be  feared  the 
gas  cooking-apparatus  will  not  take  a  leading  place  in  the  kitchen  of  the  ordinary 
house. 

In  the  gas  cookmg-apparatus  the  gas  is  used  either  by  burning  it  pure  as  it 
issues  from  the  burners  or  the  oriRces  in  the  gas-pipe,  or  by  causing  it  to 
mix  with  atmospheric  air  just  before  it  reaches  the  point  of  ignition.  In 
the  latter  case  the  gas  is  burnt  with  almost  perfect  cleanliness,  without  any 
smoke,  and  with  only  a  blue  flame  practically  devoid  of  light.  The  process  is 
conducted  either  by  the  flame  actually  impinging  on  the  cooking-utensil,  or  the  heat 
may  be  directed  on  to  the  food  by  reflection,  or  by  the  jets  of  gas  being  just  beneath 
and  around  the  food. 

The  cheapest  form  of  ordmary  gas  cooking-stove  is  the  portable  one,  which 
contains  merely  a  ring  of  burners,  with  a  cast-iron  stand  over  it  to  support  a  kettle, 
saucepan,  or  frying-pan.  The  apparatus  has  a  handle,  to  which  an  india-rubber 
pipe  is  attached  for  supplying  it  with  gas,  and  the  air  is  mixed  with  the  gas  by 
means  of  holes  in  the  handle.  Although  this  stove  is  intended  for  the  cooking  to 
be  done  over  the  flame,  it  is  possible,  by  the  reflected  heat  from  it,  to  cook  bacon, 
eggs,  and  even  chops  beneath  the  flame. 

If,  however,  cooking  otherwise  than  by  boiling  is  habitually  required,  a  larger 
and  different  kind  of  apparatus  would  be  found  more  convenient.  This  consists  of 
a  sort  of  iron  box,  about  twelve  inches  square  and  ten  inches  high,  having  a  hot- 
plate with  a  central  hole  in  it  on  the  top,  and  a  ring  or  row  of  gas-burners 
underneath,  iaimediately  beneath  the  hole.  The  space  under  the  ring  of  gas- 
burners  is  fitted  with  a  gridiron  and  pan,  on  or  in  which  bacon,  eggs,  chops,  steaks, 
and  even  chickens  or  small  joints  may  easily  be  cooked  by  reflected  heat  while 
boiling  is  taking  place  on  the  top. 

The  kind  of  cooking-apparatus  last  described  can  be  extended  so  as  to  be 
capable  of  cooking  a  large  quantity  of  food.  Thus,  if  the  hot-plate  on  the  top 
is  enlarged  to  hold  three  or  four  rings  of  gas-burners,  several  saucepans  can  be  in 
use  at  the  same  time,  while  the  space  beneath  may  be  enclosed  to  form  an  oven  for 
baking  bread,  pastry,  (fee,  and  beneath  this  again  may  be  a  space  for  roasting  meat 
by  arranging  additional  rows  of  gas-burners. 

These  cooking-stoves  are  made  of  plate-iron  of  various  thickness,  and 
inasmuch  as  this  becomes  very  hot,  and  much  of  the  heat  is  lost  in  the  kitchen 
or  room  in  which  the  stove  is  placed,  to  the  inconvenience  of  the  servants,  an 
improvement  has  been  introduced  by  which  the  interior  of  the  oven  and  roaster 
is  lined  with  fire-brick,  which  not  only  prevents  the  escape  of  the  heat,  but  retains 
It,  so  that,  after  the  gas  is  extinguished,  there  is  sufficient  heat  left  in  the  walls  of 
the  oven  and  roaster  to  continue  the  cooking  for  some  little  time  longer.  This  kind 
of  gas  cooking-apparatus  can  be  extended  to  almost  any  size  required,  and  when  of 
large  size  there  is  no  difficulty  in  fitting  it  with  an  ample  boiler  for  a  supply  of 
hot  water.  Many  important  institutions,  hospitals,  barracks,  schools,  clubs,  Ac, 
now  use  the  gas  cooking-apparatus  to  a  very  large  extent,  and  it  is  alleged  that 
while  the  economy  of  fuel  and  labour  is  considerable,  the  annual  saving  of  food, 
by  the  prevention  of  waste,  represents  a  large  sum. 
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CHAPTER  XV. 

GAS  AND  MISCELLANEOUS  FITTINGS. 

Closets  and  Cupboards— Electric  and  Pneumatic  Bells— Telepliones— Gas-meters— Gas-pipes- Gas- 
regulators. 

Closets  and  cupboards,  as  fixtures  in  and  about  tlie  various  rooms  of  a  house, 
ought  to  be  regarded  as  fairly  good  investment  of  capital,  inasmuch  as  they 
invariably  add  to  the  attractiveness  of  a  house  by  tending  to  obviate  the  necessity 
of  acquiring  sundry  ai'ticles  of  fin-idture.  Recesses  in  bed-rooms  and  dressing-rooms, 
when  fitted  ■with  shelves,  hanging  rails,  and  drawers,  make  excellent  substitutes 
for  wardrobes.    They  have  the  advantage  that  no  space  is  left  behind  them,  as 
is  the  case  in  so-called  movable  furniture,  which  is  often  so  cumbersome  that 
it  is  never  moved  from  one  year's  end  to  another,  and  which  consequently  allows 
an  accumvdatioa  of  dust  and  dirt  behind  it  which  ought  not  to  be  tolerated. 
The  top   may   and   should   be  level    throughout,  and  covered   with  smooth 
boarding,  to  facilitate  the  frequent  removal  therefrom  of  all  dust.    The  panels 
of  the  doovs  of  these  fixed  wardrobes  may  with  advantage  be  fitted  with  looking- 
glasses,  which  in  many  instances  would  do  duty  as  cheval  glasses.  Recesses 
may  also  occasionally  be  fitted  with  seats.    The  window  recesses  can  have  seats 
forming  boxes  for  linen,  &c.    In  fact,  no  space  ought  to  be  wasted  in  a  house, 
any  more  than  in  a  ship,  where  every  nook  and  corner  is  of  necessity  turned 
to  some  useful  purpose.    Another  kind  of  recess  may  here  be  mentioned.  In 
certain  positions  about  a  house,  Avherever  there  is  a  gas-bracket,  it  is  usually 
convenient  to  provide  a  box  of  matches.    It  generally  occurs  that  the  matches 
are  struck  on  the  surface  of  the  wall  near  tlie  gas-bracket— unless,  indeed,  the 
patent  safety  matches  are  used,  which  ignite  only  when  struck  on  tlieir  box— 
and  this  produces  an  untidy  appearance,  and  should  be  avoided.     If  a  small 
recess  were  made  in  the  wall  or  partition  Avherever  matches  are  likely  to  be 
required,  and  a  suitable  china  or  earthenware  match-box  were  fixed  therein,  Avith 
a  proper  place  in  front  for  striking  the  matches  on,  it  Avould  greatly  conduce 
to  tidiness,  while  the  extent  to  which  such  a  recess  could  be  arranged  as  an 
ornamental  feature  on  the  staircase,  landing,  or  elsewhere,  is  almost  unUmited. 
It  could  be  of  the  simplest  form,  or  it  might  be  arranged  somewhat  as  an 
adaptation  from  the  stoup  common  in  ecclesiastic  Gothic  architecture. 

As  recrards  means  of  communication  from  one  part  of  a  house  to  another,  the 
most  common  is  the  bell  with  wire  connections.  In  recent  years,  however,  other 
contrivances  have  been  largely  introduced,  and  are  found  to  possess  certain 
important  advantages.  Thus,  electric  and  pneumatic  bells  are  free  from  the 
inconveniences  so  common  with  ordinary  bells-namely,  the  stretching  of  the  wires 
to  such  an  extent  as  to  involve  difliculty  in  moving  the  bell  sufficiently  to  make  it 
sound.  The  mechanism  of  the  electric  and  pneumatic  bell,  especially  the  former  is 
far  more  simple  than  that  of  the  ordinary  bell,  with  its  innumerable  wires,  cranks, 
levers,  &c.,  all  of  which  are  easily  put  out  of  order.    The  pneumatic  bell  is  perhaps 
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„ore  easily  put  o„t  of  o.de.  a.an       ^tST^^/rlZ^^^i^h^W^  ^ 
tubing,  01-  the  india-rabber  bag,  .mmed.ate  y  unde   the  ,  ^^^^ 
pressure  from  the  finger,  being  mjured  so  as       '  '  «  =  "^^^^^       „f  ,  „,l,anio 
Lection,  while  the  electric  arrangemen  ^-'^^^-f  ^^^.j^^e  to  wk  for 
Vers.:nr:s'rf;:r  iH^t-U  ^r  of  arrangement. 

^£i±h-^;eStf:=J:i^^^ 

at  the  remote  end  of  the  tube-a  circumstance  not  always  to  be  desued. 

TheTeLX^^^^^  most  recent  invention  that  has  been  put  to  practical  use  as 
a  means       com^^^^^^  l-bably  at  present  only  in  its  infancy,  xn  this 

country  at  any  rate,  compared  with  what  it  will  doubtless  be  m  the  course  of 
a  few  more  years.    It  is  already  in  use  in  Canada  and  the  United  States  to  a  much 
™Ter  ei^ent  than  in  England'    Thus  Dr.  Mouat  tells  a  story  that,  -^^en  recently 
It  Toronto,  he  received  an  invitation  to  spend  an  evenmg  at  the  ?^ 
a  .entlemL  whose  place  of  business  was  in  that  city.    He  had  no  difficu  ty  ni 
Llg  his  way  to  the  house-a  few  miles  out  of  Toronto-before  dark,  but  later  in 
the  evening  he  began  to  consider  how  he  should  find  his  way  back  to  his  hotel 
there  bein|  no  available  vehicle  at  hand.    His  kind  host,  however,  soon  relieved 
him  of  his  difficulty  by  desiring  his  daughter  to  communicate  with  the  caretaker  at 
his  office  in  Toronto.    By  means  of  a  telephone  the  latter  was  directed  to  engage 
a  cab  at  the  stand  opposite  the  office  door,  and  direct  the  driver  to  proceed  to  fetch 
Dr  Mouat,  which  he  did  in  the  course  of  about  half  an  hour.    In  the  same  way 
telephonic  communication  may  often  be  usefully  provided  between  a  gentleman  s 
residence  and  his  stables  or  entrance-lodge,  as  well  as  with  his  more  remote_  place  of 
business.     Telephonic  commimication  is  also  provided  between  pohce-stations  and 
hospitals,  iu  order  that,  on  the  occurrence  of  an  accident  of  any  kind  in  which 
persons  are  injured,  the  hospital  authoiities  may  be  at  once  apprised,  and  prepare  to 
receive  the  patients,  or  indeed  send  the  ambulance  to  fetch  them. 

The  position  and  arrangement  of  the  gas-meter  and  gas-pipes  in  a  house,  like 
the  water-pipes,  is  a  matter  that  is  frequently  left,  in  a  great  measure,  to  the 
discretion  of  the  journeyman  gas-fitter.    The  position  of  the  gas-meter,  for  example, 
instead  of  being  where  it  can  be  constantly  under  observation,  is  generally  either 
on  some  high  shelf,  or  low  down  on  the  floor,  in  some  dark  and  inaccessible  cupboard 
iu  which  numerous  articles  not  in  frequent  use  are  stowed  away.     The  ordinary 
householder  usually  regards  the  gas-meter  with  a  certain  amount  of  indifference. 
He  feels  that  although  it  is  intended  to  serve  as  a  kind  of  check  against  his  being 
charged  for  more  gas  than  he  has  actually  consumed,  yet  there  is  a  degree  of 
mystery  about  it  that  it  would  be  useless  for  him  to  attempt  to  unravel ;  and  that 
practically  he  is  wholly  at  the  mercy  of  the  gas  company,  in  Avhose  interest  alone  the 
meter  will  keep  its  record.    It  is  surprising  that  so  responsible  an  instrument, 
and  one  which  is  to  be  found  iu  almost  every  house  and  building,  although  in 
reality  so  simple,  should  be  so  little  popularly  understood.    How  many  persons  are 
there  among  our  circle  of  acquaintances,  for  instance,  who  are  in  the  habit  of 
periodically  examining  the  index  of  their  gas-meter,  to  see  that  there  is  no  undue 
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meter  would,  nevertheless,  deem  t  l  mat  er  o/         .  ^^^"^^"^ 
or  xnonthl,  bill  from  the'  butl  r,  b  ket  or  oZ"'  '^'^  ^'^^^^ 

themselves  that  they  were  not  coiner  f     desman,  m  order  to  satisfy 

them.  ^  °*  P'^^y       ^^l^at  had  not  been  supplied  to 

me  .s  a  revolving  C-um  divided  into  thre:  o.-  t:T^J^^J^' ^^"1^ 


resembling  tl^e  b:;Lro7a  ^ tCi^Wc:  of  ^Mrr'"'"'^'  ■ 
one  af     the  other,  and  a.  one  compartC  reoom  .  eWed  "wS:  IT  T' 
mam,  it  passes  on,  making  way  for  the  next  „„1  ll  '     *  " 

service-nine     TI.„l,  f"''. 'Wivenng  its  contents  to  the 


The  dry  meter,  generally  shaped  more  like  a  square  box,  is  constructed  upon 
the  same  pnnciple  as  a  pair  of  bellows;  and  when  they  are  expa^X  a  plnS  ! 
of  gas  enters  at  an  inlet,  while  on  their  being  compressed  the  gas  is  xpelirat  an 
outlet  The  capacity  of  the  bellows,  or  flexible  chamber:  beilg Town  the 
quantity  of  gas  passing  through  it  can  be  registered  by  a  system  of  co.  wheels  a 
m  the  wet  meter.  In  the  dry  meter  these  bellows,  or  flexible  chamb^err  are  h 
le?vS5pes.  "  '^^P'y  to  the 

The  wet  meter  is  commonly  preferred  before  the  dry  meter,  as  it  is  held  bv 
some  to  be  more  durable  and  more  reliable  than  the  dry  meter;  but  as  a  set-off 
against  this  alleged  advantage,  it  has  to  be  borne  in  mind  that  if  fixed  in  au 
exposed  position  the  water  in  the  meter  may  get  frozen  in  very  cold  weather,  and 
thus  stop  the  supply  of  gas,  while  if  fixed  in  a  warm  place  it  will  evaporate  and 
pass  into  the  service-pipes  in  the  form  of  a  vapour,  and  there  become  condensed 
and  interfere  with  the  free  passage  of  the  gas,  thus  producing  a  flickering  or 
jumping  flame.    The  inlet  for  the  water  will  be  found  just  below  the  index-dials, 
and  the  outlet  for  surplus  water  near  the  bottom  of  the  front,  each  being  stopped 
by  a  screw-plug.    It  may  be  useful  to  remember  that  a  small  quantity  of  glycerine 
mixed  with  the  water  in  the  wet  meter  in  cold  weather  will  generally  prevent  the 
water  from  freezing. 

Tlie  index  of  the  gas-meter  is  a  simple  arrangement  of  dials  for  recording  the 
quantity  of  gas  that  has  passed  through  the  meter.  It  comprises  a  certain  number 
of  dials,  according  to  the  size  of  the  meter.  The  ordinary  wet  meter  for  ten  lights 
has  usually  three  dials,  one  recording  the  number  of  units  of  cubic  feet— tha?  is, 
up  to  nine ;  the  second,  the  number  of  tens  of  cubic  feet  up  to  ninety ;  and  the 
third  the  number  of  hundreds  of  cubic  feet,  up  to  one  thousand.  The  index  of  the 
wet  meter  has  the  word  "  cents"  written  upon  it  above  the  dials,  thus  indicating  that 
the  units  mark  imits  of  cents.,  or  units  of  hundreds,  of  cubic  feet ;  the  second  dial 
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ks  tens  of  cents.,  or  thousands,  of  cubic  feet;  whUe  the  third  dial  marks 
of  ints.,  or  t..  of  thousands,  of  cubic  feet.    A  small  xndex  xs  usually 
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Fig.  83.— Gas-meter  Index. 


provided  for  recoSng  the  passage  of  small  quantities  of  gas,  in  order  to  test 
accuracy  of  the  meter,  or  whether  any  leakage  of  pipes  is  taking  place 
premises.  When  the  hand 
on  the  first  dial  to  the  right 
("units"),  having  made  one 
revolution,  stands  at  zero, 
the  hand  on  the  second  dial 
("tens")  will  be  found  to 
point  to  the  figure  one,  signi- 
fying that  one  ten  cents.  ^  or 
hundreds,  of  feet  have  passed 
through  the  meter.  In  the 
same  way,  when  the  hand  on 
the  first  dial  has  made  ten 
revolutions  the  hand  on  the 
second  dial  will  be  found  to 
stand  at  zero,  and  the  hand 

on  the  third  dial  ("  hundreds  ")  will  stand  at  one,  signifying  that  one  hundred 
cents.,  or  ten  thousand  feet,  have  been  consumed.  When  the  hand  on  the 
third  dial  has  made  ten  revolutions,  it  indicates  that  ten  hundred  cents.,  or  one 
hundred  thousand,  cubic  feet  have  passed  through  the  meter,  and  the  system 
of  record  then  automatically  begins  again.  This  sometimes  may  puzzle  the  amateur 
observer  of  a  meter,  but  it  is  easily  explained.  If  at  a  certain  quarter-day  the 
index,  on  being  examined,  shows  that  98,500  cubic  feet  of  gas  has  been  consumed, 
and  at  the  next  quarter-day  it  shows  only  1,700  cubic  feet,  the  actual  quantity  that 
would  have  been  consumed  in  the  interval  between  the  examinations  of  the  index 
would  be  1,500  +  1,700  =  3,200  cubic  feet;  in  fact,  had  the  index  possessed  a  fourth 
dial,  as  found  in  large  meters,  it  would  have  shown  101,700  cubic  feet. 

The  piping  usually  adopted  for  laying  on  gas  is  of  wi-ought-iron  for  sizes  of 
half  an  inch  in  the  bore  and  upwards,  while  for  smaller  pipes  a  composition  of  lead, 
tin,  and  antimony  is  used.    These  pipes  should  always  be  fixed  in  such  a  position 
that  any  escape  of  gas  can  easily  be  detected.    If  let  into  the  wall,  they  are  liable 
to  be  affected  by  various  conditions,  such  as  settlements,  damp,  chemical  action,  &c., 
which  may  produce  leakage.    If  inserted  in  hollow  partitions,  a  leakage  of  gas 
might  be  exceedingly  dangerous.    Where  they  have  to  simply  traverse  a  hollow 
partition,  it  is  a  good  plan  to  insert  a  larger  pipe  through  the  partition,  and  to  lay 
the  gas-pipe  therein.    It  is  diflaculb  to  avoid  placing  gas-pipes  beneath  floor- 
boarding,  but  when  this  is  done,  the  boarding  over  the  pipe  should  be  screwed  down 
in  preference  to  being  nailed,  in  order  that  the  boards  may  more  readily  be  removed 
for  access  to  the  pipe.    A  hole  here  and  there  about  an  inch  diameter  is  very  useful 
in  the  floor-boards  over  the  pipe,  in  order  to  detect  any  escape  of  gas.    They  can 
be  stopped  with  corks.    Of  course,  any  examination  of  these  holes  must  not  be 
made  with  a  light  of  any  kind. 

Too  much  care  cannot  be  given  to  the  fixing  of  gas-pipes  and  fittings.  The 
joints  must  be  perfectly  sound,  and  made  so  as  to  remain  permanently  sound.  The 
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screwed  joints  in  iron  pipes  should  have  thinned  white  lead  rubbed  well  into  the 
thread  of  the  screw  before  being  brought  together. 

With  regard  to  the  burners  best  adapted  for  gas-lighting,  it  may  be  premised 
that  the  quantity  of  light  to  be  obtained  from  gas  is  dependent  on  various  circum- 
stances, such  as  the  pressure  of  the  gas  at  the  point  of  issue,  the  size  of  the  orifices  of 
the  burners,  the  temperature  of  the  surrounding  atmosphere,  the  quantity  of  air 
combining  with  the  gas,  the  quantity  of  gas  consumed,  the  form,  dimensions,  and 
materials  of  the  glasses  enclosing  the  flame,*  &c.  It  would  be  out  of  place  here  to 
go  minutely  into  all  these  several  points  of  detail,  but  it  will  be  useful  to  state 
that  when  gas  is  burned  under  excessive  pressure,  or  with  the  orifices  of  the  burner 
of  restricted  dimensions,  it  gives  little  or  no  light ;  and  in  proportion  as  the 
pressure  is  diminished  so  is  the  illuminating  power  of  the  gas  increased,  until 
arriving  at  the  point  where  it  is  consumed  to  the  greatest  advantage. 

In  order  to  control  the  pressure,  and  thereby  obtain  the  utmost  advantage  from 
the  gas,  various  kinds  of  "regulators  "  have  been  invented.  These  regulators'may  be 
applied  either  to  control  all  the  burners  on  the  premises,  or  only  a  portion  of  them, 
or  separately  to  each  burner.  The  regulator  applied  to  each  burner  is  held  to  be  tlie 
most  advantageous,  f 

Gas-regulators,  like  meters,  are  of  two  kind.s— "wet"  and  "dry"— the  simplest 
being  the  dry  regulator.  They  are  of  considerable  importance  to  the  consumer,  as  it 
is  said  to  be  by  no  means  an  uncommon  circumstance  for  a  saving  of  from  thirty  to 
forty  per  cent,  to  be  efiected  by  means  of  the  regulator,  without  reducing,  but  rather 
increasing,  the  amount  of  light ;  while  infinitely  greater  purity  is  obtained  in  the 
atmosphere,  owing  to  the  completeness  of  combustion  that  takes  place.  Eegulators, 
however,  are  not  generally  recommended  by  gas-fitters,  there  being  little  profit 
attached  to  them,  and  they  tend  to  indicate  any  defect  that  may  exist  in  the  fittings. 
Gas-fitters  have  been  known  even  to  remove  them,  on  the  plea  of  their  being  unneces- 
sary, or  an  impediment,  but  this  should  never  be  permitted  without  careful  examina- 
tion.    Some  so-called  regulators  are  merely  small  vessels  filled  with  tow,  cotton 

shot,  or  other  similar  material,  which  only 
obstructs  the  passage  of  the  gas  Avhen  the 
pressure  is  great,  while  it  prevents  a  proper 
and  sufiicient  supply  when  the  pressure  is 
weak.  Such  "  regulators  "  utterly  fail  to  fulfil 
the  desired  object,  and  are  neither  economical 
nor  advantageous. 

The  "  wet  "  regulator  (Fig.  84)  comprises  a 
sort  of  lightly-constructed  bell,  arranged  in  a 
metal  case  partly  filled  with  water,  to  rise  and 
fall  according  to  the  pressure  of  gas  beneath  it. 
Under  the  bell,  and  rising  above  the  level  of 
the  water,  are  the  inlet-pipe  and  the  outlet-j^ipc 
for  the  gas.  Into  the  mouth  of  the  inlet-pipe  is  suspended  from  the  top  of  the  bell 
a  conical  plug,  and  as  the  bell  rises  with  increase  of  pressure  of  gas  the  conical  plug 
obstructs  the  entry  of  the  gas.  The  lid  of  the  case  is  made  to  open,  in  order  to 
allow  the  bell  to  be  weighted  according  to  the  required  pressure. 

•  "  The  Manufacture  and  Distribution  of  Coal-gas,"  by  W.  Richards,  C.E.  t  Ibi4, 


Fig.  8-i.— Patent  Wet  Gas-regulator. 
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The  "dry"  regulator  (Fig.  85)  acts  in  a  somewhat  similar  manner  to  the  wet 
rec'ulator.  It  comprises  a  chamber  containing  a  lightly-made  diaphragm  something 
like  an  umbrella  formed  of  fine  leather  coated  with  some  protective  material,  and 
liaving  a  short  stick  with  a  conical  plug  at  the  bottom.  As  the  gas  rises  under 
tliis  cUapln-agui,  the  latter  ascends,  and  draws  up  with  it  the  conical  plug,  thus 


Fig.  85. — Patent  Dry  Gas-regulator. 


reducing  the  size  of  the  inlet  orifice.  An  arrangement  is  made  at  the  top  by 
which  the  shaft  to  which  the  diaphragm  and  conical  plug  are  attached  can  be 
weighted  according  to  the  desired  pressure. 

Another  and  convenient  patent  method  of  regulating  the  supply  of  gas  to  a 
house  is  by  inserting  into  the  pipe,  immediately  before  it  enters  the  meter,  a  stop- 
cock with  a  lever  attached.  The  ends  of  this  lever  are  in  communication  with  a 
hand,  resembling  the  hand  of  a  clock,  fixed  on  a  dial.  The  hand  is  made  to  move 
by  a  key,  and  as  it  moves  the  stop-cock  of  the  gas-pipe  is  turned  so  as  to  increase 
or  diminish  the  amount  of  gas  passing  through  the  latter.  The  hand  on  the  dial 
and  the  lever  are  so  adjusted  that  as  the  former  is  turned  so  as  to  point  to  figures 
on  the  dial,  these  figures  represent  the  number  of  burners  which  can  be  supplied 
with  the  apparatus  in  that  position.  Thus,  if  but  two  burners  are  required  at 
night  the  hand  is  pointed  to  II.,  and  no  excess  of  pressure  is  possible.  This  is  a 
very  great  advantage,  not  only  in  preventing  the  waste  of  gas,  but  in  diminishing 
the  probability  of  any  escape  through  any  weak  point  in  the  gas-pipes,  which  do  not, 
under  these  circumstances,  become  exposed  to  pressure,  and  it  has  therefore  a 
bearing  upon  health  which  is  sufficiently  obvious. 

This  regulator  can  be  placed  in  any  part  of  the  house,  and  the  entrance-hall  is 
usually  found  a  convenient  position  for  it  to  be  stationed. 
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CHAPTER  X7T. 

DWELLINGS  FOR  THE  POOR  AND  ARTISAN  CLASSES. 

Over-crowding— Effects  upon  Health  and  Morality— Necessities  of  a  Workman's  House— Back-to-Back 
HouaeB  — Plans  for  Labourers'  Cottages  —  Public  Lodging-liouses  —  Small  Blocks  of  Artisans' 
Kesidenoes— Larger  Blocks  and  Peabody  Buildings— Cottage-building. 

The  arrangement  of  a  comfortable  and  wholesome  house  for  the  poorer  classes  of  the 
wage-earning  community,  both  in  town  and  country,  is  a  matter  of  national  import- 
ance. If  a  separate  house  cannot  be  provided  for  a  family,  the  head  of  which  earns 
no  more  than  sixteen  to  twenty  shillings  a  week,  that  family  must  necessarily  share 
a  liouse  with  another  family ;  and  this  leads  to  the  system  of  lodging-houses,  in 
which  it  is  not  by  any  means  an  uncommon  occurrence  for  each  room  to  be  occupied 
by  a  different  family,  witli  the  result  of  overcrowding  and  consequent  offences 
against  health  and  morality. 

The  rapid  groAvth  of  large  towns  has,  in  many  instances,  undoubtedly  had  a  most 
prejudicial  effect  upon  the  dwellings  of  the  poorer  inliabitants.  It  has  often  hap- 
pened in  towns  where,  owing  to  the  development  of  some  special  industry,  the 
population  has  increased  Avith  unusual  rapidity,  that  the  necessity  for  additional 
houses  has  arisen,  and,  to  a  great  extent,  been  met,  before  the  I'ulmg  authority  of  the 
locality  was  prepared  with  efficient  means  of  regulating  the  arrangement  of  the  new 
streets  and  the  construction  of  the  new  houses.  Under  such  cii'cumstances  it  is  not 
surprising,  when  the  demand  for  building-land  has  considerably  enhanced  its  value, 
to  find  that  new  houses  are  packed  together  as  closely  as  possible,  wherever  space, 
however  small,  can  by  any  ingenuity  be  found.  The  result  of  this  is  to  be  seen  in 
the  narrow  streets  and  dark  ill-ventilated  passages  aiad  courts,  too  frequently  found 
in  numerous  large  towns. 

In  the  district  of  St.  Giles-in-the-Fields,  Dr.  Buchanaix,  when  Medical  Officer  of 
Health,  computed  that  there  were  upwards  of  seventy  courts  and  alleys  that  had 
either  no  thoroughfare  at  all  or  were  approached  merely  by  covered  entrances. 
Proper  ventilation  under  circumstances  such  as  these  is  not  possible.  HappUy  some 
of  the  worst  parts  of  this  particular  district  have  recently,  under  the  provisions  of 
the  Artisans'  Dwellings  Act,  been  entirely  cleared,  and  dwellings  of  an  improved 
character  are  in  course  of  erection.  Similar  improvements,  involving  enormous  cost, 
are  in  progress  in  other  parts  of  the  metropolis,  and  likewise  in  some  of  our  large 
provincial  towns ;  and  it  is  to  be  hoped  that  the  lesson  taught  by  these  expensive 
examples  will  not  be  lost  sight  of  in  the  future  by  those  who  have  yet  the  oppor- 
tunity of  regulating  the  arrangement  of  the  new  parts  of  large  and  increasing  towns 
and  urban  districts  generally. 

Another  result  of  the  rapid  growth  of  towns  is  the  corresponding  rise  in  value 
of  house  property,  the  immediate  effect  of  which,  on  the  labourmg  population,  is 
that  it  promotes  overcrowding,  with  its  attendant  evils.  Where  house-rent  is 
heavy,  the  amount  of  accommodation  available  for  each  family  will  be  propor- 
tionately small ;  hence  it  is  a  frequent  occurrence  for  a  house  originally  intended  for 
but  one  family,  though  in  point  of  actual  space  capable,  perhaps,  of  fairly  accom- 
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modatin-  three  small  families,  now  occupied  by  as  many  as  six,  or  even  eight  dis- 
tinct families,  averaging  sLx  or  seven  persons  iia  each.  With  all  this  oveix^rowdmg, 
the  sanitary  arrangements  of  the  house  (the  only  convenience,  probably,  being  one 
miserable  water-closet  in  the  back  yard,  supplied  direct  from  tlie  same  cistern  above 
it  which  supplies  water  for  the  whole  house)  are  merely  those  originally  provided, 
under  different  circumstances,  for  the  use  of  one  family.  The  conditions  of  health, 
decency,  and  morality  likely  to  obtain  in  such  a  house,  crowded  from  cellars  to 
attics  with  human  beings  of  all  ages  and  both  sexes,  may  perhaps  be  imagined,  but 
cannot  easily  be  described. 

Nor  can  it  be  said  that  a  very  much  better  state  of  things  exists  with  regard  to 
the  dwellings  of  the  poor  in  some  of  the  more  rural  parts  of  the  country.  The  farm 
labourer's  cottage,  consisting,  as  it  used  to  do,  of  one  or  two  rooms  with  a  tile  floor 
on  the  same  level  as  the  ground  outside,  or  perhaps  at  a  lower  level,  always  more  or 
less  damp,  and  saturated  with  the  dirt  of  generations,  under  a  roof  of  thatch  in  an 
advanced  state  of  decomposition,  with  small  ^vindows,  having  little  or  no  arrange- 
ments for  opening  them,  and  accumulations  of  filth  and  refuse  in  the  immediate 
vicinity  of  the  house,  often  saturating  the  walls,  is  still  to  be  met  with  in  many 
parts  of  the  country ;  but  to  the  credit  of  many  large  owners  of  property,  such  are 
now  being  superseded  by  a  better  class  of  house,  in  the  arrangement  of  which  some 
attention  has  been  paid  to  the  modern  essentials  of  health  and  decency. 

The  wretched  condition  of  the  habitations  of  the  working  class  in  England  is  of 
very  long  standing,  but  it  was  not  until  shortly  after  the  institution  of  the  Poor 
Law  Commission  that  public  attention  was  specially  directed  to  the  subject.  In 
August,  1839,  the  Poor  Law  Commissioners  were  directed  by  the  Queen  to  cause 
inquiry  to  be  made  as  to-  the  extent  to  which  the  causes  of  disease  stated  in  their 
fourth  and  fifth  annual  reports  to  prevail  amongst  the  labouring  classes  in  the 
metropolis,  prevailed  also  amongst  the  labouring  classes  in  other  parts  of  England 
and  Wales.    The  results  of  these  inquiries  were  subsequently  communicated  to  the 
Right  Hon.  Sir  James  Graham,  Bart.,  the  Home  Secretary,  in  July,  1842,  by  the 
eminent  early  Poor  Law  Commissioners,  George  Nicholls,  George  Cornewall  Lewis,  and 
Edmund  Walker  Head,  in  the  form  of  a  most  valuable  report,  compiled  by  their  secre- 
tary, Edwin  Chad  wick.  That  report,  which  is  illustrated  with  several  examples  of  the 
dwellings  of  the  working  classes,  seems  to  form  a  sort  of  starting-point  in  sanitary 
reform,  so  far  as  it  relates  to  habitations  and  all  that  concerns  them.    It  deals,  in 
the  broadest  manner,  not  only  with  the  general  condition  of  the  houses  themselves, 
but  with  their  surroundings  and  neighbourhood,  and  the  management  of  the  whole 
localities  of  towns  where  the  dwellings  of  the  working  classes  were  chiefly  congre- 
gated.   It  shows  how,  ''in  the  instance  of  migrant  families  of  workpeople  who  are 
obliged  to  occupy  inferior  tenements,  their  habits  soon  become  '  of  a  piece '  with  the 
dwelling."     It  gives  instances  showing  how  the  noxious  physical  agencies  of  a 
miserable  home  affect  the  character  and  condition  of  individuals  whose  previous 
training  and  habits  justified  the  expectation  of  better  results.    One  example  is  given 
in  detail  of  a  young  woman — a  servant,  highly  esteemed  for  neatness  and  cleanli- 
ness— who  married  a  serving-man.    He,  being  retained  in  liis  situation,  was  obliged 
to  take  a  house  as  near  his  employment  as  possible.    His  choice  was  limited  to  a 
few  cottages— or,  it  may  rather  be  said,  "hovels"— of  the  most  miserable  kind,  and 
tho  result  was  that  in  a  few  years  his  wife  so  degenerated  as  to  become  dirtv, 
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untidy-mdeed,  so  slatternly  that  her  husband  became  dissatisfied  with  her  and 
with  his  home;  and  had  she  and  her  family  not  been  removed  by  her  friends  to  a 
better  dwelling,  the  disadvantages  to  them  would  have  been  disastrous  The  report 
also  shows  how  the  atmosphere  of  the  old  style  of  cottage,  being  always  close  and 
polluted,  IS  one  of  the  agents  which  has  tended  more  than  almost  any  other  to 
depravity,  disease,  and  misery,  engendering  habits  of  improvidence  and  waste,  and 
affecting  the  nervous  system  in  a  manner  which  tends  to  incite  the  habitual  useof  spirits. 

The  working  classes,  whether  agricultural  or  manufacturing,  must  be  housed 
near  their  employment.  Apart  from  the  indirect  gain  consequent  upon  proximity 
to  the  employer  or  the  employer's  family  and  property,  there  are  immediate 
advantages  in  the  avoidance  of  risk  of  disease,  consequent  on  exposure  to  wet  and 
cold,  and  the  additional  fatigue  in  traversing  long  distances  between  the  home  and 
the  place  of  employment  in  the  damp  of  early  morning  and  nightfall.  When  the 
liome  is  near  the  place  of  work,  moreover,  the  labourer  is  enabled  to  take  his  dinner 
with  his  family  instead  of  at  the  beer-shop. 

These  considerations  have  led,  in  many  districts,  to  the  crowding  together  of 
dwellings  in  a  most  objectionable  manner. 

In  all  manufacturing  towns,  where  vast  numbers  of  persons  are  employed  in 
the  development  of  any  special  trade  or  business,  there  will  always  be  found 
numerous  families  with  but  small  means,  for  whom  it  is  essential,  if  due  regard  is 
had  to  their  health  and  habits,  tj;iat  small  separate  houses,  to  hold  no  more  than  one 
family  each,  should  be  provided.  These  houses  must  obviously  contain  a  certain 
minimum  amount  of  accommodation.  It  is  necessary  to  jirovide  a  living-room,  and 
also  separate  sleeping-apartments  for  the  parents  and  their  children.  Thus  there 
must  be  at  least  three  habitable  rooms,  while  for  those  families  where  the  children 
are  of  an  age  to  necessitate  their  being  separated — boys  from  girls — four  rooms  must 
be  provided.  This  sort  of  house  must  also  contain  a  small  scullery,  so  as  to  allow 
of  the  living-room  bemg  kept  moderately  tidy,  a  pantry  or  larder,  and  a  coal-cellar. 
It  should  likewise  include  a  washhouse,  the  requisite  water-closet  accommodation, 
and  a  dust-bin  or  receptacle  for  ashes  and  dry  house  refuse. 

In  the  manufacturing  districts  throughout  the  country  these  houses  are  very 
numerous,  but  the  success  with  which  they  have  been  arranged  differs  very  widely 
in  the  various  localities.  Efforts  have  been  made  in  many  ways  by  numerous 
philanthropic  individuals  and  societies  to  provide  imjDroved  house  accommodation 
for  the  wage-earning  classes,  and  such  efforts  have  generally  Ijeen  attended  with 
more  or  less  success.  Thus  by  degrees  the  more  serious  objections  to  the  kind  of 
houses  for  the  working-classes  formerly  built  in  the  busy  to-wns  of  Lancashire, 
Yorkshire,  and  some  other  counties,  have  been  reduced  to  a  minimum.  The 
houses  are  still  clustered  together  in  long  rows,  with  other  rows  attached  to  the 
rear,  as  in  the  plans  shown  in  Figs.  80  and  87,  and  thus  form  what  have  come 
to  be  known  as  "  back-to-back  "  houses  ;  but  the  surroundings — the  yards  and 
out-buildings — have  been  so  regulated  as  to  remove  many  of  the  defects  Avhioh 
combined,  in  a  great  measure,  to  create  the  objections  attributed  to  the  class  of 
house  itself.  The  particular  class  of  house  referred  to  is,  by  many  whose  opinions 
are  entitled  to  much  weight,  held  to  be  a  necessity  in  various  localities,  if  a  certain 
small  limit  of  cost  of  construction  has  to  be  observed;  and  though  the  peculiar 
arrangement  is  one  that  cannot  under  any  circumstances  be  recommended,  it  is 
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possible  to  very  materially  lessen,  if  not  altogether  remove,  some  of  the  worst 
defects  in  the  mode  hitherto  commonly  adopted  of  constructing  them,  and  thus, 
where  such  houses  are  found  to  be  a  necessity,  to  make  them  fairly  wholesome  abodes. 

As  instances  showing  how  the  "  back-to-back  "  system  may  be  carried  out  with 
a  considerable  degree  of  success,  the  SaviUe  estate  at  Thornhill,  near  Dewsbury, 


Pig.  86.— Chamber  Plan  CBooms  8'  9"  high.   Attic  ahove). 


Pig.  87.— Ground  Plan  (Rooms  9'  0"  high.  Basement  beneath) 
Ba(3k-to-back  Houses, 


and  Copley  Village,  near  Halifax,  may  be  pointed  out.  In  both  cases  all  houses 
that  are  built  are  arranged  in  accordance  with  certain  specific  regulations  laid  down 
by  the  respective  owners  of  the  estates,  and  intended  to  remove  the  more  serious 
objections  that  are  usually  associated  with  the  .tjystem.  Thus,  the  number  of 
back-to-back  houses  in  one  block  is  limited  to  four— two  to  the  front  and  two  to  the 
rear — so  that  each  house  shall  have  windows  or  other  eflScient  means  of  ventilation 
not  only  in  its  front  wall,  but  also  in  its  external  side  wall.  Adequate  space  is 
required  to  be  provided  between  the  adjacent  blocks  of  hou.ses ;  and  separate 
conveniences,  ash-pits,  &c.,  are  required  for  each  house.  At  Copley  Village, 
allotmenlrgardens  and  a  recreation-ground  have  been  provided  for  the  use  of  the 
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inhabitants,  also  a  church  and  a  school,  the  class-room  of  the  latter  scrviu-  as  a 
village  liln-aiy  and  news-room.  It  will  be  obvious,  however,  that  in  these  instances 
the  system,  being  carried  out  on  private  estates  and  under  catefully-framed 
regulations  rigorously  enforced,  is  applied  under  the  most  favourable  conditions,  not 
merely  as  regards  situation  and  arrangement,  both  external  and  internal,'  but 
also  of  quahty  of  construction.  The  circumstances  are  very  different  when  it 
is  applied  in  the  loAv-lying  parts  of  some  large  manufacturing  town  where,  owing  to 
the  value  of  land,  space,  both  within  and  without  the  houses,  is  curtailed  to*tho 
utmost,  and  the  buildings  are  allowed  to  be  constructed  by  speculating  builders, 
untrammelled  by  the  regulations  that  ai-e  so  essential  to  secure  even  a  moderate 
degi-ee  of  wholesomeness. 

Some  of  the  tenements  in  the  blocks  of  artisans'  and  labourers'  dwellings  that 
have  of  late  years  been  built  in  the  metropolis,  even  under  eminent  professional 
supervision,  possess  in  a  marked  degree  the  main  defects  of  imperfect  ventilation 
that  are  sujiposed  only  to  exist  in  "back-to-back"  houses.  The  tenements  iu 
question  are  arranged  back  to  back  against  a  central  division  wall,  in  large  blocks 
of  building,  several  storeys  high,  and  having  two  fronts.  Even  in  these  buildings 
the  ordinary  health  of  the  inmates  is  stated  to  be  fairly  good,  and  in  that  case  the 
arrangement  seems  to  go  far  to  prove  that  if  the  surroundings — the  privy  and 
especially  the  ash-pit  arrangements — and  the  smk  and  drain  connections,  are  what 
they  ought  to  be,  the  defects  which  were  formerly  attributed  to  the  absence  of 
means  of  through  ventilation  were,  in  reality,  due  to  other  causes.  It  remains 
to  be  seen,  however,  Avhether  the  alleged  healthy  condition  of  the  inmates  in  these 
huge  and  comparatively  new  buildings  will  be  maintained  when  the  tenements  have 
been  constantly  occupied  for  such  a  length  of  time  that  the  walls,  floors,  ceilings, 
&G.,  shall  have  become  saturated  with  the  continual  exhalations  of  their 
inhabitants. 

Wherever  possible — and  in  new  districts  and  buildings  it  ought  to  be  always 
possible — it  should  be  regarded  as  a  matter  of  primary  importance  for  purposes 
of  health  that  every  house  or  tenement  should  have  an  adequate  amount  of 
open  space  not  only  in  front  of  it,  ljut  also  at  its  rear ;  and  likewise  that  it  should 
have  windows  in  every  storey  overlooking  such  open  space  both  in  the  front  and 
real'.  By  this  means  it  will  be  possible  with  veiy  little  difficulty  to  secure  a  current 
of  air  through  the  house  at  all  times. 

In  order  that  this  arrangement  may  be  thoroughly  efficient,  it  is  necessary  that 
the  open  space  in  the  front  and  rear  should  be  of  sufficient  size,  and  that  the  distance 
across  it  to  the  opposite  building  or  property  should  be  such  as  will  alloAV  free 
circulation  of  air  about  the  building,  and  access  of  as  much  light  and  sunshine  to 
such  space  as  possible. 

In  front  of  the  house  the  street  is  generally,  though  not  invariably,  of  sufficient 
width  to  effect  these  objects;  but  instances  are  not  uncommonly  met  with,  even  of 
recent  creation,  in  which  a  house  is  so  placed  on  a  plot  of  ground  as  to  have  a  totally 
inadequate  amount  of  space  iu  front  of  it.  This  hajipens  soinetiuies  when,  as  in 
Fig.  88,  a  house,  or  a  row  of  houses,  is  built  in  the  back  garden  of  another  house,  a 
passage-way  being  afforded  thereto  by  the  side  of  the  front  house.  Such  instances 
ought  always  to  be  prevented,  and  the  local  building  regulations  should  be  so  framed 
as  to  render  such  an  arrangement  inadmissible. 
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The  requisite  amount  of  space  at  the  rear  of  a  house  should  extend  across  the 
entil  V  c  th  of  the  house,  and  ought  to  be  not  less  in  any  case  ^2^1^^ 
Uiftv  to  two  hundred  square  feet  in  extent ;  and  the  distance  across  this  space, 
?  oui  t^e  ear  111  of  the  house  to  the  opposite  property,  should  increase  in  proportion 
horn  the  leai  ^.^^i^^,^^,^  ^Ustance  being,  in  the  case  of  a  house  o£ 


to  the  height 


small  Iieight,  from 


ten  to  fifteen  feet  where  land  is  valuable,  but  more  where  a  larger 

extent  can  be  obtained.  „  ■,       c       ,  ia 

The  ordinary  labourer's  cottage  of  the  country,  for  the  sake  of  economy  is 
usually  built  either  in  a  row  of  several  cottages,  or  in  semi-detached  pairs,  and  two 
storeys  in  height.    The  ground- 
floor  rooms  should  not  be  less 
than  nine  feet,  and  the  upper 
rooms  eig  hb  feet  high.  The 
living-room,  being  the  principal 
room  in  the  cottage,  and  the  one 
used  in  common  by  all  the  in- 
mates, should  be  as  large  as 
circumstances  wUl  admit,  and, 
if  possible,  of  not  less  than  one 
hundred  and  fifty  square  feet. 
It  should  have  a  space  of  twelve 
feet  by  ten  feet  clear  of  the 
chimney-breast  and  other  pro- 
jections.    At  least  one  large 
cupboard,  lighted  if  practicable 
by  a  separate  window  to  open 
on  pivots,  should  be  provided 
at  the  side  of  the  chimney - 
breast.    Attached  to  the  living-room,  should  be  the  scullery,  containing  a  copper 
mth  furnace,  also  sink,  plate-rack,  &c.     This  room  should  have  a  superficial 
area  of  about  seventy-five  feet — a  proportion  of  about  10  feet  by  7  feet  6  inches 
forms  a  conv  enient  shape  for  a  cottage  scullery.     The  pantry  and  fuel-store  may  be 
entered  from  the  scullery,  either  on  the  same  level  or  by  a  flight  of  stairs  to  a  well- 
ventilated  cellar,  or  the  fuel  may  be  stored  in  a  shed  in  the  back  yard.    In  this  yard 
also  will  be  the  privy  accommodation  and  the  dust-bin.    The  staircase  should,  where 
practicable,  start  from  an  enclosed  porch,  giving  access  to  the  living-room.  The 
porch  is  useful  to  the  latter  as  a  protection  from  the  weather,  and  it  serves  for  the 
deposit  of  tools,  wet  outer  clothing,  boots,  die,  which  otherwise  would  have  to  be 
taken  into  the  living-room.    The  stairs  ascending  from  the  porch,  moreover,  are  not 
so  likely  to  serve  as  a  shaft  conveying  heat  and  vitiated  air  from  the  living-room  to 
the  bed-rooms. 

The  bed-rooms  should  be  as  large  as  the  circumstances  permit — the  one  for  the 
parents  should  have  a  floor-area  of  from  100  square  feet  to  120  square  feet,  and 
ought  to  have  a  fireplace  and  good  cupboard.  In  dimensions  12  feet  by  10  feet  would 
be  a  convenient  size.  The  two  bcnl-rooms  for  the  children  should  be  not  less  than 
50  feet  superficial  each  ;  one  of  them  could  probably  be  about  80  feet  superficial, 
which  Avould  answer  sufficiently  well  for  two  children.    If  a  fireplace  can  be  arranged 
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in  these  rooms  so  much  the  better.    It  is  desirable  to  .if.,.nv.fo  +i 

=i::r r  -^^^^^^ 

paL  oTcot^     T  "f"'"^  f""  ^"'"^^^^  °f        family.  A 

pair  of  cottages,  such  as  has  just  been  described,  ^vould  cost  probably  fully  £300  but 

00"  "  "^"""'^  ""-^  undesirable,  the  sL  of  some  of  tL 

00ms  be  shghtly  curtailed,  and  the  space  occupied  by  the  staircase  be  taken  off  th 
Jivmg-room,  some  reduction  from  that  sum  would  be  effected 

The  plans  on  page  169,  as  issued  by  the  Enclosure  Commissioners,*  show  a 
veiy  convenient  arrangement  of  a  pair  of  two-storey  semi-detached  cottages 
arranged  somewhat  on  the  plan  just  described.  The  rooms  are  of  fairly  Zod 
height  and  suitable  dimensions.  In  one  of  the  cottages  a  bread-oven  is  pro- 
vided m  the  scullery  in  addition  to  the  boiling-copper  provided  in  each  In 
many  parts  of  the  country  a  bread-oven  would  be  indispensable  in  every  cotta-e 
in  the  other  cottage  it  will  be  observed  that,  by  way  of  compensation,  the  chimirey 
opening  m  the  livmg-room  is  shown  to  be  of  greater  width  than  the  one  in  the 
cottage  with  the  oven.  This  would  allow  of  a  more  convenient  kitohen-ran-e 
being  provided,  one  containing  an  iron  oven  for  baking  meat,  bread,  &c.  " 

_  A  cheaper  kind  of  cottage  is  shown  in  Figs.  95  to  100,  page'l71,t  the  plans 
being  numbered  as  by  the  Commissioners.    In  these  the  accommodation  is  all 
on  the  ground  floor.     These  cottages,  which  are  recommended  by  the  Enclosure 
Commissioners  (and  are  designed  principally  for  Scotland)  comprise  in  Fig.  95  a 
living-room,   16  feet  by  12  feet,  and  two  bed-rooms,  13  feet  by  9  feet,  and 
10  feet  by  6  feet  9  inches  respectively ;  also  a  scullery,  good  entrance-lobby 
with  cupboard  and  a  pantry.    This  cottage,  as  will  be  seen  from  the  plan,  is 
intended  for  a  married  couple,  their  two  or  three  young  children  occupying  one 
bed-room,  while  the  living-room,  being  of  large  size,  would  admit  of  a  bed  being 
placed  in  it  when  the  children,  being  of  different  sexes,  would  need  separate 
bed-rooms.    Of  course  the  requisite  piivy  accommodation,  with  coal  and  wood  store, 
Ac,  would  be  arranged  out  of  doors,  but  the  plan  is  probably  the  least  costly  that  is 
possible  for  the  amount  of  accommodation  provided    In  Figs.  97,  98,  and  100 
there  are  thi'ee  distinct  bed-rooms  in  addition  to  the  living-room,  and  it  will 
be  observed  that  in  all  these  plans  the  rooms  are  to  have  a  minimum  height  of 
10  feet,  and  that  the  arrangement  provides  ample  means  of  thorough  ventilation  in 
each  cottage. 

The  ordinary  artisan's  house  in  the  manufacturing  to-wn  comprises  very  much 
the  same  accommodation  as  that  of  the  labourer's  cottage  in  the  country,  but  in 
consequence  of  the  increased  value  of  the  land  on  Avliich  it  is  built,  the  necessary 
rooms  and  offices  have  to  be  packed  closer  together  than  is  desirable  in  any  case, 
or  than  would  be  necessary  where  the  land  is  of  mere  agricultural  value.  Thus 
in  towns,  the  houses  are  necessarily  arranged  in  rows  with  only  the  minimum 
amount  of  open  space  in  the  front  and  rear  that  is  requisite  for  convenience  of  traffic 
and  circulation  of  air.  In  many  towns  Avhere  rows  of  liouses  are  built  attached 
to  each  other  back-to-back,  the  necessary  out-officos — jirivy  accommodation  and 
asli-pits  —  are  jilaced  at  intervals  between  blocks,  often  comprising  as  many  as 
sixteen  or  twenty  houses — eight  or  ten  facing  one  street,  and  the  same  number 

*  Sheet  ."5  of  Enclosure  Commissioners'  Designs, 
t  Sheet  2  of  Enclosure  Commissioners'  Designs. 
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at  tlie  rear  facing  another  street.  Thus  the  occupiers  are  subjected  to  the  serious 
inconvenience  of  having  to  go  a  considerable  distance  in  order  to  relieve  the  wants 
of  nature— an  arrangement  objectionable  on  every  ground,  and  opposed  to  common 
decency.  This  plan  is  unfortunately  not  confined  to  back-to-back  houses,  alone. 
In  some  of  the  principal  towns,  houses  having  open  space  at  the  rear  as  well  as  in 
front  are  still  to  be  found  with  detached  privy  accommodation  common  to  several 
houses ;  but  it  is  to  be  hoped  that  this  an-angement  is  being  prevented  in  new 
buildings,  and  remedied,  as  far  as  circumstances  permit,  in  the  case  of  old  buildings. 
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ENTR_ANCE 
Fig.  101.— Plan  of  Lodging-hjuse. 


In  the  Report  of  Mr.  Chadwick,  above  referred  to,  is  a  plan  by  the  late  Mr. 
Sydney  Smirke,  architect,  of  a  "Public  Lodging-house,"  which  is  probably  the  first 
suggestion  for  providing  a  block  of  apartments  for  the  labouring  classes.  It  con- 
sisted of  a  three-storey  building  arranged  as  shown  in  the  annexed  illustration 
(Fig.  101),  and  provided  fifty  or  sixty  separate  rooms.  This  step  was  followed  shortly 
afterwards  by  the  formation,  in  1844,  of  the  Society  for  improving  the  condition 
of  the  labouring  classes,  whose  object  was  to  provide  those  classes,  either  by 
alteration  or  adaptation,  with  suitable  dwellings  ;  and  from  that  time  that  Society 
and  others  moving  in  the  same  direction,  assisted  by  the  legislature,  have 
provided  blocks  of  artisans'  and  labourers'  dwellings  in  the  meti'opolis  and  other 
towns  of  the  kingdom. 

In  1851  the  above-mentioned  Society,  of  which  the  late  Prince  Consort  was 
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President,  exhibited  at  the  Great  Exhibition  in  Hyde  Park  i  blonV  i  i 

Erts^tl  T1  -"'^^  4nll  bT^'  C 

Roberts    F.S. A.,  tlie  Jxonorary  arclxitect  of  the  Society,  may  still  be  seen  at 

Kennington  where  it  was  subsequently  erected.  Each  of  the  four  rellencL 
contams  a  hving-room  U  feet  2  inches  by  10  feet  4  inches,  a  parents'  bedronT 
U  feet  5  inches  by  9  feet,  tv.o  smaller  bed-rooms,  for  children,  each  9  feet  by  5  feet 
2  inches,  a  small  scullery,  a  water-closet,  and  a  porch.  Except  that  the  children's 
bed-rooms  are  of  very  limited  size,  the  plan  (Fig.  102)  is  generally  satisfactory. 
The  construction  is  nearly,  entirely  of  hollow  bricks,  and  there  is  a  complete 
absence  of  timber  in  the  floors  and  roofs,  which  are  formed  of  hollow  brick  arches 
thus  going  far  to  make  the  building  safe  against  fire.  ' 
A  practical  example  of  what  may  be  done  by  a  large  employer  of  labour,  in 
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Fig.  102.— Block  of  Artisans'  Eesidencea. 


the  way  of  improving  the  condition  of  his  workpeople,  is  to  be  found  in  the  town 
of  Saltaire,  near  Bradford,  erected  by  the  late  Sir  Titus  Salt.  Here,  dwellings 
for  several  hundreds  of  workpeojile  have  been  built,  and  supplied  with  suitable  drain- 
age, water,  and  gas.  For  the  use  of  the  inhabitants,  a  church,  schools,  lecture-room, 
library,  baths,  and  washhouses,  and  a  large  dining-room,  with  kitclien  attached, 
liave  been  erected.  A  noteworthy  feature  in  the  scheme  is  that  no  iiublic-liouse 
or  beer-shop  is  to  be  found  on  the  estate.  Some  of  the  effects  of  providing  these 
numerous  workpeople  with  well-arranged  and  wholesome  dwellings  are  to  be  seen 
in  tlie  important  facts — that  the  rate  of  infant  moi-tality  is  very  low  as  compared 
with  that  of  the  neighbouring  town  of  Bradford,  and  that  illegitimate  children  are 
rare. 

Mucli  advantage  results  from  numerous  well-managed  building  societies. 
Akroydon,  a  village  erected  by  Mr.  Edward  Akroyd,  in  conjunction  with  the 
Halifax  Permanent  Benefit  Building  Society,  is  the  outcome  of  a  scheme  for 
enabling  workmen  to  become  possessed  of  healthy  and  well-built  houses.  By  an 
arrangement  with  the  building  society,  under  which  Mr.  Akroyd  undertook  to 
provide  the  plans  and  supervision,  and  to  defray  all  the  expenses  connected  there- 
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with  and  likewise  to  guarantee  the  fulfilment  of  the  contract  withm  the  estimate, 
workmen  were  not  only  able  to  purchase  their  houses  on  exceptionally  easy  terms 
but  had  the  additional  guarantee  that  they  were  acquiring  unusually  well-built 

''""r'somewhat  similar  scheme  to  the  foregoing  was  started  by  the  late  Sir  John 
Crossley  at  West  Hill  Park,  Halifax,  where,  by  the  co-operation  of  landowner 
and  building  society,  the  workman  finds  it  possible  to  become  the  possessor  of  a 
soundly-buHt  and  wholesome  house  at  practically  no  more  than  cost  price. 

In  some  of  the  large  provincial  towns  as  well  as  in  the  metropolis,  eflforts  have 
been  made  to  provide  proper  dwellings  for  the  poor  as  a  strictly  commercial 
undertaking,  and  these  efibrts,  vuider  judicious  management,  have  been  attended, 
in  many  instances,  with,  some  considerable  success.  In  London,  the  Industrial 
DwelHngs  Company,  of  which  Sir  Sydney  Waterlow,  Bart.,  is  chairman,  has 
erected  a  number  of  blocks  of  dwellings,  some  of  the  blocks  containing  twenty, 
some  sixty  or  a  hundred,  and  some  as  many  as  three  hundred  and  five  hundred 
distinct  dwellings,  each  dwelling  holding,  on  an  average,  four  or  five  persons.* 

By  the  munificence  of  the  late  Mr.  Peabody,  who  gave  and  bequeathed  altogether 
half  a  million  sterling  for  the  purpose,  the  poor  of  London  have  had  a  great 
benefit  conferred  upon  them  in  the  last  fifteen  years  by  the  erection  of  several 
blocks  of  improved  dwellings.  In  the  sixteenth  annual  report  of  the  trustees  of 
this  fund,  for  the  year  1880,  it  is  stated  that  as  many  as  2,-355  separate  dwellings 
have  been  provided.  These  dwellings  comprised  5,170  separate  rooms,  exclusive  of 
bath-rooms,  laundries,  and  wash-houses,  and  were  occupied  by  9,899  individuals. 
Additional  dwellings  were  then  in  course  of  being  provided,  which,  it  was  antici- 
pated, would  supply  further  accommodation  for  760  families,  or  upwards  of  3,500 
individuals.  The  dwellings  already  occupied  were  tenanted  by  families,  the  head  of 
each  of  which  earned  on  the  average  £1  3s.  4^d.  per  week,  and  the  average  weekly 
rent  of  each  dwelling  was  4s.  4|-d.,  and  of  each  room  Is.  ll^d.,  the  rent  in  all  cases 
including'"  the  free  use  of  water,  the  laundries,  sculleries,  and  bath-rooms,  by  the 
tenants.  The  rate  of  mortality  in  these  buildings  is  stated  to  have  been  19-71 
per  thousand,  which  is  2-49  in  the  thousand  below  the  average  of  the  metropolis 
for  the  same  period.  The  net  gain  for  the  year  from  rents  and  interest  (including 
£1,500  for  the  sale  of  a  plot  of  land)  was  about  £26,779,  which  exhibits  a  fairly 
satisfactory  result. 

There  has  been  much  improvement  in  the  arrangement  of  dwellings  in  blocks 
since  the  earlier  dwellings  were  erected.  In  Mr.  Smirke's  plan  of  1841  (see 
.Fig.  101,  the  rooms  were  arranged  along  both  sides  of  one  general  corridor  on 
each  floor.  More  recently,  in  some  of  the  earlier  erections  by  the  Peabody 
trustees,  a  main  corridor  likewise  forms  the  means  of  access  to  the  several 
dwellings  on  each  floor.  Even  where  this  coi'ridor  is  of  good  width,  however, 
with  windows  at  the  extremities  and  openings  in  the  staircases,  this  is  but  an 
unsatisfactory  arrangement.  The  corridor  prevents  the  families  from  having  that 
amount  of  privacy  and  independence  which  is  always  looked  for  in  the  residence  of 
every  class  of  Englishman.  The  corridor,  moreover,  is  always  difticult  to  ventilate ; 
and  unless  it  can  be  well  lighted,  which  is  almost  impossible  in  a  large  building, 
and  in  constant  communication  with  the  external  air,  it  is  a  source  of  danger 
*  Report  on  Poor-Law  Relief  in  St,  Pancras,  by  Tlios.  E.  Gibb,  Vestry  Clerk,  1879, 
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lather  thau  otherwise  to  the  residents  in  the  buikling,  smce  it  receives  the  vitiated 
aar  from  many  dwelhngs  and  as  some  of  them  cannot  fail  to  draw  a  portion  o 
heu-  supply  of  an-  from  the  corridor,  there  is  always  disadvantage,  and  occasionally 
danger  arismg  from  this  particular  arrangement.  The  corridor  plan,  having  room, 
along  both  sides  of  a  corridor,  is  now  very  generally  condemned  in  all  lar.e 
buildings  mtended  for  occupation,  whether  they  be  barracks,  workhouses,  schools 
or  otherwise,  as  it  is  impossible  under  such  an  arrangement  to  ensure  effectual 
ventilation. 

Another  defect  in  the  earlier  plans  for  blocks  of  dwellings  was  that  the  several 
blocks  were  directly  attached  to  each  other  at  right  angles,  so  as  sometimes  to 
form  four  sides  of  a  quadrangle.  Such  an  arrangement  is  always  objectionable, 
inasmuch  as  it  is  impossible  to  secure  a  free  movement  of  air  in  the  courtyard. 
This  arrangement  cannot  fail  to  produce  a  certain  amount  of  stagnation  in  the 
atmosphere,  and  as  some  parts  of  the  quadrangle  are  precluded  from  ever  receiving 
any  direct  sunshine,  there  is  a  most  objectionable  degree  of  dampness  and  unwhole" 
someness  in  the  air,  which  the  ordinary  arched  openings,  ground  storey  high  only, 
are  quite  insufficient  to  remedy.  In  every  case  where  several  blocks  of  building 
surroimd  an  open  space,  it  is  essential  that  they  should  bo  completely  separated 
from  each  other  at  the  ends  by  openings  20  feet  or  30  feet  wide,  so  as  to  allow  free 
circulation  of  air. 

The  most  satisfactory  arrangement  of  apartments  appears  to  be  that  by  which 
each  distinct  set  of  rooms  is  entered  directly  from  the  external  air.  This  is 
effected  either  by  providing  a  separate  main  staircase  open  to  the  outer  air  for 
every  two  vertical  sets  of  apartments,  or,  where  one  staircase  has  to  serve  for 
more  than  two  tenements  on  each  floor,  to  form  a  balcony  or  verandah  gallery 
along  the  outside  to  afford  access  to  the  several  tenements. 

In  the  class  of  building  under  consideration,  it  is  necessary  to  supplement 
the  accommodation  ordinarily  required  in  an  artisan's  cottage  by  some  few  con- 
veniences to  meet  certain  difficulties  that  would  otherwise  be  experienced  in 
consequence  of  the  absence  of  a  separate  yard  in  connection  with  each  tenement. 
Thus,  a  private  coal-store  has  to  be  arranged  conveniently  accessible  from  each 
tenement,  and  possibly  a  lift  for  raising  coals  to  the  several  floors.  Shoots  also 
have  to  be  provided  for  getting  rid  of  dust  and  refuse,  and  these  have  to  be 
arranged  so  as  to  preclude  the  possibility  of  their  acting  as  shafts  conveying 
unwholesome  air  from  the  dust-receptacle  at  the  bottom  into  the  apartments  on 
the  upper  floors.  Suitable  slop-sinks  are  likewise  necessary  in  the  ujjper  storeys, 
and  these  have  also  to  be  placed  in  such  a  position  as  to  render  them  free  from 
objection. 

Another  feature  that  has  been  successfully  introduced  into  these  tenement 
buildings  is  the  flat  roof,  which  serves,  when  provided  with  a  suitable  parapet,  as  an 
excellent  place  of  recreation  for  children.  It  is  also  frequently  used  as  a  drying- 
ground  for  wet  linen,  and  in  many  instances  suitable  washliouses  have  been  con- 
structed on  the  roofs  of  these  buildings,  for  the  use  of  the  several  occupiers  of  the 
tenements  beneath. 

It  has  been  stated  above  that  some  of  the  blocks  of  industrial  dwellings  com- 
prise several  hundred  tenements.  It  must  be  borne  in  mind,  howevei',  that  in  the 
metropolis,  at  any  rate,  there  are  certain  restrictions  to  which  the  tenements  in 
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l.uilcUugs  of  large  size  are  subject.  Thus  the  Building  Act  requires  that^  separate 
sets  of  cliambers  or  rooms  tenanted  by  different  ]iersons  shall,  if  contained  in  a 
building  exceeding  3,G00  square  feet  in  area— i.fi.,  60  feet  by  GO  feet— be  deemed 
to  be  seimrate  buildings,  and  be  divided  accordingly,  so  far  as  they  adjoin  vertically, 
by  pai-ty  walls,  and,  so  fVir  as  they  adjoin  horizontally,  by  party  arches  or  fireproof 
floors.  This  regulation,  which  is  primarily  intended  as  a  precaution  against  fire, 
is  of  some  advantage  in  a  sanitary  point  of  view,  inasmuch  as  it  tends  to  insure 
the  complete  isolation  of  the  several  families  occupying  the  block  one  from  another. 

An  element  of  vital  importance  in  the  consideration  of  any  kind  of  improved 
dwellings  for  the  wage-earning  classes,  whetlier  it  be  the  country  labourer's  cottage 
or  the  blocks  of  dwellings  for  the  mechanic  of  the  toAvn,  is  the  choice  of  materials 
and  the  mode  of  construction  to  be  employed.  In  country  places  the  choice  of 
materials  will  be  to  a  great  extent  limited  by  local  products  and  considerations  of 
carriage,  labour,  etc.  Local  prejudicis,  too,  must  be  taken  into  account,  and  old 
customs  ought,  so  far  as  they  are  compatible  with  true  sanitary  laws,  to  be  freely 
adopted.  Probably  one  of  the  most  injurious  customs  of  ordinary  cottage  and  farm- 
house building  is  that  of  paving  the  ground-floor  rooms  with  bricks,  often  of  a  very 
porous  nature,  and  laid  on  the  earth  without  any  intervening  bed  of  concrete.  For 
many  reasons  it  is  frequently  undesirable  to  floor  the  lowest  storey  of  a  labourer's 
cottage  with  wood.  While,  therefore,  it  may  be  necessary  to  retain  the  old  method 
of  flooring  with  bricks  or  tiles,  it  is  of  the  utmost  importance  that,  whichever  of 
these  materials  be  used,  it  should  be  laid  on  a  solid  and  impervious  bed  of  concrete. 
In  very  damp  soils  the  concrete  should  be  covered  with  a  layer  of  asphalte  or  tar. 

Another  time-honoured  custom  pertaining  to  the  labourer's  cottage  is  that  of 
roofing  with  thatch.  Picturesque  and  warm  as  thatch  undoubtedly  is,  it  nevertheless 
has  disadvantages  which  quite  outweigh  these  qualities.  Being  entirely  vegetable 
in  its  nature,  it  is,  of  course,  subject  to  comparatively  rapid  decomposition,  which  is 
encouraged  by  alternations  of  drenching  rain  and  scorching  sun.  It  is,  moreover, 
of  a  most  inflammable  nature,  and  aflfords  unlimited  harbour  for  insects.  From  all 
considerations,  therefore,  of  healthy  dwellings  for  the  rural  labouring  population, 
thatch  should  be  dismissed  as  extremely  undesirable. 

In  most  country  places  the  casement  is  the  all  but  invariable  type  of  window, 
and  its  size  is  usually  small  in  proportion  to  the  size  of  the  room.  While  the 
size  can  be  increased  with  advantage,  it  will  frequently  be  found  advisable  to  retain 
the  casement  form  :  firstly,  because  it  is  a  form  to  which  many  people  are  greatly 
attached,  and  therefore  there  is  more  chance  of  its  being  properly  used  than  any 
form  would  have  to  which  they  were  unaccustomed  ;  and  secondly,  because,  in  many 
places,  there  would  be  a  difficulty,  or,  at  all  events,  increased  cost,  in  lepairiiig 
sliding  sashes ;  and  this  circumstance  would,  in  many  instances,  result  in  the  disuse 
of  the  window  for  purposes  of  ventilation. 

What  has  been  said  about  windows  applies  equally  to  doors,  stoves,  and,  in  fact, 
to  all  the  necessary  fittings  and  appurtenances  of  a  labourer's  cottage.  They  should 
be  as  simple  and  strong  in  construction  as  possible,  and,  as  far  as  practicable,  should 
take  the  form  of  those  habitually  in  use  in  the  locality.  Above  all  things,  it  is 
necessary  that  repairs,  when  required,  should  be  within  the  capacity  of  local°skill  to 
efiect. 

While  greater  latitude  in  the  choice  of  materials  is  available  for  the  artisans' 
16 
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dwellings  111  large  towns,  it  is  of  equal  necessity  to  select  only  sucli  materials  as  M-iU 
stand  the  test  of  the  wear  and  tear  necessarily  involved.  In  any  system  of  com- 
bined dwellings  it  ^yill  also  be  necessary  to  build  in  the  manner  best  fitted  to 
guard  against  fire.  AVhile  the  elements  of  strength  and  durability  are  necessarily 
provided  m  any  fire-jDroof  construction  worthy  of  the  name,  it  will  also  be 
found  that  the  nature  of  the  materials  used  is  such  as  to  comply  with  proper 
conditions  of  health.  Into  any  such  system  concrete  must  largely  enter.  As 
a  material  for  floors  it  is,  pi'obably,  umivalled,  while  the  improvements  whicli 
are  being  continually  made  in  the  manufacture  of  Portland  cement,  and  the 
attention  and  skill  which  is  being  devoted  to  the  application  of  concrete  to 
various  purposes,  point  to  almost  unlimited  possibilities  in  the  use  of  this 
valuable  material.  We  must  look  to  the  increasing  methods  of  application  of 
concrete,  both  to  constructive  and  decorative  purposes,  for  the  means  of  substituting 
a  hard  and  impervious  material  for  the  soft  and  perishable  wood  used  for  skirtings 
and  other  purposes. 

Fittings  of  every  description  must,  of  course,  be  of  as  strong  and  durable  a 
nature,  and  of  as  simple  a  construction  as  possible.  Any  delicate  mechanism,  or 
anything  which  can  easily  be  put  out  of  order,  is  inadmissible.  Pipes  for  conveying 
water  should  be  of  iron,  in  i^reference  to  lead.  All  such  fittings  as  taps  and  valves 
.should  be  of  the  simplest  kind,  and  as  strongly  made  as  possible.  Contrivances  for 
regulating  the  supply  of  water  should  be  fixed  in  positions  accessible  only  to  the 
proper  authorities  in  charge  of  the  repairs  of  the  building. 
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CHAPTER  XVII. 

COIIPOSITE  MIDDLE-CLASS  HOUSES. 

Evib  of  Ordinal^  Lodging-houses— Advantages  of  Houses  in  Flats— Exami>Ie  of  the  Plan  in  an 
"Island"  of  Eegent  Street— Advantages  and  Disadvantages  of  the  Plan. 

In   the   progress   of    improvement   in   the   arrangement   and   construction  of 
dwellings  in  large  towns,  the  wants  of  the  middle  classes  seem  to  have  been  almost 
wholly  lost  sight  of.     Whilst  on  the  one  liand  numerous  houses  or  suites  of 
chambers  arranged  in  flats  supply  the  wants  of  the  more  wealthy,  on  the  other 
hand,  the  necessity  for  the  provision  of  proper  dwellings  for  the  wage-earning 
classes  has  brought  into  existence  various  companies  and  associations  for  accom- 
plishing that  desii-able  object,  and  has  also  been  the  subject  of  a  special  Act 
of  Parliament.     The  artisan  can  take  his  choice  between  the  numerous  blocks 
of  model  dwellings  erected  specially  to  accommodate   him,  or,  if  he  desire,  a 
purer  air  than  London  affords,  he  has  only  to  travel  a  few  miles  out  of  town,  and 
he  will  find,  as  at  Shaftesbury  Park,  Battersea,  or  Queeji's  Park,  KUbuni,  whole 
towns  of  cottages,  also  specially  erected  for  his  convenience.    Nor  will  he  find  that 
the  bare  necessities  of  his  domestic  life  have  alone  been  provided  for.  Coftee 
palaces,  clubs,  schools,  baths  and  washhouses,  and  even  temperance  music-halls  are 
provided,  either  by  a  paternal  goA^ernment  or  by  the  contributions  of  individuals. 
With  all  this  patronage,  not  unfrequently  overdone,  of  the  working  man,  but  little 
or  nothing  has  been  done  in  a  like  direction  for  the  class  of  people  who,  while 
eai-ning  wages  frequently  less  in  amount  than  those  of  a  first-class  mechanic,  have 
nevertheless  constantly  to  preserve  an  outward  appearance  of  gentility  which  is  not 
essential  to  the  latter.    The  city  clerk,  or  the  assistant  in  a  shop,  has  no  choice  but 
to  make  the  best  of  a  room  or  rooms,  bearing  in  height  from  the  ground  an  inverse 
proportion  to  the  amount  of  his  income,  and  situated  probably  in  or  about 
Bloomsbury,  Olerkenwell,  or  else  in  sonje  more  distant  suburb.    Here  he  will  have 
to  retire  after  the  labours  of  the  day,  often  onerous  enough,  and  with  his  own  hands 
prepare  what  food  he  may  require,  or  obtain  it  at  the  nearest  eating-house.  Take 
an  ordinary  lodging-house  in  such  a  locality  as  Bloomsbury,  for  instance.  The 
house  itself  is,  including  basement,  five  storeys  in  height.     Originally  intended  for 
one  family,  it  is  now  inhabited  by  three  or  four.    The  basement,  dark,  damp,  and 
stuffy,  is  occupied  by  the  pi'oprietor  and  his  family.     In  rooms  seldom  or  nevei' 
visited  by  the  genial  rays  of  sunlight,  reeking  oft-times  with  the  foul  exhalations  of 
defective  drains  or  of  decaying  refuse  under  the  floor-boards,  the  accumulations  of 
years,  a  family  of  five  or  six  adults  pass  the  greater  part  of  their  existence.  The 
ground  floor  contains  the  "  parlours,"  front  and  back,  with  perhaps  a  third  room 
behind  all.    Tlie  first  floor  is  the  best  and  most  expensive,   the  "drawln<T- 
rooms"  being  in  point  of  size  and  position  the  most  eligible  in  tlie  house.  The 
two  remaining  floors  will  generally  be  found  to  be  further  subdivided,  and 
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lessening  in  value,  until  the.  attics,  the  most  exalted  in  height  but  the  lowest  iu 
pomt  of  rent,  are  reached. 

^  In  such  a  house  as  this  there  may  be,  and  frequently  are,  one  or  two  families 
in  addition  to  that  of  the  lodging-lionse  keepei-.  Tlie  discomfort,  the  want  of 
privacy,  the  absence  of  adequate  sanitary  appliances,  and  the  consequent  loss  of 
decency  and  lowering  of  the  moral  tone,  involved  by  such  a  state  of  affairs,  are 
at  once  obvious  defects. 

Nor  is  it  by  any  means  a  rule  that  each  tenant  is  lodged  entirely  on  one 
floor.  The  first-floor  lodger  may  very  possibly  have  one  room  on  the  top  floor, 
and  the  ground-floor  lodger  the  back  room  on  the  second  floor,  and  thus  tla; 
whole  system  is  so  mixed  and  the  tenancies  so  dovetailed  into  one  another  that 
privacy  is  reduced  to  a  minimum. 

When,  further,  it  is  remembered  that  the  safety  of  all  the  inmates  is,  to  a 
certain  degree,  in  the  hands  of  each,  the  consequences  of  a  fire  breaking  out  at 
night  would  be  terrible. 

What  then  is  the  remedy  for  all  this?  Surely  the  adoption,  in  the  case  of 
families,  of  a  system  of  dwellings  in  flats  of  a  class  intermediate  between  Victoria 
Street  and  Peabody  Square,  and  for  the  unmarried  men,  associated  homes  or 
chambers  on  an  improved  system  Nor  should  it  be  forgotten  that  some  provision 
nmst  be  made  for  the  increasing  class  of  young  women  who  have  to  seek  their  own 
livelihood  either  in  shops,  offices,  or  warehouses.  Something  has  been  done  in  this 
direction  by  the  Girls'  Friendly  Society,  w^ho,  in  1879,  opened  a  house  in  tlie 
neighbourhood  of  Holborn  for  the  accommodation  of  young  women  engaged  in 
business.  The  house  is  an  old  one,  and  not  specially  suited  to  the  purpose;  the 
best,  therefore,  had  to  be  made  of  existing  circumstances.  Three  rooms  on  the  first 
and  second  floors  were  divided  by  wood  and  glass  partitions  into  cubicles;  the  rooms 
on  the  top  floor  not  being  sufficiently  high  to  allow  of  such  an  arrangement  witli 
due  regard  to  ventilation,  were  simply  fitted  up  as  bed-rooms  for  two  or  more 
in  common.  The  ground  floor  serves  as  common  parlour,  with  a  room  for  study 
or  Avriting  behind.  A  large  and  unusually  light  room  in  the  basement  (the  window 
having  been  specially  formed  for  drawing  purposes)  forms  a  cheerful  and  con- 
venient dining-room.  The  management  of  the  house  is  in  the  hands  of  a  lady 
superintendent,  and  the  idea  which  is  prominent  in  the  whole  system  is  that  of  a 
home.  That  there  is  a  very  large  and  real  demand  for  accommodation  of  this  kind 
is  proved  by  the  ever-increasing  applications  for  rooms,  and  the  genuine  apjireciation 
by  the  inmates  of  the  comforts  afforded. 

Something  on  these  lines  seems  to  be  needed  to  meet  the  requirements  of  the 
very  large  number  of  single  men  of  varying  ages  who  are  employed  in  the  large 
mercantile  and  commercial  houses  in  the  City.  What  seems  to  be  required  is  a 
number  of  chambers,  some  of  which  may  be  arranged  in  pairs,  some  singly,  of  sizes 
and  rents  proportioned  to  varying  incomes,  with  a  large  common  room  available 
for  all  inmates.  On  the  ground  floor  of  the  house  there  might  be  a  restaurant,  but 
this  should  be  entirely  independent  of  the  chambers  above.  It  should  not,  in  fact, 
be  a  matter  of  necessity  for  the  inmates  of  the  chambers  to  use  the  restaurant 
at  all.  Perfect  freedom  on  this  point  being  granted,  it  would  probably  be  found 
that  in  practice  the  great  majority  of  the  inmates  would  make  use  of  the  restaui-ant 
if  it  were  efficiently  managed.    On  the  other  hand,  an  inefficient  restaurant  which 
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the  tenants  above  were  con.pelled  to  frequent  would  greatly  prejudice  the  use- 
less of  the  chambers  ;  while  it  is  doubtful  whether  the  occupiers  of  the  chambers 
above  would  be  alone  able  to  give  the  restaurant  sufficient  support  to  maintain  it. 
Without  e..pressing  any  opinion  on  the  vexe.l  question  of  total  abstinence,  it  may 
be  suggested  that  the  upper  part  of  a  large  coffee  tavern  offers  exceptional 
advantages  for  the  arrangement  of  bachelors'  chambers.  The  class  of  the  tavern 
would  probably  have  to  be  somewhat  different  from  the  majority  of  those  at  present 
opened  in  London,  but  this  could  probably  be  manage.l  by  increased  prices  and 

improved  accommodation.  c    i     j.    •  i 

The  question  of  how  best  to  provide  for  the  other  occupants  of  the  typical 
lodging-house-the  mairied  lodgers-leads  naturally  to  a  somewhat  more  com- 
prehensive subject.  The  manner  in  which  the  middle  classes  in  London  and  most 
of  our  gi-eat  towns  are  housed  may,  without  exaggeration,  be  said  to  be  bad  m 
principle  and  inconvenient  in  practice.  Excluding  suburban  houses  and  detached 
villas,  the  kind  of  house  to  be  found  in  such  a  street  as  Gower  Street  may  be 
taken  as  a  typical  example.  The  value  of  land,  a  necessary  element  in  all 
calculations  relating  to  house-building,  has  a  natural  and  obvious  tendency  to 
increase  with  increased  proximity  to  great  commercial  centres.  It  is  this  fact 
which  has  operated  to  cause  builders  to  erect  upon  the  narrowest  strips  of  land 
houses  whose  vertical  height  compensates  for  their  confined  area  at  the  ground- 
line.  This  piling  up  of  storey  upon  storey  between  two  party  walls,  each  storey 
containing  but  two  rooms,  has  become  a  tradition  of  which  it  will  take  years  to 
demonstrate  the  folly. 

Supposing  now  the  gi'ound  upon  which,  say,  six  of  these  houses  are  built 
is  vacant  and  available  for  building  purposes.  How  much  more  conveniently 
tliis  space  could  be  utilised  by  arranging  each  house  horizontally  instead  of 
vertically  %  And  not  only  so,  but  several  houses  of  various  sizes  could  be  arranged 
where  formerly  there  were  six,  each  one  a  copy  or  nearly  so  of  all  the  others. 
Even  in  the  matter  of  the  ground  at  the  back,  now  usually  the  undisputed 
domain  of  cats,  the  improvement  effected  by  the  demolition  of  the  five  party 
fence  walls  would,  by  throwing  all  the  gardens  into  one  of  fair  size,  make  it 
available  as  a  common  recreation-ground. 

The  wisdom  of  adopting  this  system  of  arranging  dwellings  in  flats  is  even 
more  obvious  in  the  case  of  shops.  In  a  paper  which  Mr.  William  H.  White, 
Fellow  and  now  Secretary  of  tlie  Royal  Institute  of  British  Architects,  read 
before  that  Society,  on  November  19th,  1877,  and  from  which  the  accompanying 
plans  are,  by  permission  of  the  Council  of  the  Institute,  reproduced,  an  island 
of  shops  in  Regent  Street  is  taken  as  an  example  of  the  existing  state  of  things, 
and  it  is  shown  how  the  same  space  of  ground  may  be  more  advantageously 
covered  by  adopting  the  system,  prevalent  in  Paris  and  the  chief  cities  of  the 
Continent  of  Europe,  of  dwellings  in  flats. 

Describing  the  island  (Fig.  103)  as  it  at  prest-nt  exists,  Mr.  White  says:  — 
"  Bounded  on  the  principal  side  by  Regent  Street,  it  has  Warwick  Street  on  the 
east.  Beak  Street  on  the  north,  and  Regent  Place  on  the  south.  .  .  .  Originally 
there  were  twenty-eight  shops  and  houses  upon  it :  there  are  now  only  twenty  ; 
and  this  apparent  radical  change  has  been  effected  without  much  visible  alteration 
in  the  exteriors.     The  two  houses  in  the  centre  fronting  Regent  Street  have 
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been  ama  gamated.  In  course  of  time  those  two  houses  have  absorbed  another 
house  at  the  back  of  them,  and"  possessing  a  froutage  in  Warwick  Street:  then 
two  more  houses  south  of  the  latter,  in  the  same  street,  have  also  been  absorbed 
Thus  five  houses  have  become  one  house.  At  the  corner  of  Beak  Street  and 
Kegent  Street  three  houses  have  become  one.  Again,  No.  138,  Regent  Street 
lias  run  through  to  No.  32,  Warwick  Street,  and  the  two  houses  are  now  one' 
In  Regent  Place,  two  houses,  forming  together  about  thirty  feet  frontage,  have 
become  one  house,  yet  the  character  of  the  construction  has  not  changed.  The 
main  divisions  between  the  twenty-eight  houses  still  exist;  only  holes,'\rge  and 


WARWICK  STREET 


REGENT  STREET 


Fig.  103.—"  The  Island."    (Original  State). 


small,  have  been  made  in  the  party  walls.    This  desire,  or  rather  necessity,  for 

natural  extension — for  extension,  that  is  to  say,  of  space  at  the  same  level  ■ 

is  experienced  all  over  central  London,  and  one  process  of  filling  up  the  internal 
Itreathing  area  of  an  island  of  buildings  very  much  resembles  another.  In  this 
instance,  twenty-eight  houses  Avere  built  close  together,  so  that  the  principal  front 
of  each  formed  the  continuous  elevation  of  four  streets.  The  twenty-eight  houses 
each  possessed  a  back  yard  or  garden,  and  though  it  was  only  possible  for  drauglits 
of  fresh  air  to  enter  the  internal  area  at  intervals,  still,  after  a  fashion,  it  was 
l)reathing-space.  Bit  by  bit  this  breathing-space  has  been  filled  up ;  half  a  dozen 
well-holes  remain  to  convey  light  and  air  to  the  lower  storeys ;  and,  including 
tlie  basement,  eacli  of  the  twenty-eight  (now  twenty)  houses  is  five  storeys  higli, 
the  top  storey  in  most  cases  being  contained  in  the  roof.  I  propose  to  show  liow 
this  island,  unhealthy  and  uncomfortable,  might,  under  the  Parisian  system  of 
plan,  be  liealtliy  and  comfortable ;  how  a  few  of  the  shops  might  have  the  means 
of  extension  at  the  same  level  larger  than  the  largest  shop  now  on  the  island  ; 
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o  V  t  J  ]    ;  '  '^'"^   ''''  «r-ted  over  then  • 

soJid  ^eltlcal  divisions;   how,  from   the  necessary  connection  of  the  internal 

"~irb  'n-  ~/f-^^'  «^Hng  np  of  those  lo:^^ 

^Mth  even   ow  bnildings  would  be  impossible;  how,  in  fine,  forty  shops  and  houses 

s  o  :  :r  1  ^'^  ^^^^P^  '^'^  °f  g-"-^  than  the  twei  ^ 

increasing  the  average  height  of  the  front  walls  " 

It  will  be  seen  by  the  plan  (Fig.  104)  that  the  island  is  divided  into  live  blocks 

ln.°^V  T'  ''P^''-'*"'^  ^^'-'y  There  are  in  all  twenty-one 

shops  these  are,  however,  readily  capable  of  enlargement,  by  throwing  one  or  more 
snops  together. 

Perhaps  the  most  conspicuous  features  in  the  plan  are  the  three  open  courtyards, 
two  of  which-  run  through  from  front  to  back.  These  courtyards  are  approached  by 
gateways  under  the  upper  floors,  and  afford  access  to  the  several  entrances  of  the 
Jiouses.  The  two  entrances  in  Warwick  Street  are  open  to  the  sky,  and  tluis  at 
once  an  advantage  is  gained  which  is  entirely  wanting  to  the  island  as  it  exists. 
Again :  if  the  total  frontage  absorbed  under  the  present  system  by  the  private 
entrances  be  calculated  at  three  feet  per  house,  it  will  be  found  that  eighty  feet  is  a 
moderate  estimate.  Allowing  sixty  feet  for  the  five  carriage  entrances  in  Mr.  White's 
plan,  a  clear  gain  of  twenty  feet  is  the  result.  In  seventeen  out  of  the  twenty-one 
shops  a  mezzamne  floor  is  formed  between  the  shop  and  the  first  floor.  This  floor  is 
intended  to  serve  some  useful  purpose  in  connection  with  the  shop,  as,  for  instance, 
sittmg-room,  work-room,  or  lavatory.  It  would  be  approached  by  a  small  staircase, 
specially  arranged  in  the  shop.  In  addition  to  this,  each  shop  would  have  the  base- 
ment immediately  beneath  it,  which  would  aff"ord  ample  room  for  storage  and  other 
purposes. 

The  item  of  sanitary  conveniences  in  the  shape  of  water-closets,  etc.,  does  not 
seem  to  have  been  completely  thought  out.  Too  often  in  London  shops  they  are 
relegated  to  some  dark  and  unveutilated  corner  of  the  basement.  It  woukf  not, 
probably,  be  necessary  to  provide  separate  accommodation  for  each  of  the  twenty-one 
shops.  Possibly  seven  sets,  or  perhaps  less,  would  be  sufficient.  It  would,  however, 
be  absolutely  necessary  that  they  should  have  ample  light  and  ventilation,  by  direct 
communication  with  the  external  air. 

Taking  now  the  upper  floors,  it  Avill  be  found  that,  in  all,  nineteen  houses,  con- 
taining together  one  hundred  and  forty-nine  rooms,  are  arranged  on  the  three  floors 
over  the  shops.  These  houses  are  of  four  sizes,  and  have  respectively  fourteen,  ten, 
nine,  and  five  rooms  each. 

The  largest  house,  that  marked  A  on  plan  (Fig.  105),  occupies,  with  its  courtyard, 
in  superficial  area,  nearly  one-third  of  the  whole  site.  It  is  approached  by  a  staircase 
opening  on  to  the  gateway  entrance  on  the  ground-floor.  Tiiis  staircase  is,  of  course, 
common  to  all  the  three  floors,  the  respective  i)rincipal  doors  of  the  houses  opening 
on  to  the  landings.  The  entrance  leads  to  a  spacious  hall,  in  M-hich  access  is 
obtained  to  a  hydraulic  lift.  The  jirincipal,  or  reception  corridor,  affords  access  to 
the  four  reception-rooms,  dining-room,  library,  and  two  drawing-rooms.  At  oaeli 
extremity  of  the  reception  corridor,  communication  is  had  witli  the  bed-rooms  on  tlio 
one  hand,  and  the  servants'  quarters  on  the  other.    The  family  bed-rooms  arc  tivo 
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in  number,  exclusive  of  a  dressing-room  and  the  day  nursery.  At  one  angle  of  the 
courtyard  is  a  batli-room,  while  at  the  other  end  of  the  corridor  a  water-closet  is 
placed  for  the  use  of  the  ladies  and  children.  The  service  corridor  leads  to  the 
kitchen — a  good-sized  apartment,  in  close  communication  with  which  is  a  coal-store. 
Here  an  omission  must  be  noted  which  is  certainly  at  variance  with  all  Eno-lish 
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notions  of  kitchen  economy;  this  is  the  absence  of  a  scullery.  The  arrangement 
and  internal  economy  of  the  ordinary  Parisian  kitchen  may  or  may  not  be  inttnitely 
superior  to  that  of  an  English  one;  it  is,  however,  essentially  French,  and  depends 
ior  Its  successful  management  on  conditions  entirely  different  from  those  of  an  En-lish 
household.  The  English  plan  of  subdividing  the  kitchen  department  into  kitchen 
scullery,  and  larder  is  one  which  cannot  be  discarded  or  revolutionised  by  a  msre 
stroke  of  a  pen.  Having,  said  this  much,  it  is  fair  to  say  that  the  omission  of  the 
scullery  is  almost  the  sole  fault  in  an  otherwise  excellent  plan.  Opening  out  of  the 
kitchen  on  the  one  hand  and  the  bed-room  corridor  on  the  other  is  a  wide,  open  ten-ace 
This  terrace  is  open  to  the  street  on  one  side,  and  to  the  courtyard  on  the  other.  It 
would  be  supported  at  each  end  by  columns,  and  protected  by  a  balustrade,  and,  as  the 
author  suggests,  would  be  the  back  yard  or  garden  of  .the  house,  with  the  advanta-e 
of  being  under  cover.  The  columns  might  be  decorated  with  creepers,  and  flowers 
and  shrubs  might  be  here  cultivated  with  advantage.  Here  also  might  be  performed 
such  work  as  knife-cleaning  and  brushing  clothes  and  boots.  The  great  value,  how- 
ever, of  this  terrace  is  the  communication  it  affords  between  the  courtyard  and  the 
street,  thereby  obviating  the  inevitable  tendency  to  stagnation  of  the  air  in  the 
former.  At  the  inner  end  of  the  terrace  is  a  lift,  for  raising  or  lowering  luggage  or 
stores  of  all  kinds.  The  larder  is  approached  from  the  teiTace,  as  also^is"  the 
.servants'  water-closet. 

Immediately  adjoining  the  kitchen  is  the  service  staircase,  answering  of  course 
to  the  tradesmen's  entrance  to  ordinary  houses.  Two  bed-rooms  for  servants 
is  all  the  accommodation  given  within  the  limits  of  each  house,  but  it  is  suggested 
that  additional  rooms  in  the  roof  could  be  readily  arranged  for  this  purpose. 
In  an  angle  of  the  service  corridor,  a  water-closet  is  arranged  for  the  male  members 
of  the  family.  Close  to,  and  communicating  with,  the  dining-room,  is  a  small 
pantry  with  a  cupboard  for  wine.  The  pantry  is  lighted  and  ventilated  only 
from  the  passage,  and  practically  is  little  more  than  a  serving-lobby.  The  very 
small  amount  of  space  allowed  for  the  storage  of  wine  seems  somewhat  at 
variance  with  English  notions.  More  extended  accommodation  could,  however, 
probably  be  provided,  if  required,  in  the  basement. 

There  are  necessarily  some  features  in  this  plan  new  and  unfamiliar  to  the 
English  mind.  One  of  these  is  the  gateway  entrance,  with  the  internal  courtyard. 
This,  however,  as  Mr.  White  justly  points  out,  is  an  arrangement  peculiarlv 
appropriate  to  the  English  climate.  The  gateway  would,  in  fact,  act  as  a  covered 
l)orch,  and  jieople  arriving  in  carriages  would  be  set  down  under  shelter.  Nor 
is  this  the  only  advantage  of  the  arrangement.  With  an  internal  courtyard 
accessible  from  the  street  to  carts  and  vans,  the  necessity  for  traji-doors  and  coal- 
shoots  in  the  public  pavement  is  at  once  abolished.  It  would,  of  course,  be 
necessary  to  pave  the  gateway  and  courtyard,  either  with  asphalte  or  wood,  in 
order  to  insure  a  minimum  of  noise. 

The  next  feature  is  one  of  internal  economy.  It  is  the  necessity  that  would 
exist  of  employing,  first  a  porter,  and  secondly  a  servant  whose  duty  would  bo 
to  attend  to  and  work  the  elevator.  The  ^lorter  would  have  to  be  in  attendance 
in  a  small  office  or  box,  specially  arranged  for  the  purpose,  and  Avould  have  to 
take  charge  of  letters  and  parcels  for  absent  tenants,  give  information  to  visitors, 
and  see  that  no  unauthorised  persons  gained  admission.     The  cleaning  of  the 
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courtyard  aucl  staircases  would  be  under  Iiis  charge,  and  he  would  also  have  to 
be  responsible  for  the  proper  disposal  of  the  dust.  Here  a  question  arises  of 
creat  sanitary  importance.  How  is  tlie  dust  and  other  refuse  of  houses  on  such 
I  system  to  be  disposed  of?  Clearly  the  system  in  use  over  the  greater  part 
of  London  of  storing  the  house-refuse  in  bins,  where  it  lies  perhaps  for  weeks, 
accumulating  and  decomposing,  until  the  perfunctory  duty  of  the  dust-contractor 
is  tardily  performed,  is  out  of  the  question  here. 

There  is  no  space,  happily,  for  the  familiar  but  unwholesome  dust-bin.  It 
appears,  therefore,  to  be  necessary  that  the  dust  and  other  refuse  should  be 
removed  daily.  In  order  to  facHitate  this,  each  house  would  have  to  be  provided 
with  a  light  iron  box,  possibly  on  wheels,  of  a  size  which  would  admit  of 
its  bemg  placed  on  the  lift.  These  boxes  Avould  be  emptied  by  the  porter  every 
morning  into  a  receptacle  of  sufficient  size  to  liold  their  united  contents,  which 
would  then  be  wheeled  by  him  to  the  street,  to  be  emptied  into  the  cart.  In 
many  parochial  eyes  this  is  a  proposal  of  a  revolutionary  nature.  It  is, 
nevertheless,  one  which  will  have  sooner  or  later  to  be  generally  adopted.  The 
hydraulic  elevator  would  require  the  constant  attendance  of  one  man,  and  this 
would  add  materially  to  the  rents  of  the  houses.  In  such  a  neighbourhood  as 
Regent  Street,  the  rents  obtainable  would,  of  course,  be  high  enough  to  cover 
an  expense  of  this  kind.  For  houses  of  a  more  economical  class  the  ajDparatus 
would  probably  have  to  be  dispensed  witli. 

The  above  description  applies,  with  certain  necessary  modifications,  to  the 
other  houses  in  the  island.  Since  the  paper  in  which  these  plans  were  enibodied 
was  written,  an  enormous  pile  of  dwellings  arranged  on  a  somewhat  similar  plan 
has  arisen  on  the  southern  side  of  St.  James's  Park,  of  which  it  may  be  said, 
without  much  fear  of  contradiction,  that  it  is  the  ugliest  building  in  London.  It 
does  not  need,  however,  the  erection  of  storey  upon  storey,  piled  one  upon  the 
other,  until  the  Avhole  looks  as  if  some  infantile  giant  had  been  playing  at 
building,  with  some  half-dozen  or  so  Gower  Street  houses  for  bricks,  to  illustrate 
the  possibility  of  adapting  this .  system  to  English  requirements.  The  aim  should 
rather  be  to  apply  the  principle  in  as  moderate  and  economical  a  fashion  as  possible, 
and  to  keep  the  vertical  height  within  as  small  a  compass  as  is  compatible  with 
sound  financial  considerations. 

One  more  point  as  to  building  in  flats,  whicli  applies  to  all  kinds  of  com- 
bined dwellings.  The  construction  must  througliout,  and  in  every  particular,  be 
fireproof;  and  particular  attention  must  also  be  given  to  the  arrangement  of  tlie 
staircases,  so  as  to  afford  ready  and  secure  egress  in  case  of  fire,  or  alarm  of  fire. 
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CHAPTER  XVITL 

FIREPROOF  CONSTRUCTION  AND  CONCRETE  BUILDING. 

lucombustible  Materials  not  Fireproof-Dangers  of  Iron  and  Stone-Various  Systems  of  Fireproof 
Floor^i-Introduction  of  Concrete- Concrete  for  Walls-Lascelles'  System  of  Concrete  Construction 
— Advantages  of  Concrete. 

A  VERY  important  subject  for  consideration  to  people  d\vel]ing  in  large  towns  is 
the  problem  of  how  to  construct  buildings  in  such  a  manner  that,  in  the  event  of  a 
fire  breaking  out,  the  fabric  of  the  building  shall  be  able  to  stand  uninjured  a  suf- 
ficient time  to  enable  the  flames  to  be  subdued,  and  also  that  it  shall  not  be  possible 
for  a  fire  in  one  house  to  be  communicated  to  the  houses  contiguous  thereto. 

As  described  elsewhere,  the  subject  is  one  which  considerably  exercised  the 
minds  of  men  in  the  middle  ages,  even  as  early  as  the  twelfth  century  in  England, 
and  measures  of  more  or  less  efficiency  were  constantly  being  taken  by  the 
citizens  of  London  in  order  to  check,  if  possible,  the  disastrous  consequences  of 
the  ever-recurring  fires.  The  great  fire  of  London  in  1666,  while  it  cflectually 
disinfected  the  city  after  the  Plague,  had  a  further  good  eflect  in  that  it  opened 
men's  minds  to  the  necessity  for  prohibiting  the  erection  of  wooden  buildings. 
Coming  down  to  later  times,  we  have,  at  the  early  part  of  this  century,  certain 
regulations  regarding  party  walls,  the  contact  between  timber  and  flues,  and  tlie 
use  of  timber  in  external  walls,  embodied  in  the  first  Metropolitan  Building 
Act,  which,  with  additions  and  improvements  in  later  legislation,  constitute  all 
that  has  been  done  up  to  the  present  time  to  ensure  anything  like  immunity 
from  fire.  That  these  regulations  fall  very  far  short  of  providing  anything 
deserving  the  name  of  firej^roof  construction  is  amply  proved  by  the  occurrence 
now  and  again  of  fii-es  which,  lilce  those  of  Tooley  Street,  in  1861,  and  the  City 
Floiu-  Mills,  in  1872,  result  in  the  total  destruction  of  large  and  modern  buildmgs. 

Again,  tlie  enormous  destruction  by  fire  of  buildings  supposed  to  be  con- 
structed of  fireproof  materials  in  Paris  during  the  reign  of  the  Commune  in  the 
year  1871,  and  in  Chicago  about  the  same  time,  proved  the  now  well-established 
fact,  that  incombustible  materials  are  not  by  any  means  necessarily  fireproof,  and 
not  only  so,  but  under  certain  conditions  are  very  much  more  favourable  to  the 
spread  of  fire  than  mateiials  ordinarily  regarded  as  the  reverse  of  fireproof. 

The  old  theory  that  iron  and  stone,  or  iron  and  brick,  were  combinations  wliich 
answered  every  purpose  that  could  possibly  be  required  of  firejn-oof  materials  is, 
on  examination,  found  to  be  perfectly  unsound.  Both  are  what,  in  the  ordinary 
meaning  of  the  word,  are  known  as  incombustible  materials ;  both,  however, 
are,  with  certain  limitations,  utterly  untrustworthy  as  fireproof  materials.  Captain 
Shaw,  the  chief  of  the  London  Fire  Brigade,  remarks,  "  When  it  is  rememberctl 
that  at  a  temperature  of  212°  Fahrenheit,  or  the  boiling-point  of  water,  cast  ii-on 
loses  about  fifteen  per  cent,  of  its  strength  ;  that  at  the  temperature  of  molten  lead, 
612°  Fahrenheit,  it  has  probably  no  strength  at  all ;  and  that  at  a  temperature 
of  2787"  Fahrenheit,  wliich  is  probably  much  below  that  of  the  centre  of  a  large 
building  on  fire,  it  becomes  liquid,  it  seems  advisable  to  supplement  this  material 
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With  some  other  more  trustworthy  iu  case  of  heat."*  This  opinion  is  amp  y 
L  e  out  by  the  experience  of  Mr.  R.  W.  Edis,  F.S.A.,  who  was  in  Pans  while 
the  fires  kindled  by  the  Communists  were  still  burning,  and  in  Chicago  during 
the  outbreak  of  the  second  fire  in  that  city.  Unprotected  iron,  whether  in 
floors,  columns,  or  roofs,  failed  everywhere:  "it  was  extraordinary  to  notice  the 
eccentric  forms  into  which  the  wrought-iron  roofs-notice  especially  the  roo 
over  the  Salle  des  Pas  Perdus  in  the  Palais  de  Justice-had  been  twisted;  wrought 
iron  -irders  of  immense  size  were  turned  about  by  the  flames  like  ribbon,  and 
uuistln  many  cases  have  been  heated  to  almost  fusing-point  ;  generally  the  walls 
were  very  considerably  damaged  by  the  expansion  and  twisting  of  the  ironwork 
in  and  on  them."t  The  floors  of  houses  in  the  newer  streets  were  generally  ot 
light  iron  joists  about  two  feet  apart,  the  interspaces  filled  vdth  plaster  of  Pans 
or  with  brick  or  tile  arches.  These  floors  proved  to  be  fireproof,  but  in  many 
cases  succumbed  through  the  failure  of  the  iron  supports. 

To  quote  once  more  from  Captain  Shaw :  "  A  fire  occurred  in  a  house  at  the 
corner  of  two  streets  supported  altogether  by  iron  columns,  and  at  an  early  stage 
of  the  fire  the  supports  softened,  and  the  house,  without  a  moment's  warning, 
fell  completely  down,  not  leaving  a  vestige  of  any  kind  except  a  small  portion  of  a 
chimney-breast,  to  show  where  it  had  originally  stood. "+  The  importance  of  an 
instance  of  this  kind  to  the  class  of  houses  with  large  shop-fronts  on  the  ground 
floor  can  hardly  be  over-estimated. 

The  conclusion  to  which  these  facts,  and  the  numerous  careful  experiments 
made  of  late  years,  lead  us,  is  that  if  ii-on  must  be  used  in  the  construction  of  a 
l)uilding  it  should  be  encased  and  protected  by  some  material  of  known  fire-resist- 
ing qualities.  Of  these,  fire-clay  and  concrete  are  the  most  efficient,  and  lend 
themselves  most  readily  to  the  exigencies  of  building  construction. 

Stone  as  a  material  for  floors,  vaults,  and  staircases  is  an  utterly  unreliable 
material  when  subjected  to  even  moderate  heat.  In  a  great  number  of  buildings 
in  Paris  a  coarse  limestone,  known  as  "  Calcaire-grossier,"  from  the  great  Paris 
basin  strata,  is  used.  Of  the  action  of  the  flames  during  the  Commune,  Mr. 
Edis  (in  the  paper  quoted  above)  says,  "Externally  the  beautiful  limestone,  so 
charming  in  its  capability  for  delicate  moulding  and  carving,  was  everyAvhere 
calcined  and  destroyed  wherever  the  flames  touched  it,  the  delicate  mouldings  and 
carving  were  licked  oflP,  as  it  were,  and  the  great  heat  so  shattered  the  freestone 
walls  as  to  utterly  ruin  them  architecturally,  and  so  calcined  them  as  to  render 
them  constractionally  unsafe,  while  the  action  of  damp  upon  the  burnt  limestone 
aided  its  disintegration  and  general  crumbling  away,  so  as  to  render  it  incapable 
of  bearing  any  weight,  and  in  many  cases  causing  the  walls  to  bulge  out  and 
fall."  Stone  staircases  where  supported  between  two  walls  appear  to  stand  heat 
fairly  well,  but  when  one  end  only  is  supported  by  being  tailed  into  a  wall,  the 
effect  of  heat  is  to  so  crack  and  splinter  the  stone  that  the  whole  staircase  falls. 
The  same  may  be  said  of  stone  balconies  and  floors.  Several  instances  are  adduced 
by  Captain  Shaw  showing  the  total  failure  of  stone  staircases ;  in  one  case,  that 
of  a  fire  in  a  private  house  in  which  two  lives  were  lost,  a  stone  staircase  which 

*  Fire  Sui-veys— 1872. 

t  "  Notes  on  the  Late  Fires  in  Paris,  1871 :  "  paper  read  before  the  Architectural  Conference,  1872. 
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reached  from  the  basement  to  the  landing  on  the  third  floor  was  totally  destroyed; 
a  wooden  staircase  which  reached  from  the  third  floor  to  the  roof,  two  storeys 
above,  though  burnt,  was  yet  sufiiciently  firm  for  the  firemen  to  walk  on  it  after 
the  fire  had  been  extinguished. 

There  are,  of  coui'se,  excei^tions  to  the  general  untrustworthiness  of  stone 
for  use  in  outside  walls.  Iri  the  course  of  the  discussion  on  Mr.  Edis'  paper 
quoted  above,  it  was  remarked  that  at  Chicago  the  only  stone  which  resisted  the 
action  of  fire  was  an  artificial  material.  Ransome's  artificial  stone  is  also  said 
to  have  the  power  of  resisting  fire,  and  specimens  of  Eeigate  stone  are  preserved 
at  the  ■  Guildhall  which  had  resisted  the  great  fire  of  London.  The  experiment 
made  by  Mr.  Whichcord  on  the  sandstone  selected  for  the  front  of  the  National  Safe 
Deposit  Company's  premises  in  Mansion  House  Street  will  be  referred  to  later  on. 

From  what  has  been  said  above  it  will  readily  be  gathered  that  it  is  possible 
to  have  a  building  formed  of  materials  in  themselves  incombustible,  but  whicli 
will  fail  lamentably  when  the  test  of  fire  is  applied. 

Indeed,  it  may  safely  be  affirmed  that  good  sound  wooden  floors  and  stau-- 
cases,  with  the  interstices  filled  with  pugging,  either  of  plaster  or  of  slag 
felt,  and  the  under  sides  well  protected  by  good  plastered  ceilings,  are,  especially 
if  the  wood  used  be  one  of  the  harder  varieties,  far  more  fire-resisting  than 
many  systems  of  so-called  fireproof  construction. 

It  is,  however,  necessaiy  in  many  instances,  to  cover  a  greater  span  without 
intermediate  supports  than  Avould  be  possible  with  a  purely  wooden  construction. 

In   order   to    meet  this 


difficulty  several  methods 
have  been  devised,  all 
founded  upon  the  funda- 
mental principle  that  iron 
when  used  in  fii-eproof  con- 
struction must  be  entirely 
incased  or  embedded  in  a 
material  of  tried  powers  of 
resistance  to  fire.  Some  of 
these  methods  wiU  now  be 
described, 

Fox  and  Barrett's  sys- 
tem consists  of  wrought- 
iron  gii'ders  placed  twenty 
inches  apart,  on  the  lower 
flanges  of  which,  and  at 
right  angles  thereto,  are  placed  rough  strips  or  fillets  of  Avood  about  one  inch 
square  and  half  an  inch  apart.  Concrete  is  then  filled  in  between  the  girders  and 
is  supported  by  the  fillets.  The  concrete  is  brought  to  a  height  of  three  inches  above 
the  girders,  and  can  then  be  finished  with  cement,  or  wooden  joists  and  floor-boards 
laid  thereon.  If  a  wood  floor  is  used,  the  joists  arc  cut  to  a  dovetail  section  to 
keep  them  firndy  in  theii-  places,  and  embedded  half  their  depth  in  the  concrete. 
The  under  side  of  the  wood  fillets  forms  a  key  to  the  plaster  of  the  ceiling 
(Fig.  lOG). 


Pig.  106.— Fox  and  Barrett's  System. 
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The  system  patented  by  Messrs.  Measures  and  Co.  is  a  modification  of  the 
forec^oin..  system.  The  iron  girders  are  placed  three  to  fonr  feet  apart,  and  an 
place  of  "the  wooden  fillets  small  iron  fillets  of  this  section  1,  nine  inches  apai^  are 
placed  on  the  lower  flanges  of  the  girders  to  support  the  concrete.  The  advantages 
of  this  system  over  Fox  and  Barrett's  appear  to  be  the  absence  of  wood,  and  the 
more  complete  protection  of  the  iron. 

Dennett's  system  consists  of  concrete  arches,  supported  on  iron  girders,  arranged 
in  spans  of  from  ten  to  twelve  feet.  The  concrete  used  has  sulphate  of  lime 
(-ypsum)  for  its  matrix.  The  advantage  of  this  material  is  that  it  does  not  lose  its 
cohesive  power  even  when  it  is  raised  to  a  white  heat  and  then  drenched  with 
cold  water.  The  floor  can  either  be  finished  with  cement,  asphalte,  or  wood 
bricks,  or  joists  and  floor-boards  can  be  laid  down.  The  arched  ceiling  can  either 
be  exposed  to  view  and  finished  with  a  plastered  surface,  or  joists  can  be  fixed 
to  the  lower  flanges  of  the  girders,  and  the  ceiling  lathed  and  plastered. 

Hyatt's  system  consists  of  Portland  cement  concrete,  enclosing  and  strengthened 
by  a  network  of  iron  bars  and  rods.  The  rods  run  transversely  to  the  flat  bars 
two  and  a  half  inches  deep,  which  are  fixed  on  the  walls  about  two  to  three  inches 
apart.  The  rods  are  a  quarter  of  an  inch  in  diameter.  A  temporary  scafltold  is 
fixed  underneath  the  framework  thus  formed,  and  the  concrete  is  thrown  on  to  a 
depth  of  about  four  to  five  inches.  When  the  concrete  has  set  the  scaflfold  is 
removed,  and  the  whole  is  found  to  be  a  solid  mass. 

Thuasne's  system  is  one  which  had  been  in  use  in  Paris'  for  some  years  before 
the  application  of  wrought  iron  to  the  purpose  had  been  introduced  into  this 
coimtry.  It  consists  of  wrought  iron  I-shaped  girders  arched  to  a  rise  of  about  ^-g^^, 
and  fixed  at  a  distance  of  about  three  feet  three  inches  from  centre  to  centre.  At 
right  angles  to  these  girders,  and  a  similar  distance  apart,  are  fixed  flat  iron  bars, 
or  inter-ties,  the  ends  of  which  pass  through  slits  in  the  wrought  iron  bands 
which  embrace  the  girders.  The  ends  of  the  inter-ties  are  secured  by  pins  on 
the  imier  side  of  the  iron  band.  At  right  angles  to  the  inter-ties,  and  about 
9  inches  apart,  are  laid  light  iron  rods,  about  half  an  inch  square,  secured  to  the 
inter-ties  with  wire.  Under  the  framework  thus  formed,  a  rough  centring  is 
fixed,  and  coarse  plaster  of  Paris  poured  in  to  a  depth  of  3  inches.  The  plaster, 
when  set  hard,  serves  to  stiffen  the  floor  and  also  to  form  the  ceiling.  To  a 
certain  extent,  also,  it  protects  the  ironwork,  but  it  cannot  be  said  to  be  a 
perfectly  satisfactory  fireproof  floor. 

The  systeme  Vaiox  is  a  modification  of  the  above,  as  also  are  several  other 
systems  in  use  in  Prance. 

The  system  known  as  "i^er  tubulaire"  (Fig.  107)  takes  its  name  from  a  girder 
of  peculiar  construction  invented  by  M.  Zores.  This  girder  is  best  described  as  being 
in  section  like  the  letter  A  minus  the  triangular  top.  The  girders  are  placed  at  a 
distance  of  2  feet  8  inches  from  centre  to  centre,  and  are  tied  together  at  intervals  of 

3  feet  by  flat  bar-iron  ties  |  inch  by  -^^  inch  bolted  to  the  bottom  of  the  flanges. 

Several  methods  are  available  for  finishing  this  kind  of  floor.  In  the  illustra- 
tion flat  arches  of  perforated  bricks  are  turned  across  from  girder  to  girder,  the 
spandrils  filled  in  with  plaster,  and  wooden  joists  and  boards  laid  over  the  whole. 
Aiiother  method  is  to  fill  in  between  the  girders  with  liollow  blocks  of  plaster 

4  inches  deep.    Iron  joists  may  also  be  substituted  for  the  wooden  joists,  and  the 
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Fig.  107.— Fer  Tnbulaire. 


ceiling  can  be  formed  witli  small  iron  laths,  leaving  the  space  between  the  floor  and 
ceiling  hollow. 

The  system  patented  l)y  the  late  Mr.  Matthew  Allen  is  probably,  on  the  whole, 
one  of  tlie  most  effective  as  well  as  one  of  the  most  economical  systems  yet 
invented.    The  result  of  many  experiments  in  the  manufacture  of  concrete  proved 

beyond  a  doubt  that  con- 


crete into  the  composition 
of  which  siliceous  materials 
largely  en  ter  is  more  readily 
injured  by  fire  than  con- 
crete made  with  a  material 
which  has  already  been 
burned.  In  accordance 
with  this  fact,  Mr.  Allen 
found  that  by  mixing  burnt 
clay,  or  the  slag  or  refuse 
from  gas-works,  with  Port- 
land cement,  he  obtained  a  concrete,  the  fire-resisting  properties  of  which  were  veiy 
great  indeed.  He  also  found  that  his  material  possessed  the  further  very  important 
property  of  great  tensile  strength.  The  fire-resisting  capability  of  concrete  thus 
made  j^roved  indeed  to  be  so  great  that  it  has  been  used  with  entire  success  as 
a  lining  for  furnaces. 

The  principle  upon  which  Mr.  Allen  worked  in  devising  his  fire-proof  floor  was 
not  that  the  concrete  should  be  supported  by  and  subsidiary  to  wrought  iron  girders, 
but  that  the  iron- work  and  the  concrete  should  mutually  su2)port  each  other,  and 
form  one  homogeneous  whole.  To  carry  out  this  principle,  he  adopted  a  system  of 
a  light  iron  framework,  or  skeleton,  which  he  clothed  with  concrete  as  the  bony 
skeleton  of  an  animal  is  clothed  with  flesh. 

The  framework  consists  of  bars  3  inches  deep,  1  inch  thick,  placed  on  edge  from 
wall  to  wall  2  feet  apart ;  at  right  angles  to,  and  across  these  bars  are  jilaced  i-inch 
iron  rods,  also  2  feet  apart.  Thus  a  network  is  obtained  with  meshes  2  feet  square. 
Underneath  this  network  a  temporary  scaffold  is  erected  and  the  concrete  thrown 
in  to  a  depth  of  7  inches.  When  the  concrete  is  sufiiciently  set  the  scaffold  is 
removed,  and  the  floor  is  ready  to  receive  whatever  finish  it  is  desired  to  jjut 
upon  it. 

Mr.  Allen  carried  his  concrete  construction  to  such  a  degree  of  perfection  that 
he  not  only  made  floox'S,  but  also  doors,  windows,  lintels,  and  staircases  of  the  same 
material. 

The  system  devised  by  Mr.  Wliichcord  (late  Pres.  R.I.B.A.)  in  the  construction 
of  the  National  Safe  Deposit  Company's  offices  in  Mansion  House  Street,  London,  is 
one  which,  though  applicable  chiefly  to  floors  of  very  large  span,  should  certainly 
be  noticed  in  any  description  of  fireproof  construction.  In  the  building  in  question 
a  large  area  had  to  be  floored  over  without  any  intermediate  wall,  and  with  only 
two  or  three  columns.  It  became,  therefore,  a  matter  of  necessity  to  use  deep 
wrought-iron  girders,  and  hence  any  system  of  embedding  iron  ties  in  concrete  was 
out  of  the  question.  The  problem  to  be  solved  was  how  to  clothe  these  iron  girdei-s 
in  such  a  manner  that  they  should  be  absolutely  safe  from  the  effects  of  fire.  The 
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solution  was  found  in  encasing  the  girders  with  fire-clay.  The  girders  thus  encased 
were  subjected  to  very  severe  tests,  the  result  of  which  proved  perfectly  satisfactory 
and  the  system  was  applied  to  the  iron  columns  as  well  as  the  girders.  In  the 
construction  of  this  building  another  difficulty  presented  itself.  Under  the  terms 
of  the  purchase  of  the  land,  the  material  for  the  exterior  facing  was  to  be  either 
marble,  granite,  or  stone,  brick  being  prohibited,  except  for  inner  walls  and  backings. 
It  became  therefore  necessary  to  select  a  stone  which  should  be  capable  of  resisting 
not  only  extreme  heat,  but  extreme  heat  alternating  with  excessive  moisture.  The 
stone  ultimately  selected  was  a  sandstone  from  quarries  near  Wrexham^  known  as 
"  Minera  "  stone.  A  cube  of  this  stone,  6  inches  square,  was  placed  in  the  centre  of 
!i  furnace,  and  left  there  for  an  hour  and  a  half.  It  was  taken  out  quite  perfect  and 
plunged  into  cold  water  without  being  in  the  least  degree  cracked  or  otherwise  injured. 

The  system  mvented  by  the  late  Mr.  Hornblower,  of  Liverpool,  has  not  been 
long  introduced.  The  principle  of  this  system  is  the  combination  of  iron,  fire-clay, 
and  concrete.  EoUed  iron  joists  6  inches  deep 
are  placed  at  intervals  of  2  feet,  each  joist 
being  contained  in  a  fire-clay  or  terra  cotta 
tube,  and  the  interstices  filled  with  concrete ;  in 
the  intermediate  spaces  between  the  joists  are 
placed  hollow  tubes  of  fire-clay,  and  the  wliole 
floor  is  then  tilled  in  with  concrete,  till  the  total 
depth  reaches  12  inches.  The  advantages  which 
this  system  presents  are  : — first,  the  absolute 
protection  aflbrded  to  the  iron  by  the  tubes  and 
tlie  concrete ;  and  secondly,  the  combination  of 
three  elements  of  strength,  iron,  terra  cotta  or 
fireclay  tubes,  and  concrete.  The  construction 
of  a  floor  by  this  system  is  very  clearly  shown 
by  Fig.  108.  The  \ipper  and  under  sixrfaces  of 
the  tii-e-clay  tubes  are  grooved  to  alFord  a  key  to 
the  ceiling  and  floor. 

The  bearing-power  of  such  a  floor  as  that  described  is  said  to  be  two  tons  per 
square  yai-d  with  a  span  of  18  feet  from  wall  to  wall.  This  is  of  course  much 
greater  than  would  be  needed  in  any  dwelling-houses,  Avhere  li  cwt.  per  square  foot 
is  the  Aveight  usually  allowed  for;  but  in  ball-rooms,  or  rooms  where  a  large  number 
of  persons  would  be  likely  to  assemble,  it  would  not  be  excessive,  lor  lesser 
spans,  and  for  ordinaiy  dwelling-house  floors,  joists  of  less  depth  and  a  modified 
form  of  tube  are  used.  The  floor  can  be  finished  in  any  way  desired  ;  parquetry, 
mosaic,  or  tiles,  can  all  be  laid  on  the  upper  surface  of  the  concrete,  or  the  floor  may 
bo  finished  with  a  smooth  surface  of  Portland  cement.  Tlic  cciHng  also  admits  of 
any  amount  of  i)laster  decoration,  and  without  the  chances  of  damage  incidental  to 
a  ceiling  fixed  to  a  wood  floor  with  wood  laths. 

Although  primarily  intended  for  floors,  the  system  is  obviously  capable  of  bein"' 
applied  to  walls  and  other  purposes.  ° 

A  system  has  been  devised  by  Mr.  Butler  for  rendering  an  ordinary  wooden 
floor  fireproof  by  incasing  wooden  joists  in  terra-cotta  or  fire-clay  slabs,  and  concrete 
or  plaster. 

17 


Fig.  108.— Horablower's  System. 
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E\-aus  ulul  Swain's  sybleiu  consists  of  ordinary  wooilon  joists  of  ;uiy  unifiTiii 
(luptli  and  any  thickness,  two  or  three  inclies  being  preferred,  jjluced  side  by  si<le 
close  together,  and  brought  hiterally  into  contact  by  bolts  or  spikes.  As  a  jn-otec- 
tion  to  the  underside,  fiat-headed  nails  are  driven  in,  and  the  surface  rendered  with 
a  thick  coat  of  plaster.  Thus  a  fireproof  floor  is  formed  almost  wholly  of  a  combus- 
tible material.  Solid  stairs  are  formed  on  this  system,  and  are  certainly  far  more 
secure  in  case  of  fire  than  stone  ones  would  be. 


COXCRETE  COXSTRUCTIOX. 

The  use  of  concrete  in  some  form  or  other  for  building  purposes  is  of  vei-y  ancient 
date.  The  ancient  Egyptians  made  the  foundations  of  tlieir  temples  -vsith  a 
concrete  of  stone  and  marble  cemented  together.  So  also  in  Greece,  the  founda- 
tions of  the  Acropolis,  and  the  central  inclined  plane  of  the  Propyltea,  were 
constructed  of  a  species  of  rubble-work,  which  may  be  termed  concrete.  Perhaps  a 
more  interesting  instance  of  the  vise  of  the  material  is  that  of  the  ancient  buildings 
of  Mexico,  the  foundations  of  which  were  constructed  either  of  pebbles  and  broken 
stone.s,  or  of  broken  stones  and  clay  firmly  compacted.*  Vitruvius,  in  his  famous 
work  on  Architecture,  written  in  the  first  century  of  the  Christian  era,  mentions  a 
method  in  use  amongst  the  Romans  of  building  rubble  or  concrete  walls,  faced  on 
both  sides  with  masonry.  This  he  calls  "  Eniphdoyi."  In  Palladio's  first  book  of 
Architecture,  published  at  Venice  a.d.  1520,  will  be  found  directions  for  forming  walls 
in  this  fashion,  and  also  for  building  walls  of  concrete,  which  lie  calls  "  lieimju'l",'^ 
or  coffer-work,  and  which  lie  says  "were  made  by  the  ancients  by  taking  planks 
laid  edgeway,  according  to  the  thickness  of  the  walls,  filling  the  void  with  ceuieiit 
and  all  sorts  of  stones  mingled  togethei-,  and  continued  after  this  mavmcr  from  course 
to  cour.sc."  The  process  is  in  fact  identical  with  that  commonly  in  u.se  at  thcpresejit 
time  in  forming  concrete  Avails.  . 

Until  within  comparatively  recent  times,  however,  the  use  of  concrete  was 
])ractically,  in  this  country,  restricted  to  foundations ;  and,  indeed,  for  that  purpose 
it  only  superseded  timber  almost  within  living  memory.  Notwithstanding  the  fact, 
that  in  1760,  Smeaton,  tlie  engineer  of  the  Eddystone  lighthouse,  recognising  the 
value  of  the  material  from  the  way  in  which  he  found  that  at  Corfe  Castle  it  had 
stood  the  test  of  centuries,  employed  concrete  in  locks  and  other  Avorks,  the  use  of 
it  did  not  become  by  any  means  general  until  the  beginning  of  the  present  century. 
The  interstices  between  the  piles  of  Waterloo  Bridge  were  filled  with  a  concrete  of 
Kentisli  rag-stone  and  liquid  mortar.  This  was  in  1811.  A  little  later  the  towers 
of  Millbank  Penitentiary  failed,  owing  to  the  uncertain  nature  of  the  soil  on  ^^•hlch 
they  were  built ;  they  were  underpinned  with  concrete.  From  that  time  to  the 
present  concrete  has  been  the  invariable  material  for  foundations. 

Before  proceeding  to  describe  the  practical  applications  of  concrete  to  construc- 
tional purposes,  it  will  be  well  to  give  some  slight  description  of  the  nature  and 
composition  of  the  material.  p   rrr  i 

Concrete  then,  as  its  nau.e  implies,  is  the  intimate  adnu.Kturc  of  dim-rcnt 
substances,  one  being  the  aggregate,  or  material  to  be  cemented,  the  other  the 
matrix,  or  cementing  medium.  The  aggregate  most  commonly  used  is  gravel,  tro.n 
AVhich  the  finer  parts  or  sand  have  been  separated.  This  forms  at  best  a  vrry  poor 
*  "  KB.ay  on  the  Nature  aiul  rropovties  of  Coucvele."   G.  Godwin,  K.I.l'.. A.  TransactiouB,  A  ol.  I.  l-so.. 
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ia.n-cdieut,  u.  U.e  nature  unci  fonn  of  the  stones  afford  but  .IjgUt  hold  to  tljc  cement 
or^Hine.  The  best  aggregates  are  stone,  burnt  baUast,  broken  pottery  breeze  or 
coke,  and  slag.  They  all  require  crushmg  or  grinding,  it  being  a  point  of  the  utmost 
importance  that  the  pieces  of  stone  or  other  material  should  be  angular,  and  not 
round  :  the  first-mentioned  varying  greatly  in  value,  some  stones  benrg  of  too  Iriab  e 
a  nature  to  make  good  concrete.  The  matrix  is  either  lime  or  cement  lor  orch- 
•  nary  foundations  lime  answers  every  purpose  sufficiently,  but  for  work  requmng 
-a-oat  strength  or  delicacy. of  finish,  Portland  cement  is  the  best  material  to  be  had 
and,  ui  fact,  is  indispensable.  Much  depends  upon  the  quality  of  the  cement,  and 
it  would  appear  that  old  cement,  while  taking  longer  to  set,  in  the  end  sets  harder 

than  fresh  cement.  £      i  • 

The  invariable  custom,  until  within  recent  times,  in  forming  concrete  foundations 
was  to  erect  a  staging  some  considerable  height  above  the  trench,  and  from  this 
elevation  to  pour  in  the  concrete.  The  idea  was  that  the  impetus  thus  given  would 
tend  to  consolidate  the  ingredients  and  insure  their  homogeneousness.  Recent 
experience,  however,  tends  to  upset  this  theory,  and  the  custom  is  now  merely  to 
wheel  the  material  to  the  trench,  and  gently  tip  it  into  the  required  position,  where 
it  is  carefully  rammed  down.  In  all  cases  care  should  be  taken  to  lay  each  course  of 
concrete  horizontally,  and  of  a  uniform  thickness  of  not  more  than  12  inches  throughout. 

Considerable  attention  has  of  late  years  been  paid  to  the  formation  of  yvaWs  in 
concrete.  Several  systems  have  been  devised  for  the  purpose,  most  of  wliich  consist 
of  filling  in  with  concrete  the  space  between  some  kind  of  framework  formed  for  the 
purpose.  The  primary  object  of  most  of  these  systems,  that  of  reducing  the  cost  of 
house-building,  has  as  yet  scarcely  been  attained  to  the  extent  that  was  anticipated  ; 
while  the  difficulty  and  great  cost  of  altering  a  house  built  of  solid  concrete,  would 
obviously  be  considerable.  Another  drawback  is  the  necessity  of  finishing,  except 
where  the  expense  of  sgraffito  or  other  forms  of  decoration  can  be  incurred,  with  a 
uniform  surface  of  cement ;  a  dull  cold  grey  colour  being  eminently  unsuitable  in  this 

grey  climate  to  the  exteriors  of  houses.   

A  more  important  property  of  concrete  as  a  material  for  external  walls  of 
dwelling  houses,  is  its  porosity,  and  at  the  same  time  its  power  of  resisting  saturation 
by  water.  In  the  investigations  made  by  Professor  Pettenkofer,  of  Munich,  it  was 
found  that  while  bricks  made  from  clay  were  completely  soaked  with  water  in  from 
9  to  12  hours,  it  took  from  55  to  190  hours  to  saturate  a  slag  brick.  These  slag 
bricks  are  simply  a  form  of  concrete  in  which  the  aggregate  is  the  slag  I'rom  iron 
furnaces. 

The  element  of  "permeability  to  air  is  a  matter  well  Avorth  attention  in  this 
country,  where  well-built  houses  are  frequently  made  as  air-tight  as  possible. 
Tho  following  extrfict  from  Mi\  H.  Reid'a  treatise  on  concrete  is  interesting,  as 
having  a  direct  l)earing  on  the  subject  of  health,  and  also  as  taking  a  somewhat 
different  line  from  that  usually  taken  by  authorities  in  this  country.  : — 

"An  hospital  at  George-Marien-Hutte  was  built  duiing  1870—71  of  these 
slag  bricks.  It  was  opened  in  1872,  and  in  June,  1876,  the  medical  superintendent 
testified  to  its  salubrity.  There  is  accommodation  within  its  walls  for  thirty-two 
patients,  twenty-eight  being  comfortably  placed  in  four  spacious  Avards  and  four  in 
separate  small  rooms.  The  walls  are  hollow,  having  an  air  space  of  2^,  inches,  and 
so  successful  is  tho  result  that  no  smell  of   hospital  air  is  observable  even  in 
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the  rooms  where  offensive  suppurating  wounds  are  treat^fl     AH  +i 

to  I  '         "  r""'  "      i-Pos»ibto.  without  furtl,er  i„vesU.,ati„„ 

LASCELLES'  SYSTEM  OF  CONCRETE  CONSTRUCTION. 

Perhaps  the  most  novel  application  of  concrete  to  constructional  purposes 
tl:7:^^  f\  -Senious  devLT] 

ev:^^   M  .T         /r^^  "^''^  ^^^'^  constructive  parts  of  which, 


IS 


ht: 
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The  object  sought  to  be  attained  by  Mr.  Lascelles  was  not,  however  ia,  the 
h  St  place  hre-proo   construction  so  much  as  an  economical  damp-proof  wLll  A 
w  11  of  T        V  "''""^"^  -^^^^^^  the  strength  of  the 

of  IS  the  damp.  The  bulk  of  th.  n.aterial  is  increased,  until  it  is  thought  the  wet  ^ill 
never  hnd  its  way  tiu-ough,  althougli  it  someti.nes  does  in  .spite  of  al!  precautious  - 

Ihere  can  bo  no  question  of  the  superiority  of  a  holloNv  wall  to  a  solid  one  for 
dwGlhng  Ixouses;  the  difficulty  to  be  overcou.c  is  the  increased  cost  and  bulk 
necessitated  by  the  former  kind  of  consti-uction. 

The  method  devised  by  Mr.  Lascelles  for  forming  a  hollow  wall  that  should 
be  at  once  economical  in  mexterial  and  in  space  may  best  be  described  as  consistin-^ 
of  two  thin  skms  of  concrete  fixed  on  either  side  of  a  supporting  frameworl/. 
iJie  framework,  which  may  be  of  wood,  iron,  or  iron  embedded  in  concrete,  muft 
Of  course,  be  of  a  sufficient  strength  to  support  the  various  floors  and  superstructure..' 
Ihe  skins  need  be  of  sufficient  tliickness  only  to  withstand  the  ordinary  wear 
and  tear  likely  to  occur.    Starting  then  with  these  conditions,  Mr.  Lascelles  erected 
a  pair  of  cottages  (Tig.  109),  the  outer  framework  of  which  was  composed  of  upri-ht 
\vooden  studs,  4  inches  by  3  inches,  3  feet  apart,  and  on  this  were  flistened  wltli 
ordmary  wood  screws,  slabs  of  concrete  comi)osed  of  four  parts  of  coke  to  one 
])art  of  cement,  with  two  rods  of  iron  one  eighth  of  an  inch  in  diameter  placed 
diagonally  in  the  centre  of  each  slab.    The  inner  faces  of  the  slabs  were  finislieil 
with  lime  and  sand,  the  wooden  framework  showing  in  the  rooms.     Two  defects 
made  themselves  known  in  these  cottages.     The  first  was  that  in  damp  weather, 
Avhen  the  rooms  were  full  of  moist  air,  on  the  lowering  of  the  temperature 
outside,  the  moisture  was  deposited  on  the  walls  in  the  same  way  as  it  is  under 
similar  circumstances  and  from  the  same  causes  deposited  on  the  window  glass. 
The  other  fault  was,  that  the  party  walls  proved  to  be  no  protection  wliatever 
in  the  matter  of  sound  i)assing  from  one  side  to  the  other. 

The  remedy  was  found  in  each  case  to  consist  of  doubling  the  concrete  skin  so 
as  to  form  hollow  walls.    At  the  same  time  it  was  found  practicable  to  reduce  the  . 
thickness  of  the  slabs  to  one  inch. 

A  more  extended  application   of  tlie  .system  is  shown  by  a  house  erected 
by  Mr.  Lascelles  at  Croydon,  and  illustrated  in  Tig.  110. 

The  whole  of  the  external  walls  of  this  house  ai-e  constructed  of  tlie  concrete 
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Slabs  described  above,  and,  as  ^vill  be  seen  from  the  sketch,  it  is  finished  outside  m 
i.nitation,  partly  of  brickwork  and  partly  of  weather  tiling. 

The  floors  also  are  all  formed  of  concrete  slabs.  The  ground  floor,  where  no 
cellar  exists,  is  floored  in  the  following  manner  :--at  intervals  so  placed  as  to 
catch  the  corners  of  four  slabs,  brick  piers  nine  inches  square  are  built,  and  on 
them  are  laid  the  .slabs.  The  joints  between  the  slabs  being  made  good  with 
cement,  the  ^vhole  surface  is  plastered  over  with  red  cement,  'thus  presenting,  an 


Fig,  110.— Concrete  House  at  Ckoydon. 


unbroken  face  over  the  whole  floor.  The  .space  under  the  floor  is  utilised  in  an 
ingenious  manner  for  the  admission  of  warmed  fresh  air  into  the  room  above. 
The  air  previously  to  entering  the  space  under  the  floor  is  pas.sed  over  a  series 
of  hot-water  pipes  which  are  used  to  heat  a  fernery.  The  floors  of  the  upper 
rooms  are  made  of  the  same  kind  of  slabs,  finished  as  to  their  upper  surfaces  in  a 
similar  manner.  There  being  no  plaster  ceiling,  the  under  sides  of  these  slaljs 
■were  visible  in  the  ground  floor  rooms,  and  it  became  necessaiy,  therefore,  to 
treat  them  in  an  ornamental  manner.  The  whole  of  the  floor  timbers  being 
also  visible  wei'e  wrouglit  and  moulded,  and  on  the  under  side  of  each  slab  where 
visible  between  the  joists  was  an  ornament  in  low  relief  ca.st  in  the  concrete. 
A  floor  fornind  in  this  way  possesses  two  distinct  merits,  the  fir,st  being  tliat 
the  surface  is  entirelv  unbrok(m,  and  there  are,  therefore,  no  crevices  or  cracks 
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tlu-oii-li  which  dust  or  dirt  of  any  kind  could  accumulate  as  in  an  ordniary  boarded 
iloorincr  The  second  is  that  it  is  entirely  waterproof;  liquid  spilt  on  it  could  nor 
percolate  through  to  the  underside.  What  is  not  quite  so  certain  is  wlietlier  a  floor 
formed  in  this  way  would  be  satisfactory  as  regards  the  transmission  of  sound. 
It  would,  of  course,  be  a  simple  matter  to  form  a  plastered  ceiling  in  the  ordinary 
manner,  and  to  fill  in  with  pugging  between  the  joists. 

The  house  is  roofed  wdtli  StaflTordshire  tiles  laid  in  the  ordinary  way.  A 
method  of  using  concrete  for  roofing  purposes  has  yet  to  be  devised ;  all  attomj.ts 
hitherto  having  failed  on  account  of  the  shrinkage. 

A  special  and  valuable  property  of  concrete  properly  made  is  the  ease  with 
which  ordinary  wood  screws  can  be  inserted.  This  being  so  there  is  no  difficnlty  in 
foi-ming  door  and  window-frames,  sills,  cornices,  chimney-pieces,  and  in  fact 
•everything  which  can  be  made  in  stone  or  brick,  and  a  great  many  things  hitherto 
regarded  as  only  to  be  made  of  Avood.  A  recent 
and  valuable  application  of  concrete,  suggested  by 
iNfr.  Alfred  Waterhouse,  A.R.A.,  is  that  of  bricks 
to  fasten  joinery,  to  supersede  Avood  bricks. 

Casting  ornament  in  concrete  has  been  already 
alluded  to.  The  material  has  iioav  been  brought 
to  so  high  a  degree  of  fineness  of  texture  that 
really  delicate  ornament  can  be  produced.  It 
seems  odd  to  mention  picture-frames  in  con- 
nection Avitli  so  rough  a  material  as  concrete ; 
it  is  however  a  fact  that  small  frames  Avith 
delicate  arabesque  ornament  in  Ioav  relief 
have  been  successfully  made  Avith  this  useful 
material.  Some  ornamental  chimney-pieces  of 
very  eftective  character  have  been  produced  in 
the  same  material. 

In  Fig.  Ill  is  an  example  of  the  application 
of  concrete  under  circumstances  Avliich  precluded 
the  employment  of  Avood.  In  a  studio  designed 
by  Mr.  R.  Norman  Shaw,  R.A.,  it  Avas  desired  to 
erect  three  projecting  AvindoAvs,  in  order  to  secure 
certain  special  conditions  of  light,  in  the  manner 
shoAvn  in  the  sketch.    It  Avas  found  that  if  con- 

stnicted  of  Avood  the  AvindoAv  Avould  infringe  the  provifsions  of  the  IMetropolitan 
Building  Act.  To  get  over  this  difficulty,  and  yot  retain  the  form  and  character 
of  tlie  Avindows,  the  frame-AVork  Avas  constructed  of  concrete,  streng-tlioned  A\-ith 
liglit  iron  rods. 

A  notable  specimen  of  the  application  of  concrete  Avns  o.vliibited  at  the  P.-n  is 
Kxliibition  of  1878.  A  house  is  a  prominent  position  in  the  Rue  des  Nations, 
was  erected  by  Mr.  Lascelles  from  the  designs  of  Mr.  R.  Norman  SliiiAv,  R.A. 
The  Avholo  of  the  various  parts  of  the  house  wore  made  in  London,  and  ereeted 
by  French  Avorkmen  under  the  superintendence  of  an  Englisli  foi-einan.  On  tlie 
Avooden  frameAvork  were  fixed  concrete  slabs  one  inch  thick  fast(>ned  with  scroAvs  ; 
on  these  .slabs  Avere  fixed,  in  courses  to  resemble  brickwork,  (liin   tiles  of  the 


rig.  111.— Concrete  Bow-window. 
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Sizes  of  bricks  and  half  bricks.  The  character  of  the  architecture  is  what  is 
iisually  known  as  Queen  .  Anne ;  the  front  being  divided  vertically  by  pilasters 
into  tliree  unequal  bays  witli  a  window  in  each,  the  wider  one  being  in  tlie 
centre.  On  the  ground  floor  is  a  projecting  window  corbelled  out,  and  having 
on  one  side  the  door  and  on  the  other  a  narrow  window.  Moulded  stringt 
eourses  immediately  over  the  first  floor  windows,  and  at  the  sill  level  of  the 
second  floor,  form,  with  the  pilasters,  panels  in  which  elaborately  carved  slabs 
are  inserted.  The  wliole  is  crowned  with  a  bold  projecting  cornice  enriched  with 
egg  and  tongue  moulding,  and  modillions.  The  pilasters  are  crowned  with  quasi 
Ionic  caps  with  wreaths,  and  at  the  first  floor  level  a  balcony  with  turned  balusters 
l)rqjects  along  the  entire  face.  The  whole  presents  the  appearance  of  a  carefully 
designed  brick  house  of  the  early  part  of  the  last  century.  With  the  sole 
exceptions  of  the  door  and  the  Avindow  sashes,  the  whole  of  the  exterior  is 
constructed  of  concrete. 

Tlie  advantages  of  entire  concrete  construction  for  such  purposes  as  hospitals, 
and  infirmaries  attached  to  schools,  and  other  buildings  of  a  kindred  purpose,  are 
manifestly  very  great.  And  this  is  more  especially  true  with  regard  to  buildings 
intended  or  likely  to  be  used  for  the  treatment  of  diseases  of  an  infectious  nature. 
The  advantage  in  the  latter  case  is  twofold  ;  for  not  only  Avould  a  building  construc- 
ted wholly  of  concrete  be  absolutely  washable  in  every  part,  but  it  could  be  so 
thoroughly  cleansed  and  disinfected,  that  it  might  witli  perfect  safety  be  occupied 
by  patients  s\iffering  from  a  totally  different  disease  within  a  few  hours  of  ios 
vacation  by  fever  patients.  The  complete  and  effectual  disinfecting,  and  thorough 
cleansing  of  such  a  building,  would  be  a  matter  of  comparative  simplicity.  Tliere 
would,  for  instance,  be  no  difliculty  in  raising  the  temperature  by  artificial  means 
to  a  point  of  sufficient  heat  for  disinfecting  purposes.  Again,  for  the  jmi-pose 
of  mer(;  cleansing  it  would  be  possible  to  jiour  into  the  house,  and  over  every  part 
of  its  interior,  a  powerful  and  continuous  jet  of  water  fi-om  a  hose  pipe. 
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CHAPTER  XIX. 

SMALL  SEMI-DETACHED  AND  TERRACE  HOUSES— HOME  HOSPITALS. 
The  usual  style  of  Small  Houses-Semi-detachea  Houses   at  EaUng-at  Watford-at  Mdhurst- 
Terrace  Houses  in  Telford  Park-Small  Houses  at  Queen's  Park,  Kilburn-Home  Hospitals. 

There  is  probably  no  class  of  clwelling-house  Avhicli  stands  in  more  need  of 
improvement  in  arrangement  and  construction  than  the  small  surbnrban  house  of  a 
rental  value  of  from  twenty  pounds  or  less  to  fifty  pounds  a  year.  The  increased 
vidue  of  all  land  available  for  building  within  reasonable  distances  of  large  com- 
mercial or  manufacturing  centres,  restricts  the  area  of  each  plot  of  ground  to  a 
frontage  line  of  from  fifteen  to  twenty  feet,  and  a  depth  of  from  fifty  to  a  hundred 
feet.  °Upon  a  site  of  this  shape  there  is  but  little  scope  for  variation  in  the 
disposition  of  the  rooms.  It  is  in  the  details  of  planning  that  every  conceivable 
error  is  commonly  made— and  in  dealing  with  this  class  of  house  it  should  lie 
remembered  that  a  f^xult  once  made  is  repeated  with  religious  strictness  in  all  the 
scores  of  houses  that  are  built  to  one  pattern.  The  need  for  attaining  a  very  high 
degree  of  excellence  in  a  plan  which  is  to  be  the  pattern  from  which  some  hundreds 
of  houses  are  to  be  built  will  be  apparent  to  all. 

An  additional  reason  for  insisting  upon  the  greatest  possible  amount  of  care  in 
planning  houses  of  the  class  now  under  consideration  is,  that  the  people  who 
iidiabit  them — clerks,  professional  men,  and  others — are  practically  comjDelled  to 
take  wdiat  they  can  get,  and  are  powerless  to  improve  Avhat  they  know  to  be  bad. 
To  take  an  ordinary  house  of  perhaps  £'iQ  per  annum  rent,  in  any  one  of  the  now 
thickly  populated  suburban  districts  w^hich  a  few  years  ago  were  country  lanes 
and  fields  :  the  front  door  is  at  the  side,  and  opens  on  to  a  narrow  passage  three 
feet  wide  at  the  most,  which,  when  the  door  is  shut,  is  in  a  state  of  almost  absolute 
darkness.    Perhaps,  however,  the  builder  has  liethought  himself  of  this  point,  and 
formed  over  the  door  a  glass  fanlight.     This  fanlight,  however,  being  the  only 
and  obvious  means  of  ventilating  the  hall  and  staircase,  is  hermetically  sealed. 
Tlie  fir.st  door  to  be  approached  is  that  of  the  front  parlour ;   a  pleasant  room 
enough,  with  a  bay-window,  Avith  its  array  of  that  be.st  of  all  decorations,  natural 
How(>,rs.    The  attention,  however,  is  soon  attracted  to  cei-tain  disfiguring  stains  on 
tln!  walls,  rising  in  unequal  patches  from  the  skirting;  and  which,  being  obviously 
(lain]),  coimect  themselves  instinctively  with  a  certain  mouldy  smell  perceptible  in  the 
.room.    The  cause  of  both  smell  and  stains  is  not  far  to  seek ;  it  is — no  damp-proof 
course,  and  no  concrete  under  the  fioor.    The  ultimate  effect  will  undoubtedly  bo 
dry-rot  in  the  floor  timbers,  and  destr\action  of  paper  after  paper;  until  at  last  the 
encniy  is  attacked  at  the  root,  and  at  great  cost  the  damp-proof  course  is  inserted, 
t  lie  ground  under  the  floor  is  removed,  and  concrete  laid  down. 

Behind  the  last-nanuid  room,  and  possilily  opening  into  it  with  folding  door; 
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smaller  room,  about  which  there  is  nothing  particular  to  be  remarked,  except  that 
its  smaller  size  is  necessitated  by  the  additional  width  required  for  tlie  stairs  and 
])assii,gc  at  the  side,  while  its  outlook  at  the  back  is  narroM'ed  by  the  projoctinf 
block  of  domestic  offices. 
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In  this  pvqi^ctiou  18  sitaatecl  the  kitchen  ;  whicl,,  being  tlie  room  that  by 
reason  of  the  heat  of  the  five,  and  the  necessity  for  its  bein.  in  use  dnrin. 
the  heat  of  summer  as  in  the  depth  of  winter,  stands  most  in  need  of  an  ample 
supply  of  air  and  ventilation,  is  considerably  smaller  as  to  area,  and  some  two  feet 
ower  m  height  than  the  rest  of  the  house.  Here,  from  innumerable  crevices  in 
boards  and  plaster,  swarms  of  black  beetles,  emerging  at  night  time,  pervade  everv 
accessible  spot.  A  wholesale  slaughter  now  and  then  does  not  tend  to  improve 
matters  by  leaving  hosts  of  bodies  of  defunct  insects  to  the  process  of  decay.  A 
solid  iloor  of  concrete  and  wood-bricks,  such  as  has  been  described  in  a  preceding 
chapter,  would  provide  a  lasting  and  not  inexpensive  remedy  for  this  abominable 
post. 

Adjoining  the  kitchen  a  small  dark  and  damp  recess  contains  a  sink,  and  is 
called  the  scullery  ;  while  side  by  side,  and  with  carefully  arranged  facilities  for 
ventilating  the  one  into  the  other,  are  the  servant's  water-closet  and  "the  larder;  and 
at  a  few  feet  distance,  the  dust- bin,  with  its  complement  of  bones,  decaying 
vegetables,  and  other  refuse.  ,  "  ° 

Upstairs  will  be  found  the  bedrooms,  with,  now-a-days,  not  unfrequently  the 
bath-room.  Tlie  size  of  these  rooms  and  their  position  cannot  well  be  varied,  but 
care  has  been  taken  to  render  them  as  pervious  to  rain,  and  as  susceptible  as 
possible  to  changes  of  temperature,  by  building  the  outer  walls  only  9  inches  thick, 
and  by  omitting  any  non-conducting  material  between  the  ceiling  of  the  upper  floor 
and  the  slates  on  the  roof. 

The  staircase,  squeezed  into  as  small  a  space  as  possible,  consistently  with 
getting  up  at  all,  is  so  full  of  winding  step.s,  and  so  steep,  that  one  trembles  for  the 
chances  of  the  poor  little  ones  who  will  have  to  toil  up  and  down  tlie  steep  ascent. 
The  utter  disregard  of  the  po.ssibility  of  a  house  of  this  kind  being  ever  inhabited 
by  children  is  a  curious  and  noteworthy  fact. 

The  faults  described  above,  together  with  other  sins  of  omission,  such  as  the 
neglect  to  supply  cupboai'd  room,  and  the  utter  disregard  of  the  simplest  possil)le 
I'ules  of  sanitary  science  in  the  drainage  arrangements,  are  repeated  again  and 
again,  notwithstanding  the  complaints  which  assail  the  builder  on  all  hands. 

At  the  root  of  all  this  lies  the  system  of  granting  building  leases  at  a%  high 
a  ground-rent  as  possible.  An  owner  of  "  eligible  "  building  land  sees  his  way  to 
making  an  increased  income  by  letting  it  for  ninety-nine  years  on  building  leases. 
His  interest  apparently  is  confined  to  obtaining  as  lai-ge  a  rent  as  j^ossible  for  the 
land  without  troubling  about  the  class  of  building  to  be  put  on  it,  so  long  as  the 
land  is  sufficiently  covered  to  secure  his  rent.  Practically  this  is  so,  but  surely  the 
best  interests  of  the  landlord  are  not  alone  to  secure  his  present  income,  but 
to  provide  for  posterity  property  which  shall  not  come  to  them  as  Avoi-n-out  ruins. 
Surely,  too,  the  ownership  of  land  ought  to  carry  with  it  some  responsibility,  and 
the  landlord  ought  to  consider  it  incumbent  upon  him  to  take  some  pains  to  insure 
that  the  houses  erected  on  his  land  shall  be  at  all  events  fairly  sound  and  healthy. 
Assuredly  the  tenant  whose  circumstances  will  not  permit  him  to  do  much  for  liis 
own  protection,  has  a  right  to  expect  that  he  shall  not  be  denied  that  protectiou 
which  a  paternal  government  affords  to  liis  poorer  brother  the  artisan. 

Of  the  illustrations  of  houses  of  tlie  smaller  class  of  suburban  d\v(;llings,  Figs. 
113  to  114  represents  some  moderate  sized  semi-detached  houses  at  Ealing,  designed 
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by  Mr  W  J.  Green,  F.K.I.B.A.  The  rental  value  of  these  Jiouses  is  about 
i45  a  year.  There  are,  as  will  be  seen  from  the  plan,  Uxo  sitting-rooms  and 
fiv"  bed-rooms,  making  Avith  the  kitchen  what  is  commonly  known  as  an  eiglit- 
roomed  house.  It  will  be  observed  that  although  in  close  proximity  to  each 
other,  there  is  no  possibility  of  the  larder  being  contaminated  by  foul  air  from 
the  servants'  water-closet.  A  small  coal-cellar  is  provided  under  the  front  entrance 
hall.  Noteworthy  points  of  careful  planning  are  the  way  in  which  the  bay  window 
of  the  dining-room  is  arranged,  the  almost  complete  absence  of  winding  steps 
in  the  staircase,  and  the  provision  of  a  small  room  in  the  roof  Avith  a  window  for 
the  cistern,  &c. 

The  next  plan  (Figs.  115  to  117)  is  of  semi-detached  houses  at  Watford  of  some- 
what smaller  dimensions  and  different  arrangement.  The  staircase  is  brought  nearer 
to  the  front  entrance,  by  which  means  an  appearance  of  greater  size  is  given  to  the 
entrance,  while  in  reality  some  economy  of  space  is  effected.  The  rain-water  from 
the  roof  is  collected  into  a  large  tank  in  the  garden  of  one  of  the  houses,  and  each 
house  is  provided  with  a  pump  connected  with  this  tank. 

Figs.  118  to  120  show  a  pair  of  semi-detached  houses  also  designed  by  Mr.  Green, 
of  larger  dimensions  than  either  of  the  last,  being  what  ai-e  known  as  ten-roomed 
houses.  These  houses  were  erected  as  a  speculation,  and  it  was  thought  desirable  to 
attain  as  imposing  an  appearance  in  the  front  as  possible.  Accordingly,  the  plans  are 
so  arranged  that  by  placing  the  staircase  in  front  and  bringing  all  the  upper  floor 
also  to  the  front,  an  appearance  of  greater  size  is  obtained  than  is  actually  the  case. 
The  arrangement  of  lobby  to  the  kitchen,  the  wine-cellar,  and  pantry,  is  a  very  original 
and  cai-efully  worked  out  detail  of  planning.  So  also,  on  the  first  floor,  the  wardrobes 
and  linen-closet  are  just  those  minutiae  of  planning  which  are  systematically 
ignored  by  the  speculating  builder,  but  which  make  all  the  difference  between 
comfort  and  discomfort  in  a  house  of  this  class. 

Figs.  121  to  120  show  a  pair  of  semi-detached  houses  erected  at  Midhurst  from 
the  designs  of  Messrs.  W.  F.  Meakin  and  Son.  Though  not  strictly  suburban  houses, 
there  is  nothing  in  the  arrangements  which  would  be  inconsistent  with  their  being  in. 
the  suburbs  of  any  large  town.  They  contain  six  rooms  each,  and  would  probably 
let  in  the  subui'bs  of  London  for  a  rental  of  about  .£4:0.  There  is  no  particular 
feature  to  comment  upon  in  the  planning,  which  is  straightforward  and  simple. 

Figs.  124  to  126  are  plans  for  small  terrace-houses  of  about  <£40  a  year  rent, 
designed  by  Mr.  E.  J.  Tarver.*  The  frontage  of  each  plot  being  only  eighteen  feet, 
the  houses  are  necessarily  small.  The  most,  however,  has  been  made  of  the  space 
available,  and  the  result  is  certainly  a  most  convenient  and  compact  little  house. 
Points  deserving  of  special  mention  are  :  first,  the  position  of  the  bay-window  in  the 
drawing-room ;  by  placing  it  out  of  the  centre  of  the  room  the  wall  space  on  the  fire- 
])lace  side  is  unbroken,  and  the  result  is  that  the  light  is  better  distributed,  and  an 
effect  of  greater  space  is  gained.  Next,  the  position  of  the  fireplace  in  the  angle  of 
the  dining-room  is  quite  the  best  that  could  be  chosen,  as  it  allows  more  space  for 
moving  round  the  table ;  a  veiy  valuable  gain  in  so  small  a  room.  The  provision 
of  a  small  pantry  with  a  sink  is  a  useful  one,  and  one,  moreover,  seldom  thought  of 
by  the  designers  of  this  class  of  house.  Up-stairs,  by  an  ingenious  arrangement  of 
the  staircase,  the  back  room,  usually  very  small,  is  here  a  fair-sized  room. 

*  The  designs  for  these  houses  have  all  been  registered  by  the  proprietors. 
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The  aesign  of  the  houses  is  a  free  and  picturesque  treatment  of  ordinary 
materials,  such  as  brick,  stone,  and  tiles;  the  ])rincipal  obiect  in  view  bein^v  to 
obtain  a  pleasing  and  attractive  appearance  with  simple  and  durable  materials  ° 

The  three  plans  of  houses  in  Queen's  Park,  Kilburn,  are  typical  examples  of  a 
kind  of  house  for  which  in  suburban  districts  there  is  a  very  large  demand  Tliey 
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Fig.  121.— Ground  Floor  Plnu. 
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Fiff.  122.— First  Floor  Plan. 


Fi?.  12.3.— Second  Floor  Plan. 


Houses  at  Midhuest. 

are  erected  on  an  estate  belonging  to  the  Artizans',  Labourei's',  and  General  Dwellings 
Company,  of  about  75  acres  in  extent.  The  object  sought  by  this  company  is  to 
prpvide  well-built,  convenient,  and  healthy  dwellings  for  the  working  classes,  the 
houses  being  small,  and  let  at  weekly  rents  ranging  from  6s.  to  13s.  6d.  To  attain 
this  object  at  a  remunerative  outlay,  it  is  of  course  necessary  to  select  sites  at  such 
a  moderate  distance .  from  town  as  will  not  render  the  cost  of  travelling  to  and 
fro  gi-eater  than  the  class  of  tenants  who  are  to  occupy  the  houses  can  afford.  Tlio 
,gi'eat  facilities  offered  in  the  way  of  workmen's  train?  with  reduced  fares  by 
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.eve,.,  o,  the  railway  companies  .-anntag  out  oi  ^";^'''^2'^'':^;^iXZVo: 

,  ,,  ,„,.  ti,e  class  of  houses  now  unclci-  consideration ,  an.l  wmie  m  tno  mu 

e,r  paiW  L^i  ion,  wliere  land  is  so  dear,  it  must  be  a  neces.,ity  to  build  la,^ 
e  truocks  of  dwel  in-s  for  tl,e  industrial  cKsses  whose  means  or  occupa  on 
::;;r:/o?^n^t  le,rto  Uve  far  away  from  their  work,  there  «„  be  no  question 

Fi-.  125. -First  Floor  Plan.         Fig.  12.1-  -Second  Floor  Plan. 


Fig.  124.— Ground  Floor  Plan 
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that  for  those  whose  avocations  enable  them  to  live  a  short  distance  away  the  small 
two-storey  dwelling  is  by  far  the  better  one  in  every  sense. 

The  estate  from  which  the  illustrations  are  taken  is  laid  out  with  spacious  roads, 
the  width  of  which  is  increased  by  the  houses  being  set  back  within  fore-courts. 
Trees  planted  in  the  fore-courts  impart  a  cheerful  and  pleasant  aspect  to  the  roads, 
and  by  a  judicious  variation  in  the  types  of  the  houses,  the  dead  and  dreary  level  of 
uniform  ugliness  usually  so  successfully  attained,  is  here  happily  avoided. 
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The  number  of  houses  on  the  estate,  when  it  is  all  developed,  will  be  2,162  bein-r 
at  the  ratio  o£  about  27  per  acre.  To  provide  for  the  education  of  the  large  number 
ot  children  necessarily  implied  by  these  figures,  large  Board  Schools  have  already 
been  erected  or  aro  being  erected  solely  for  the  occupants  of  the  estate. 

In  point  of  construction,  the  objects  sought  to  be  attained  by  the  company  may 
perhaps  best  be  explained  by  an  extract  from  a  report  by  the  arcliitect  to  the 
estate.    "  In  laying  out  an  estate  for  a  company  whose  operations  are  so  important, 


Fig.  128.— Gronnd  Plan.  m  m  m  h.  h.  i-  '  i  i 


Second  Class  Houses  in  Queen's  Park. 

 it  is  necessary  to  do  so  in  as  attractive  and  liberal  a  form  as  possible 

without  v/aste  and  extravagance ;  it  is  also  highly  necessary  to  have  due  regard  to 
the  rapid  growth  of  sanitary  science,  and  to  endeavour  to  comply  with,  and  to 
anticipate  if  possible,  itc,  many  requii-ements,  and  especially  those  of  them  which 
will,  I  believe,  in  a  few  yeai's  be  considered  by  the  population  at  large  as  absolutely 
necessary  for  habitable  dwellings,  not  only  as  regards  the  actual  sanitary  fitting-s 
and  appliances  of  the  houses  themselves,  but  also  as  regards  their  actual  construction 
from  the  foundations  upwards,  and  also  more  especially  as  regards  the  light  and  air 
space  with  which  they  are  surrounded."*  It  is  in  the  application  of  these  principles 
*  Report  to  the  Chairman  and  Directors  of  tlie  Artiznns',  Labourers',  and  General  Dwellings  Com- 
pany, by  Rowland  Rlumbe,  F.K.I.B.A.    Kindly  lent  by  Mr.  Pluinbe  with  the  sanction  of  the  Board. 
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that  the  real  difficulty  of  constructing  houses  of  tliis  class  at  a  remunerative  outlay 
lies.  The  ordinary  speculative  builder,  who  looks  to  obtain  a  high  rate- of  interest 
for  his  money,  as  a  matter  of  fact  systematically  ignores  all  these  considerations, 
and  by  so  doing  attains  his  object. 


Kg.  131.— Ground  Plan. 


Fig.  132.— First  Floor  Plan. 


Small  Honsus  in  Queen's  Park. 

There  are  five  different  classes  of  houses  on  the  estate,  the  rents  of  which  are  as 
follows : — 

First-class  hoxise  .          .          .          .          .  13s.  6d.  por  week. 

Second     do.  .....  10s.  6d.  „ 

Third      do.  .....  9s.  6d.  „ 

Fourth    do.   88.  6d. 

I^iftli      do.   6s.  Gd. 

The  type  of  the  second-class  houses  is  illustrated  in  Figs.  127  to  129.    The  ground 
floor  contains  entrance  passage  witli  a  small  covered  porch,  front  and  back  parlours 
(11' 0"  X  10' 0",  and  9' 0"  x  1.3' 2"  respectively),  lobby  entrance  to  yard,  small 
order,  kitchen  (9'  0"  x  10'  0"),  scullery,  with  copper  in  recess,  and  water-closet. 
In  the  back-yard,  and  detached  from  the  house,  is  a  dust-bin  of  sufficient  size,  and 

I'lTn-      '"'^'^     ^''■''P^''  "I'l''^^'         ^oi^tains  three  bedrooms  (W  3"  x 

10  0  ',  9'  0"  X  12'  3",  and  9'  0"  x  13'  3"  respectively).  ^ 
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Figs.  130  to  132  represents  the  fiftli,  or  smallest,  class  of  house.  The  frontage  of 
the  plots  on  which  these  houses  are  built  being  only  13'  0",  the  space  is  not  sufficient 
to  allow  of  a  passage  being  taken  of!'  the  front  room ;  a  small  porch  is  therefore 
arranged  which,  while  sheltering  the  parlour  and  maintauiing  the  desired  privacy, 
adds  a  feature  of  interest  to  the  front  of  the  house.  With  the  scullerv,  there  are 
but  four  rooms  in  all,  and  the  staircase  is  entered  out  of  the  kitchen.  The  larder, 
in  point  of  position,  is  certainly  preferable  to  that  in  the  second-class  house. 


Fig.  13o.— First  Floor  Plau  ol  Turret. 


-First  Floor  Plan. 


Fig.  131.— Gro-jnd  Floor  Plan. 
SMiLL  HonsES  IN  Flats. 

The  third  specimen  of  house,  illustrated  by  Figs.  133  to  13G,  is  on  a  somewhat 
novel  system.  It  is  supposed  by  some  persons  who  have  had  experience  of  this  class 
of  liouses,  that  in  such  a  house  as  the  second-class  one  there  is  a  certain  amount  of 
facility  afforded  for  tenants  to  crowd  their  own  families  into  too  small  a  space;  in 
order  to  let  some  of  their  rooms  as  lodgings.  It  is  conceivable,  for  instance,  that  the 
back  parlour  might  be  turned  into  a  bedroom,  and  the  two  upper  bedrooms  let  ofi. 
Within  reasonable  and  proper  limits  there  could  be  no  possible  objection  to  this ;  but 
there  is  no  doubt  that  with  a  certain  class  of  tenants  there  would  be  overcrowding, 
and  it  is  to  obviate  this  that  the  houses  now  to  be  described  have  been  devised. 

These  houses  arc  built  in  Hats;  each  house  containing  in  itself  two  separate  and 
distinct  tenements,  self-contained  in  c^'ery  particular. 

There  is  a  common  porch  and  entrance-passage,  and  the -entrance  to  the  upper 
flat  is  at  the  foot  of  the  staircase  which  gives  access  to  it.  On  each  floor  is  a 
parlour,  bedi-oom,  kitchen,  scullery,  larder,  and  water-closet,  a  .small  c<ml-store  l>enig 
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arranged  on  the  landing  of  the  upper  floor.    The  parbur  of  the  "P^;^-;;;^^-^;;; 
than  that  of  the  lower  floor  by  the  width  of  the  passage. 

scullery  of  the  upper  floor  affords  access  to  the  common  dust-b  n  and  back-:y  au . 
xt  rent  of  each  flat  is  5s.  6d.  to  6s.  6d.,  or  the  whole  house  10s  Gd.  per  week 
An  advantage  in  these  houses  not  shared  by  the  others  is  that  m  each  case  the  w.c. 
is  approached  under  cover;  the  balcony  aftording  protection  to  the  ground  flooi. 
while  the  balcony  itself  is  roofed  over  on  the  upper  floor.  ^  ^ 

The  flnishings  and  fittings  of  the  houses  are  all  necessarily  of  the  simplest 
nature  The  aspect  both  of  the  estate  generally,  and  of  the  houses  ui  particular,  is 
pleasinc.  and  attractive;  while,  by  the  introduction  of  special  features,  such  as  turrets 
or  projecting  Wlows,  at  the  corners  of  roads  and  other  prominent  positions,  the 
inevitable  monotony  of  long  rows  of  houses  of  one  size  and  character  is  greatly 
relieved. 

II03IE  HOSPITALS. 

The  necessity  has  long  been  felt  for  some  kind  of  hospital  accommodation  which 
should  be  available  for  the  large  number  of  persons  whose  circumstances  place  them 
beyond  the  scope  of  charitable  aid  in  sickness,  but  whose  dwellings  are  unsuitable 
or  incapable  of  afibrding  the  comforts  and  special  conveniences  necessary  m  a  pro- 
tracted illness.  And  this  applies  to  illnesses  of  all  kind,  and  not  alone  to  diseases 
of  an  infectious  nature.  In  the  diseases  of  the  latter  class  (scarlet  fever,  small- 
pox, &c.),  the  necessity  for  isolation  is  imperative  :  it  is,  in  fact,  enforced  where  an 
■outbreak  occurs  in  a  house  occupied  by  more  than  one  family;  and  it  seems 
•diflicult  to  understand  why  isolation  should  not  be  equally  enforced  m  houses 
where  there  is  no  efficient  means  of  isolating  the  patient  from  the  other  inmates, 
notwithstanding  the  fact  that  those  inmates  are  all  part  of  one  family.  To  do 
this,  however,  would  require  a  far  greater  amount  of  hospital  accommodation  for 
infectious  fevers  than  at  present  exists. 

The  first  effort  in  the  metropolis  to  supply  the  need  for  a  hospital  for  paying 
patients  has  been  made  by  the  Home  Hospitals  Association  at  Fitzroy  House, 
No.  16,  Fitzroy  Square.  An  ordinary  town  house,  built  in  the  early  part  of  the 
present  century,  has  been  adapted  to  the  purposes  of  the  hospital,  and  every  eftbrt 
has  been  made  to  overcome  the  difficulties  presented  by  the  arrangements  of  a  house 
designed  for  the  ordinary  requirements  of  a  family.  The  idea  sought  to  be  realised 
in  all  the  details  of  the  establishment  is  that  of  a  home,  the  hospital  feeling  being 
carefully  eliminated. 

The  house  is  entered  by  a  broad,  well-lighted  entrance-hall,  on  the  right  of 
which  is  the  dining-room,  which  is  fitted  up  in  every  respect  like  the  dining-room  of 
a  private  house.  Behind  the  dining-room  is  a  bed-room,  appropriated  to  the 
purpose  of  an  accident  ward.  The  furniture  in  this  room,  which  is  in  every 
respect  similar  to  that  in  all  the  other  bed-rooms,  consists  of  a  brass-mounted  iron 
bedstead,  with  a  spring  mattress  and  feather-bed,  a  chest  of  drawers,  cabinet  for 
books,  etc.,  washstand,  with  double  set  of  crockery,  cupboard  for  bed-pan,  ic, 
towel-horse,  writing-table,  and  chairs.  The  wood  used  is  ash,  French-polished,  and 
the  furniture  is  sunple  and  tasteful  in  design.  The  floors  are  stained  and  wax- 
polished,  and  a  few  Persian  rugs  are  laid  about  them.  The  walls  are  papered  and 
varnished.    The  windows  are  fitted  witli  the  patent  imperial  sash  a]iparatus,  by 
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means  of  w  noli  an  ordinary  double-hung  sash  is  made  to  open  on  centres,  or  to 
slide  up  and  dovvn  as  requn-ed.  A  light  screen,  of  the  same  wood  as  the  furniture, 
1.  in-ovided ;  anc  by  a  simple  contrivance  the  whole  of  the  panels,  which  are  made 
of  cretonne,  on  light  iron  rod.s,  can  be  lifted  out,  and  fresh  panels  fixed  into  the 
frame-work  of  the  screen.  At  the  back  is  a  waiting-room  and  secretary's  office.  On 
the  landing  over  the  last  rooms,  and  between  the  ground  and  first  floors,  are  the 
Jjaatron  s  sittmg-room  and  a  small  ante-room. 

The  upper  floors  are  entirely  occupied  by  bed-rooms.  On  the  landing  between 
the  first  and  second  floors  is  a  bath-room  and  water-closet.  The  bath  is  of  porcelain 
and  IS  fitted  >vith  hot  and  cold  water,  and  has  a  shower-bath  attached.  The  water- 
closet  apparatus  is  Bostel's  Brighton  closet,  with  a  water  waste-preventing  apparatus 
attached.  This  apparatus  is  worked  by  a  pull-down  handle,  and  is  so  contrived 
that  the  whole  of  the  contents  (two  gallons)  of  the  apparatus  is  discharged  whether 
the  handle  is  held  down  or  not.  The  seat  is  hinged,  as  every  water-closet  seat 
should  be,  and  the  rim  of  the  basin,  the  lead  safe,  and  all  the  other  parts,  can  be 
cleaned  out  whenever  occasion  requires.  There  is  another  water-closet  and  a  slop- 
sink,  and  a  bath-room,  on  the  third  floor.  The  linen-room  is  on  the  top  floor,  and  in 
it  are  placed  the  hot  water  circulating  cisterns  to  the  baths  and  supply  taps.  The 
cisterns  are  in  a  room  in  the  roof,  and  easy  access  is  aff"orded  to  them  bv  a  ladder 
from  the  top  landing.  The  basement  contains  the  kitchen  offices,  servants'  hall, 
and  nurses'  sitting-room.  The  nurses'  bed-rooms  are  in  a  buUding  at  the  back,' 
originally  constructed  for  stables. 

For  all  these  purposes  the  best  has  had  to  be  made  of  an  existing  house,  and 
arrangements  whicli  could  be  much  improved  upon  in  a  specially-designed  building 
have  had  to  be  left  very  much  in  their  original  condition.  Wherever  it  has  been 
possible  to  do  so,  the  wall  surfaces  have  been  made  washable  by  the  application  of 
varnish.  By  means  of  Avindows  and  air-bricks,  free  currents  of  air  have  been 
supplied  to  all  parts  of  the  house.  The  stoves  are  in  most  cases  the  original  ones, 
and  have  no  special  features  beyond  those  found  in  ordinary  dwelling-houses. 

Special  attention  has  been  paid  to  the  drainage  of  the  house.  The  main  drain 
runs  from  the  yard  at  the  back,  through  the  basement  passage,  to  the  sewer  in  the 
Square.  At  each  extremity  is  a  man-hole,  with  a  hinged  cover  for  access  to  and 
examination  of  the  drains,  which  at  these  points  are  formed  of  half-pipes  bedded  in 
concrete.  Fresh  air  is  admitted  to  the  drain  by  two  inlets  in  the  front  area,  and 
the  soil-pipe  is  continued  up  above  the  highest  part  of  the  roof  as  an  extraction 
shaft.  At  the  man-hole  in  the  back  area  is  fixed  a  stand-pipe,  with  hose  attached, 
by  means  of  which  the  whole  of  the  drains  are  flushed  out  twice  a  day.  All  the 
sink  wastes,  overflow  pipes,  and  bath  wastes  are  made  to  discharge  into  open  iron- 
heads  or  into  gully-traps.  The  drainage  from  the  back  building,  in  which  the  nurses' 
bed-rooms  are  situated,  is,  from  structural  reasons,  taken  out  to  the  back.  A  similar 
contrivance  for  flushing,  and  similar  ventilation,  is  applied  to  this  system  of  drain.s. 

The  air  of  comfort  and  homeliness  which  pervades  the  whole  establishment  is 
very  satisfactory,  and  it  is  to  be  hoped  that  the  Association  may  find  their  jDrqject 
succeed  sufficiently  to  enable  them  to  erect  an  entirely  new  Home  Hosj-tital  which 
shall  answer  their  requirements  in  every  way  more  completely. 

The  whole  of  the  alterations  were  designed  and  carried  out  by  Mr.  Ernest 
Turner,  F.RI.B.A. 
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CHAPTER  XX. 

LARGER  TKRRACE,  SEMI-DETACHED,  AND  DETACHED  HOUSES. 

Terrace  House  in  Upper  Berkeley  Street-Detaclied  Hou.e  at  Hamp^tead-Converfced  Corner  Hou^e 
a  Bos  ton -Di  tched  House  at  Han.pstead  Hill  Gardens-Detached  House  at  Lahng-benu- 
ietai^ed  Hou^a  rt  Balh.^^^^^^  Ho.se  at  Woking-Bungalow  at  B:rclnngton-on-8ea- 

House  for  School  at  Brighton. 

HOUSE  IN  UPPER  BERKELEY  STREET. 

This  liouse  (Figs.  137  to  139)  was  erected  from  the  designs  of  Mr.  Robert  W.  Edia, 
FS.A.,  F.KI.B.A.,  and  as  a  specimen  of  a  London  house  in  a  West-end  street, 
i.i-esents  some  noteworthy  features.  In  designing  the  ground  floor  an  endeavour 
was  made  to  depart  from  the  traditional  arrangement  of  London  houses,  m  which 
the  main  staircase  is  directly  opposite  the  visitor  as  he  enters.  Ample  light,  a 
necessity  so  all-important  but  so  frequently  neglected,  h;is  been  provided  every- 
where, even  in  the  basement,  a  matter  of  no  small  difliculty  in  a  large  house  of 
this  kind,  where  so  much  of  the  gromid  must  perforce  be  covered. 

The  basement  is  devoted  to  the  servants'  offices;  an  arrangement  all  but 
inevitable  in  London  streets.  The  kitchen,  of  ample  size  and  lighted  by  wide 
skylights  the  Avhole  length  of  one  side,  is  at  the  back,  with  the  scullery  and  larder 
in  immediate  proximity.  The  latter  is  lighted  and  ventilated  from  a  large  open 
area,  on  the.  other  side  of  which  is  the  butler's  pantry.  To  the  front  are  the 
servants'  hall  and  the  footman's  room.  AVine-cellars,  beer-cellars,  closets,  knife 
and  boot  cleaning  room,  and  coal-cellars  are  provided  on  this  floor,  while  close 
to  the  back  staircase,  which  extends  from  the  basement  to  the  second  floor,  is 
the  lift,  which  ascends  to  the  level  of  the  ground  floor. 

Separate  water-closet  accommodation  is  provided  for  the  male  and  female 
servants. 

Tlie  ground  floor  is  entered  from  a  projecting  porch  from  which  access  is 
obtained  to  a  lobby,  and  from  thence  to  the  hall  and  staircase.  The  dining-room 
occupies  the  front  of  the  house,  and  has  a  spacious  bay  window  to  the  street,  and  a 
recess  for  a  sj)ecially-designed  sideboard. 

A  door  of  communication  is  made  between  the  dining-room  and  the  librarj'', 
thus  enabling  the  latter  room  to  bo  used  as  a  serving-room  when  occasion  requires. 

Partly  over  the  kitchen,  and  approached  by  a  corridor  from  the  inner  or  staircase 
hall,  is  a  largo  billiard-room,  in  close  proximity  to  which  a  water-closet  and 
lavatory  are  arranged. 

On  the  first-floor  the  front  drawing-room  occupies  the  whole  frontage,  the 
bay  window  of  the  floor  below  being  continued  up  to  this  room.  Communicating 
with  the  front  drawing-room  is  a  smaller  room,  which  is  also  provided  A\itli  a 
bay  window,  and  from  which  access  is  obtained  to  a  conservatory  and  studio  beliind. 
Thus  the  whole  floor  can  be  used  as  one  suite  of  rooms,  whilst  separate  access  to  the 
studio  is  preserved  from  both  best  and  back  stairs. 

The  upper  flooi-s  are  occupied  with  bed-rooms,  bath-rooms,  &c.  The  lattei',  as 
also  the  liouscmaid's  closet,  is  fitted  with  hot  and  cold  water  supply. 
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By  u  simple  arrangement  of  flues,  the  chimneys  of  the  best  rooms  are  all  swev.t 
Irom  the  basement,  and  provision  is  made  for  ventilation  by  carrvinc.  un 
ventilatuig  flues  with  the  smoke-flues.  The  drains  are  arranged  carefully,  and  are 
disconnected  and  ventilated.  j',     "  aie 

As  has  been  remarked  above,  the  important  matter  of  lighting  was  carefully 
attended  to  in  planning  the  house.  Another  point  of  almost  equal  importance,  that 
ot  avoiding  spaces,  internally  and  externally,  calculated  to  promote  the  accumulation 
.of  dust  and  dirt,  was  not  lost  sight  of.  From  a  sanitary  point  of  view  nothin-  can 
be  worse  than  the  mnumerable  ledges  and  comers,  dark  and  inaccessible,  wlxich 
abound  ni  most  London  houses,  new  as  well  as  old,  and  which  seem  purposely 
arranged  to  harbour  refuse  and  dirt,  often  not  of  the  most  savoury  character,  and 
always,  be  it  remembered,  liable  to  decay.  It  is  no  exaggeration  to  say  that  in 
a  London  house  all  unnecessary  angles,  ledges,  and  corners  to  which  the  light  does 
not  penetrate,  should  be,  as  far  as  possible,  done  away  with.  At  no  season  of 
the  year  is  a  London  house  overburdened  with  sunlight ;  there  can  therefore  be 
no  possible  excuse  for  neglecting  to  provide  window-space  the  most  ample  and 
well  distributed  possible. 

Prom  a  heatiug-cliainber  in  the  basement,  hot  water  is  supplied  by  pipes  to 
warm  the  conscrvatoiy,  billiard-room,  and  passages. 

Externally  the  house  is  designed  in  a  phase  of  what  may  be  called  Free 
Renaissance,  carried  out  in  red  brick.  The  sashes  are  glazed  with  plate  glass,  and  by 
the  adoption  of  this  and  other  modern  improvements  an  endeavour  has  been  .siiccess- 
fuUy  made  to  adapt  the  style  to  modern  requirements,  instead  of  resuscitating  old 
forms  and  old  features  which  our  forefathers  would  have  gladly  changed  had  they 
had  the  beneflt  of  modern  improvements. 

The  gost  of  the  whole  was  about  £7,000. 

HOUSE  IN  FITZJOHn's  AVENUK,  HAMPSTEAD, 

•  Figs.  140  to  143  illustrate  tlie  plans  of  a  house  recently  erected  in  Fitzjohu's 
Avenue,  Hampstead,  from  the  designs  of  Mr.  George  Aitchison,  A.R.A.,  at  a  cost 
of  about  £5,000.  . 

It  affords  an  example  of  a  suburban  villa  residence — a  class  which  does  not 
receive  the  benefit  of  an  architect's  skill  in  the  design  as  often  as  could  be  desired. 
The  estate  on  which  it  is  erected  has  only  been  laid  out  for  building  purposes 
Avithin  the'  last  few  years ;  and  the  greatly-increased  value  of  the  land  in  the 
locality  has  had  the  effect  of  somewhat  cui-tailing  the  extent  of  frontage  allotted  to 
each  house.  As  a  consequence  most  of  the  houses  on  the  estate,  including  the  one 
now  under  consideration,  are  planned  with  the  domestic  offices  in  a  half-sunk  storey 
or  basement.  This  arrangement  is  greatly  assisted  by  the  natural  slope  of  the 
ground,  there  being  a  gentle  rise  from  the  Swiss  Cottage  to  the  toj)  of  Hampstead 
Hill. 

Ill  the  centre  of  the  front  is  the  principal  entrance,  the  steps  to  whicli  are 
covered  by  an  enclosed  and  projecting  porch.    The  kitchen  entrance  is  at  the  side. 

The  basement  storey  contains  a  good  billiard-room,  25  feet  by  17  feet  7  inches, 
with  a  bay-window  in  addition.  In  connection  with  tliis  room,  and  approached  by 
a  lobby,  is  a  lavatory  and  water-closet.  Tlie  kitchen,  IG  feet  8  inches  by  10  feet 
G  inches,  with  a  small  scullery  adjoining,  and  a  store-closet,  are  placed  together 


P4 
u 
o 
o 

I— I 

1 

u 

(U 


bo 


5 

o 
o 

o 

o 


Ml 


P 


•'f  <        »  ."S   ,» 


uKTAcincD  uousr:. 


223 


beneath  the  dining-roon3,  and  a  .serving-lift  from  the  passage  just  outside  the  kitchea 
.ffords  convenient  :neans  of  supplying  the  dining-room,  and  removing  plates  and 
dishes  &c.,  therefrom.  The  space  beneath  the  front  entrance  steps  and  porch 
is  ^^tilised  as  a  knife  and  boot  cleaning  room,  from  ^vhich  is  an  entrance  to  the 

coal-cellar  (under  back  stairs).  ,11  i 

At  the  rear  are  the  butler's  pantry,  housekeeper's  room,  and  larder,  also  a 
servants'  water-closet,  and  a  dust-bin,  approached  from  the  open  yard  at  the  side  of 
tlie  house  A  wine-cellar  which,  though  small,  is  of  sufficient  size  to  hold  a  good 
stock  is  arranged  in  the  centre  of  this  storey.  A  wise  economy  of  space  is  effected 
by  not  continuing  the  main  staircase  down  to  the  basement,  a  smaller  staircase 
bftincr  contrived  at  the  side  of  the  billiard-room  in  such  a  way  as  to  land  on  the 
cTound  floor  in  close  proximity  to  the  principal  entrance.  From  this  landing  one 
door  goes  into  the  outer  hall,  and  one  to  the  inner,  so  that  the  front  door  may  be 
opened  by  the  servant  without  passing  through  the  inner  hall. 

Approaching  the  ground  floor  by  means  of  the  front  entrance,  access  is  gained 
through  an  intervening  lobby  to  the  hall.  This  lobby  is  useful  for  protecting  the 
interior  of  the  house  from  an  in-rush  of  cold  air,  or  gusts  of  wind  when  the  front 
door  is  opened.  On  the  right  of  the  hall  is  the  dining-room,  22  feet  by  17  feet, 
with  a  spacious  projecting  window  of  three  lights.  On  the  left  is  the  drawing-room, 
25  feet  4  inches  by  17  feet  9  inches,  with  a  bay  wdndow  in  front,  and  a  single-light 
window  at  the  rear.  Behind  the  dining-room  is  the  library,  17  feet  6  inches  by 
1.5  feet,  with  a  small  recess  opening  out  of  one  corner  for  a  writing-table.  Between 
the  drawing-room  and  the  library  is  the  main  staircase,  8  feet  wide,  giving  access 
from  the  ground  floor  to  the  first  floor,  and  a  lavatory  and  water-closet  are  formed 
beneath  the  first  landing.  A  fireplace  is  provided  in  the  hall  for  warming  it  and 
the  staircase  ;  and  by  the  side  of  the  fireplace  is  a  doorway  to  give  access  to  the 
garden  by  means  of  a  flight  of  steps.  This  doorway  is  in  closer  proximity  to  the 
water-closet  than  desu-able,  but  apparently  it  cannot  very  well  be  otherwise 
arranged. 

On  the  first-floor,  and  over  the  drawing-room,  is  a  bed-room,  dressing-room,  and 
bath-room  with  water-closet ;  and  over  the  dining-room  and  library  are  three  more 
bed-rooms. 

The  provision  of  a  fireplace  in  the  bath-room  is  an  excellent  arrangement, 
though  frequently  omitted  in  houses  of  this  class.  One  of  its  most  valuable  uses  is 
to  remove  from  the  bed-rooms  and  nurseries  the  airing  of  linen.  The  recess,  which 
on  the  ground-floor  forms  part  of  the  library,  is  on  this  floor  thrown  into  the 
,  bed-room  over  the  dining-room,  by  which  the  convenience  of  that  bed-room  is  greatly 
inci-eased,  as  the  recess,  though  small,  could  be  used  as  a  dressing-closet,  or  as  space 
for  a  writing-table. 

The  approach  to  the  upper  floor  is  by  means  of  the  second  staircase,  which  is 
continued  up  from  the  basement.  On  the  landing  between  the  first  and  second 
floors  is  the  housemaid's  closet,  well  lighted  and  ventilated,  and  not  the  mere  dark 
corner  it  too  frequently  is.  Above  this  closet  is  a  tank  for  rain-water.  This  is  an 
unusual  provision  in  town  houses,  but  as  the  cistern  is  of  slate,  and  contains  a 
filter,  and  the  draw-off  pipe  is  lined  with  tin,  it  is  useful  for  providing  soft  w%ater 
for  shaving  and  toilet  use,-&c.  In  this  top  storey  or  second  floor  wdll  be  found  two 
servants'  bed-rooms,  one  17  feet  by  IG  feet  6  inches,  and  one  about  12  feet  b^ 
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11  feet;  also  a  box-room,  a  cistern-room,  easUy  accessible,  and  a  studio,  25  feet 
C  inches  by  18  feet,  having  windows  at  each  end,  and  a  skylight  near  one  end. 

The  whole  of  the  basement  is  concreted,  has  Jennings'  stoneware  damp-course 
and  a  dry  area.    The  roofs  are  close  boarded  and  felted,  the  floors  purged,  and  the 
ventilating  gas-tubes  and  outer  cisterns  protected  with  Baatsch's  slag  felt. 

The  whole  of  the  drains  are  outside,  and  discharge  into  a  ventilating-chamber  to 
prevent  the  entrance  of  sewer-air ;  the  soil-pipes  are  outside,  and  have  extracting 
cowls;  and  the  rain-water  pipes  and  wastes  deliver  over  drain-intercentors.  A 
galvanised  iron  tank  supplies  the  water-closets,  while  the  drinking,  cooking,  and 
bath  water  is  supplied  from  slate  cisterns.  Hot  water  is  supplied  to  the" bath, 
the  lavatories,  and  the  housemaid's  scullery  and  butler's  sinks. 

The  billiard-room,  drawing-room,  dining-room,  and  main  bed-rooms,  together 
with  the  library  and  studio,  have  Boyd's  hygeastic  gi-ates,  and  are  heated  by 
asbestos  and  gas.  The  dining-room,  drawing-room,  and  library  are  lighted  Avith 
Faraday's  ventilating  gas  lamps.  ,  The  dining-room  and  billiard-room  chimneys 
have  flue-pipes  secured  to  the  sides  of  the  flues,  but  leaving  an  open  space 
round  them ;  and  in  the  dining-room,  drawing-room,  and  billiard-room,  hit-and- 
miss  ventilators  are  fixed  in  the  chimney-breasts  just  below  the  ceiling  to  carry  off 
foul  air;  these  ventilating  flues  communicate  with  the  outer  air  by  means  of 
gratings  below  the  chimney-caps,  protected  by  galvanised  iron  hoppers. 

The  halls  and  passages  of  basement  and  ground  floor  are  paved  with  Burke's 
marble  mosaic;  and  the  kitchen,  scullery,  larder,  and  main  kitchen  passage,  as  well 
as  servants'  water-closets,  are  lined  with  white  enamelled  brick.s. 

HOUSE  AT  MARINE  PARADE,  BRIGHTON. 

Figs.  144  to  146  illustrate  the  adaptation  from  the  designs  of  Mr.  Robert  W. 
Edis,  F.S.A.,  F.R.I.B.A.,  of  an  old  cement-fronted  sea-side  house  to  modei-n  ideas 
of  comfort  and  healthy  conditions. 

From  the  exposed  position  in  which  the  house  is  placed,  subjected  to  driving 
rains  and  spray  from  the  sea  during  the  winter  months,  and  to  the  glare  of  the  sun 
in  the  summer,  both  of  which  are  intensified  by  local  conditions,  the  most  important 
points  to  be  attended  to  were  to  secure  as  much  as  possible  a  minimum  degree  of 
variation  in  temperature,  and  immunity  from  damp. 

The  old  house  being  fairly  well  built,  it  was  not  deemed  advisable  to  pull  it 
down  altogether.  The  walls  were,  therefore,  left  standing ;  and  in  order  to  gain  the 
desirable  thickness,  they  were  cased  with  thin  red  bricks  and  cut-flint  work,  all  well 
bonded  into  the  old  work,  and  built  in  Portland  cement.  The  upper  floors  were 
faced  with  ornamental  weather  tiling.  These  precautions  have  had  the  desired 
effect  of  rendering  the  house  impervious  to  driving  wet,  and  also  capable  of  being 
kept  warm  in  winter  and  cool  in  summer. 

The  old  slated  roof  was  removed,  and  a  high-pitched  roof,  covered  with  plain 
tiles,  substituted.  This  alteration  was  made,  however,  before  the  old  roof  was 
removed,  so  that  the  damage  which  is  so  frequently  done  to  houses  undergoing 
alterations  of  a  like  kind,  by  saturation  with  rain  between  the  time  of  the  removal 
of  the  old  and  the  completion  of  the  new  roof,  was  obviated.  The  eaves  arc 
brought  well  out  over  the  walls,  and  thus  serve  as  an  additional  protection  against 
rain  and  sun. 


IIKMODKLLED  HOUSK  AT  BRIGHTON. 
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Marked  and  characteristic  features  in  the  front  are  the  balconies  and  verandah 
all  executed  in  wood,  and  forming,  as  such  features  should,  but  seldom  do,  essential 

parts  of  the  general  design.  .    ,  ^      «    .  i 

The  two  upper  floors  were  entirely  gutted,  the  third  floor  raised  two  feet,  and 

a  new  attic  storey  added.  _  ,    •  x    i   ..i  » 

The  basement  was  re-arranged,  the  two  front  rooms  being  made  into  butlers 
pantry  and  servants'  hall.  On  the  old  yard  at  the  back  were  erected  scullery, 
larders,  &c. ;  and  above  these,  on  the  ground  floor,  a  library ;  and  on  the  upper 
floor,  bed-rooms,  bath-roomS;  &c.  , 

The  hall  was  enlarged;  the  staircase  was  unaltered,  except  that  "petticoat 
balusters  were  substituted  for  tlie  old  straight  wooden  ones,  in  order  to  increase 
the  somewhat  confined  space. 

The  whole  system  of  drainage  was  re-arranged,  and  by  a  simple  method  the 
length  of  drain  was  reduced  to  a  minimum,  and  the  whole  of  the  refuse  of  the  house 
reaches  the  sewer  by  the  shortest  possible  road.  The  drains  are  ventilated  and 
disconnected  in  accordance  with  modern  principles  of  sanitation. 

Internally  the  house  was  fitted  up  with  modern  appliances,  and  artistic  deco- 
rations and  fittings  (mantel-pieces,  &g.),  carried  out  from  the  designs  of  the 
architect. 

The  cost  of  the  whole  work  was  under  .£3,000. 


HOUSE  IN  HAMPSTEAD  HILL  GARDENS. 

Figs.  147  to  150  give  the  plans  of  a  house,  with  studio,  Imilt  for  Thomas  Collier, 
Esq.,  the  well-known  painter,  from  the  designs  of  Messrs.  Batterbury  and  Huxley. 

Sitii.ated  on  the  slope  of  the  hill,  advantage  has  been  taken  of  the  formation  of 
the  groiuid  to  arrange  the  lowest  floor  as  a  half-sunk  basement  in  the  front  whoie 
the  ground  is  highest,  whilst  at  the  back  the  rooms  are  nearly  on  the  ground 
level. 

The  basement  floor  contains  kitchen,  scullery,  larder,  cofil-cellar,  beer-cellar,  and 
wine-cellar,  breakfast-room,  and  billiard-room.  The  tradesmen's  entrance  is  on  one 
side,  and  approached  from  the  area  on  the  same  side  are  the  servants'  water-closet 
and  the  dust-bin.  The  an-angement  of  a  lobby  outside  the  kitchen  and  the  larder, 
prevents  the  approach  to  the  billiard-room,  breakfast-room,  and  garden  entmnco. 
(which  separates  the  last  two)  from  being  overlooked  from  the  kitchen.  Tiie 
billiard-room  is  a  spacious  room  (24'.0"  x  20'.0"),  lighted  on  three  sides  by  broad 
windows  reaching  well  up  to  the  ceiling ;  the  formation  of  a  skylight,  or  lantern- 
light,  was  precluded  by  the  fact  that  immediately  over  the  billiard  room  is  the  floor 
of  the  studio.  It  is  found,  ho-sv^ever,  that  the  form  of  lighting  adopted  is  quite  as 
effective  as  a  direct  top  light,  while  for  many  reasons  it  is  very  much  more  con- 
venient and  pleasant  to  the  eye. 

On  the  ground  floor,  the  principal  entrance  is  in  the  front,  and  is  approached  by 
a  flight  of  steps.  Passing  through  an  outer  lobby,  access  is  obtained  through  an 
outer  and  smaller  hall,  in  which  a  small  niche,  semicircular  on  plan,  and  fitted  with 
shelves  for  decorative  china,  <kc.,  forms  a  picturesque  and  pleasing  feature,  to  the  inner 
hall,  off"  which  the  prmcipal  rooms  are  arranged.  To  the  left  of  tlie  inner  liall  are, 
at  the  fi-ont,  the  dining-room  (17'.0"  >^  20'. 0");  and  £vt  the  bcvck,  the  drawing- 
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room  (2r.0"x  IT'.O") ;  and  tlie  studio  (24'.0"  s  20'.()"),  a  spacious  and  well-lighted 
room,  additional  lieight  being  obtained  l)y  taking  it  up  partly  through  the  first 
Hoor. 

In  the  front  part  of  the  house,  and  to  the  right  of  the  entrance,  is  a  lavatorv 
aui.l  cloak-room,  which  forms  a  vestibule  to  a  water-closet.  Adjoining  these  is  a 
room  which  serves  tlie  double  jiurpose  of  pantry  and  store-room. 


House  in  Hampstead  Hill  Gardens. 


The  first  floor  contains  four  bed-rooms  and  a  dressing-room,  bath-room,  and 
water-closet.  The  provision  of  a  fire-place  in  the  bath-room  is  a  somewhat 
unusual  but  very  excellent  arrangement.  There  is  no  room  over  the  studio,  a 
fact  which  is  accounted  for  by  the  aiTangement  for  gaining  height  referred  to 

above.  .    ,  i  •  j  j 

Three  spacious  rooms  are  obtained  in  the  roof,  each  of  which  is  duly  provided 
with  a  fire-place.  A  small  box-room  is  also  provided  at  this  level,  and  a  staircase 
gives  ready  and  convenient  access  to  the  roof. 


DETACHED  AND  SEMI-DETACHED  ^•ILLAR. 
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HOUSE  AT  EALING. 

Figs.  151  to  153  are  illustrations  of  a  carefully  planned  detached  house,  de- 

si£?ned°by  Mr.  W.  J.  Green.  ^ 

The  entrance  is  in  the  centre  and  on  the  south  side  of  the  house.  On  either 
side  of  the  entrance  hall  are  the  dining-room  (15'.0"  x  18'.4"),  and  the  dra^ving-room 
(15'  0"  X  16'-9"),  each  with  a  bay  window.  Behind  the  dining-room,  and  lighted  from 
the  "east,  is  the  library  (lo'.O"  x  12'.0").  Behind  the  drawing-room  is  the  staircase, 
at  the  end  of  which  are  arranged  a  china  pantry,  with  sink,  &c.,  a  store-room, 
and  a  small  wine-cellar  under  the  stairs.  The  staircase  wall  is  continued  across  the 
hall,  and  so  shuts  off  the  kitchen  offices.  A  glass  door  in  this  wall  opens  on  to  a 
small  lobby,  whence  access  is  obtained  to  the  garden  and  the  kitchen.  In  this 
lobby,  or  "  garden  porch,"  is  a  lavatory  basin  fitted  in  to  the  recess  formed  by  the 
library  fire-place.  The  kitchen  (15'.0"  x  15'.0"),  a  convenient-sized  room,  is  lighted 
from  the  east.  Communicating  therewith  arc— the  larder,  also  lighted  from  the 
east,  and  the  scullery,  with  sink,  copper,  &c.  A  porch  to  the  side  entrance  divides 
the  scullery  from  the  servants'  water-closet,  and  also  gives  access  to  the  coal-cellar. 
Up-stairs  there  are,  on  the  first  fioor,  five  bed-rooms,  a  bath-room,  and  a  water- 
closet;  and  on  the  attic  floor,  four  bed-rooms,  a  housemaid's  closet  and  cistern- 
room,  and  a  large  closet. 

While  the  plan  presents  no  very  marked  features  of  originality,  there  is  evidence 
of  a  careful  study  of  detail  which  will  well  repay  examination.  Specially  to  be 
noted  is  the  way  in  which  the  fire-places  on  the  ground  floor  are  worked  in,  with,  in 
one  case,  the  store  closet,  in  another,  a  recess  for  lavatory  basin.  The  position  of  the 
water-closet  on  the  first  floor  could  not  be  improved  upon,  and  the  provision  of  a 
housemaid's  sink  on  each  bed-room  floor  is  a  most  useful  arrangement.  • 


HOUSES  AT  BALHAM. 

An  example  of  a  semi-detached  house^  erected  from  the  designs  of  Mr.  Henry  Hall, 
the  rental  value  of  which  would  be  about  £70  to  £80,  is  given  in  Figs.  154  to  157. 

The  basement,  which  is  about  3'.  6"  out  of  the  ground,  contains  breakfast-room, 
with  a  store  closet,  kitchen,  scullery,  larder,  wine-cellar,  and  coal-cellar.  Approached 
by  a  lobby  is  the  servants'  water-closet,  while  in  the  open  yard  at  the  side  is  the  dust- 
bin. An  additional  closet  is  also  provided  under  the  stairs.  The  size  and  disposition  of 
the  rooms  is  governed  by  the  floor  above.  It  is  difficult  to  see  how  the  space  could 
have  been  more  advantageously  arranged ;  the  only  point  that  seems  open  to  criticism 
being  the  position  of  the  larder  window  with  reference  to  the  dust-bin.  It  is  within 
the  limits  of  possibility  that  particles  of  decomposing  matter  might  be  IdIowu  from  the 
dust-bin  into  the  larder.  This  is  perhaps  hypercritical,  and,  moreover,  decomposing 
matter  has  no  right  to  be  in  the  dust-bin.  The  ground  floor,  approached  by  a  flight 
of  steps  and  a  porch,  contains  lobby  (with  inner  door),  entrance  hall,  dining-room 
(1.3'.6"  X  IG'.O",  with  bay  window),  drawing-room  (20'.0"  x  14'.0"),  garden  entrance, 
and  water-closet.  The  stairs  to  the  basement  are  screened  off"  l)y  a  door  at  the  top 
The  bay  window  in  the  dining-room  is  a  useful  feature,  giving  space  for  a  ^\^riting  or 
work  table  in  addition  to  the  dinner  table.  In  houses  of  this  character,  where  the 
dining-room  is  used  as  the  general  sitting-room  for  the  greater  part  of  the  day 
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(except  wliere  tiie  breakfast-room  in  the  LasPmpnT^  77  ~" 
ndjnuctsof  tlus  kind  materially  increase  L^^^^^^^^^^^  -  "sed  for  the  pun.ose). 
without  adding  greatly  to  the  cost.  '"^^  "'^^"^"^^'^  °f  ^-o"'", 

The  first  floor  contains  one  bed-room  12'.0"  x  16'.0".,  one  12'.0"  x  H'.O".  and  one 


Semi-detached  Hodses  at  Balham. 


ir.G"x9'.0";  also  a  dressing-room,  a  linen  closet,  and  a  bath-room  and  Avator- 
cioset  combined. 

The  secrond  floor  contains  two  good  bed-rooms — one  1.3'.G"  x  IG'.O",  the  other 
1.T.6"  X  l-i'.O"^  and  another  smaller  one.  The  corner  of  tlie  sloping  roof  is  utilised 
as  a  l)ox-rooni.  A  door  of  comnninioation  between  the  front  an(l  back  bed-rooms  on 
tliis  floor  might  easily  be  made  if  tliese  rooms  were  required  as  nurseries. 

The  staircase  and  tlie  water-closets  are  both  well  jirrajiged.     The  former  is 
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planned  in  three  flights  to  each  floor,  and  without  the  aid  of  any  winding  steps 
in  the  whole  staircase.  The  position  of  the  water-closets,  separated  from  the  main 
house,  and  placed  as  they  should  be  one  over  the  other,  is  admirably  contrived. 
Tlie  arrangement  for  ventilating  the  closets  with  opposite  windows,  by  which  a 
through  current  of  air  is  obtainable,  is  likewise  especially  good.  It  may  be 
contomled  that  a  water-closet  in  a  bath-room  is  an  arrangement  to  be  avoided, 
but  it  is  so  commonly  adopted  as  to  leave  little  doubt  about  its  being  free 
from  serious  objection.  There  are  clearly  many  advantages  in  having  a  water- 
closet  in  a  bath-room;  the  plumbing  work  is  more  concentrated,  and  the  con- 
venience of  such  an  arrangement  cannot  be  questioned.  Any  objection  on  the 
score  of  cleanliness  wouhl  rest  on  the  abuse  of  the  arrangement  rather  than  on  its 
proper  use. 

A  sain,  the  fact  that  a  perambulator  may  have  to  be  stowed  away  somewhere  has 
evidently  not  been  lose  sight  of,  ample  space  being  provided  either  in  the  lobby  to 
the  front  door,  or  in  the  recess  formed  by  the  basement  stairs. 

These  apparently  minor  points  are  referred  to  because  they  are  just  those 
iniiwrtant  details  Avhich  so  rarely  receive  the  attention  they  demand  from  the 
designers  of  the  ordinary  speculating  builders  house ;  and  only  those  })eople  who 
have  had  the  advantage  of  living  in  a  well-designed  house  can  point  out  the. 
vast  increase  of  comfort  that  might  be  afforded  by  more  careful  study  of  these 
details. 

The  soil  upon  which  these  houses  were  built  was  clay,  the  clay  which  was  dug 
out  for  the  foundations  being  burnt  and  ground  in  a  mortar-mill  with  lime  for 
mortar,  and  also  used  for  paths.  The  materials  used  for  the  walls  were  stock 
bricks,  with  red  brick  facings  and  Bath  stone  dressings.  The  whole  of  the  walls 
rest  on  concrete  foundations  about  2'.fi"  dee]>,  and  a  .stratum  of  concrete  six  inches 
thick  was  laid  under  the  whole  area  of  the  house.  A  damp-proof  course  of  Sey.ssel 
asphalte  was  laid  over  the  walls  at  the  gi'ound  level,  and  ojien  areas  were  formed 
at  front  and  back,  and  diy  areas  at  the  sides. 

The  cost  of  each  pair,  exclu.sive  of  fencing  and  front  boundary-wall,  was 
about  £2,475  ;  the  fencing  and  front  boundarv-wall  amounting  to  about  £110 
additional. 


HOUSE  AT  WOKING. 


This  is  a  small  country  house,  erected  from  the  designs  of  Mr.  Henry  Hall 
(Figs.  1.58  and  1.59).  It  is  built  on  the  top  of  a  hill,  and  considerable  additional 
expense  was  thereby  incurred  in  excavation  and  in  formmg  retaining  walls. 

The  house  had  to  be  so  planned  that  the  sitting-rooms  should  command  extensive 
and  beautiful  views,  and  this  rendered  it  necessary  that  the  drawing-room  and  the 
dining-room  should  face  the  south. 

The  entrance  is  on  the  east ;  an  enclosed  porch,  with  a  seat  on  either  side,  gives 
access  to  the  front  door.  Immediately  within  the  latter  is  a  vestibule,  from  which 
access  is  obtained  on  the  left  hand  to  the  lavatory  and  cloak-room,  and  an  earth 
closet.  In  this  lavatory  is  an  urinal  basin,  cased  in  with  woodwork.  Entering  the 
liall  on  the  right  is  the  dining-room  (17'.0"  x  U'.O"),  witli  a  bay  window  towards  the 
ea.st.  Beyond  this  is  the  drawing  room  (1 3'.6"  x  1 6'.0"),  also  with  a  bay  window,  but 
taciug  southwards.    Next  to  the  drawing-room  is  the  library  (13'.0"  x  ll'.G"),  with  a 
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French  window  opening  into  the  garden.  On  the  left  of  the  hall  a  small  wine 
store  IS  pro^'ided,  beyond  which  is  the  door  of  commnnication  with  the  kitchen 
offices.  These  last,  on  a  slightly  lower  level,  consist  of  kitchen  (14'. 6"  x  11 '.6") 
with  a  large  store  closet,  scullery  (with  sinks  and  copper),  and  larder.  A  lobby 
between  the  kitchen  and  the  two  last-named  offices  gives  access  to  the  kitchen 
yard,  at  one  extremity  of  which  will  be  found  the  servants'  earth  closet ;  whilst 
at  the  other  a  shed  forms  coal-store  and  pump-room.  The  well  is  shown  just 
outside  the  pumi)-room,  and  is  sixty  feet  deep.  In  the  angle  of  the  yard  is  the 
dust-bin. 

A  conveniently-arranged  flight  of  stairs,  devoid  of  winding  steps,  gives  access  to 
the  bed-room  floor.  The  bed-rooms  are  four  in  number,  and  by  the  diminished  thick- 
ness of  the  walls  on  this  storey,  are  slightly  larger  than  the  rooms  beneath  them. 
Over  the  vestibule  and  wine-store,  and  the  passage  to  the  lavatory,  is  a  dressing- 


Fig.  150. 
Fii-st  Floor  Pku. 


Detached  House  at  Wokiko. 


I'oora,  in  which  is  a  bath  with  hot  and  cold  water  laid  on.  At  the  head  of  the 
staircase,  a  specially  conti'ived  linen-store  is  arranged.  The  water-closot  and  slop- 
sink  are  entered  from  the  second  landing  above  tlie  ground  floor. 

The  walls  on  the  ground  floor  are  all  faced  with  red  bricks,  the  upper  part  being 
built  of  local  bricks  nine  inches  thick,  and  faced  witli  weather-tiling.  The  roof  is 
covered  with  plain  tiles.  The  drainage  is  taken  to  a  cess-jiool  about  100  yards 
distant,  at  the  bottom  of  the  hill. 

The  cost  of  the  house,  exclusive  of  approaches,  retaining  walls,  excavation  of 
bank,  and  the  formation  of  well,  was  £1,785.    Tlie  cost  of  the  well  was  .£123. 


A  "bungalow"  at  WESTCLIFF,  BIRCHINGTON-ON-SEA,  THANET. 

Fig.  1  GO  is  the  plan  of  a  house  of  a  somewhat  unique  character,  erected  from  the 
designs  of  Mr.  John  Taylor.  It  is  intended  as  a  summer  residence  for  a  family, 
or  as  a  private  sanatorium,  the  situation  l)eing  peculiarly  favourable  for  sucli  a 
l>urpose  from  the  invigorating  quality  of  tlie  ah-. 

The  idea  in  view  Was  to  produce  an  arrangement  that  should  be  capable  of 
afl'ording  the  greatest  comfort  with  the  least  amount  of  household  labour,  and  at  as 
small  a  cost  as  possible,  consistently  with  sound  work.    Following  out  this  idea, 
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the  whole  of  tlic  huusf  is  planned  on  the  ground  jioor,  and  is  covered  by  one 
continuous  rouf,  which  is  of  the  simplest  possiljle  form  and  construction. 

The  principal  entrance  is  at  the  side;,  tliere  being  in  addition  a  tradesmen  s 
entrance  close  to  the  kitchen  ofhces,  and  a  garden  entrance  at  the  end  of  the 
bed-room  corridor.  Occupying  the  whole  of  one  end  of  the  house  are  the  dining 
and  drawing-rooms,  the  former  with  a  deep  recess  for  the  sideboard,  in  the'  centre  of 
which  is  a°serving  hatch,  communicating  with  a  serving  lobby.  This  latter  has 
direct  communication  Avith  the  kitchen,  of  which  it  is  in  fact  a  recess,  and  also  by 
means  of  a  window  with  the  scullery.  In  immediate  connection  with  the  kitchen 
are  the  scullery,  larder,  beer-cellar,  and  coal-store. 

Opposite  the  drawing-room  is  a  smaller  room,  which  is  intended  to  be  used 
either  as  library  or  bed-room. 

A  central  corridor  gives  access  to  the  bed-rooms,  eight  in  number,  eacn  of  which 
is  provided  with  a  fire-place. 

The  closets  are  Moule's  earth  closets,  the  tanks  or  receptacles  to  which  are 
removed  and  emptied  from  the  outside.  The  slop  drainage  is  conveyed  to  a  cess- 
pool sunk  in  the  chalk.  The  water  supply  is  derived  from  a  well  sixty  feet  deep, 
and  from  a  tank  in  which  is  stored  the  whole  of  the  rain-Avater  from  the  surface  of 
the  roof. 

The  main  difficulty  to  be  overcome  in  the  construction  of  the  house  was  the 
penetrating  nature  both  of  the  driving  rains  and  the  sea-spray.  All  ordinary 
methods  failing,  Mi'.  Taylor  devised  a  mode  of  forming  an  upright  damp-proof 
coarse,  which  has  proved  perfectly  successful.  It  consists  of  A'ertical  slabs  of  slate 
built  up  the  centre  of  the  Avail,  the  bond  being  maintained  by  means  of  iron  ties, 
Avhich  serve  also  as  chairs  in  Avhich  to  rest  the  slate  slabs. 
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Mgs.  161  to  164  illustrcite  an  excellent  arrangement  of  a  school,  designed  by  Mr. 
H.  J,  Lanchester,  for  a  limited  number  of  young  ladies,  in  Wilbury  Road,  West 
Brighton,  so  as  to  haA'c  all  the  appearance  of  a  private  house.  As  Avill  be  seen 
from  the  plan,  the  dormitories  are  arranged  so  that  iiiany  of  the  ])upils  have 
a  bed- room  to  themselves,  Avhile  a  few  of  the  rooms  are  arranged  to  be  occupied  by 
two  sisters  /  and  thus  a  total  of  from  twenty-seven  to  thii'ty  pupils  can  be  accom.. 
modated. 

The  lowest  storey  is  a  half-sunk  basement  containing,  besides  the  u.sual 
domestic  offices,  an  excellent  refectory  and  play -room  35  x  18  feet.  The  school 
room,  immediately  over  the  refectory,  is  a  good  room,  Avith  AvindoAvs  in  its  opposite 
end  walls,  and  aftbrds  the  ample  amount  of  twenty  feet  of  fioor-space  to  each  pupil 
Avhen  they  are  all  in  the  room  at  one  time.  It  is  11  feet  9  inches  high,  and  is 
Avarmed  by  two  ventilating  grates.  The  AVater-closets,  Avhich  are  fitted  Avith  the 
"wash-out"  apparatus,  are  arranged  in  a  projection  from  the  rear  of  the  staircase) 
and  in  the  ui)per  part  of  this  projection  are  the  baths,  which  are  fitted  with  showei-' 
Ixitlis. 

An  important  feature  in  this  school  is  the  annexe  at  one  side  of  the  house. 
This  Aving,  Avhich  is  intended  as  a  kind  of  infirmary,  Avith  the  exception  of  double 
doors  direct  from  the  princip.al's  own  bed-room,  is  accessible  only  by  an  external 
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approach  from  the  garden.  It  is  only  two  storeys  high  above  ground,  while  the 
house  itself  is  four  storeys  in  height  above  the  basement.  In  this  annexe  can  be 
isolated  any  pupil  immediately  any  disorder  is  detected,  and  thus  the  health  of  the 
other  pupils  is  protected  from  all  danger  of  taking  even  the  most  trivial  complaint 
that  might  be  communicated  from  one  to  another.  The  value  of  such  an  arrange- 
ment has  over  and  over  again  been  proved,  and  while  the  isolation  is  complete,  tlie 
youthful  i)atient  is  not  deprived  of  the  care  and  attention  of  the  principal  hereelf. 
The  basement  of  this  annexe  having  no  communication  whatever  with  the  ujjper 
storeys,  affords  convenient  space  for  the  children's  garden  clothes,  boots,  &c.  ;  and  a 
front  room  is  also  here  set  apart  as  a  box-room  for  the  pupils'  luggage,  which  is 
brought  in  at  one  of  the  windows  direct  from  the  road,  and  thus  all  difficulty  uf 
taking  the  boxes  up-stairs  is  got  rid  of. 

The  entire  building  is  generally  of  a  plain  and  substantial  character  ;  tlie 
external  walls  are  faced  with  a  waterproof  brick  that  lias  been  patented  by  tlie 
architect,  which  tends  to  protect  the  house  from  the  driving  rains  and  changes  in 
external  temperature. 
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CHAPTER  XXI. 

PARSONAGES. 

Peculiar  Circumstances  and  Requirements  of  Parsonages-Eules  and  Instructions  of  the  Ecclesiastical 
Commissioners— Examples  at  Forest  Row  and  Kirdford. 

In  discussing  the  arrangements  of  an  ordinary  country  parsonage  it  is  necessary 
to  bear  in  mind  the  special  circumstances  which  distinguish  this  class  of  house  from 
other  houses  of  similar  dimensions. 

The  principal  distinctive  feature  about  a  parsonage  is,  that  it  is  inhabited  by  a 
succession  of  owners  whose  circumstances  may  be,  and  frequently  are,  widely 
different.  While  the  amount  of  the  income  of  the  living  remains  fixed  within 
certain  limits,  the  actual  income  possessed  by  any  one  occupant  may,  on  the  one 
hand,  be  restricted  to  that  amount,  or,  on  the  other  hand,  it  may  be  considerably 
greater  by  reason  of  private  means  possessed  by  the  incumbent.  The  tenure  also  of 
a  parsonage  is  peculiar.  It,  together  with  the  glebe,  belongs  to  the  incumbent  abso- 
lutely so  long  as  his  incumbency  lasts.  While,  however,  the  incumbent's  tenure  is 
freehold  so  long  as  it  endures,  he  (or  his  executor),  is  liable  to  his  successor  to  deliver 
up  the  building  at  the  determination  of  his  incumbency  in  a  perfect  state,  without 
allowance  even  for  wear  and  tear.  The  effect  of  this  system  makes  the  incumbent 
at  once  both  tenant  and  landlord.  The  necessity,  therefore,  for  building  parsonages 
in  the  most  substantial  manner  possible  is  obvious.  Another  no  less  important  con- 
sideration, involved  by  the  peculiar  circumstances  of  the  holding,  is  that  the  size  and 
character  of  the  house  must  always  bear  a  due  proportion  to  the  value  of  the  living. 
In  building  or  altering  a  parsonage,  regard  must  always  be  had,  not  to  the  special 
circumstances  or  requirements  of  any  one  particular  incumbent,  but  to  the  reason- 
able requirements  of  an  incumbent  solely  dependent  on  the  income  belonging  to  the 
living.  It  will  readily  be  understood  that  if  this  rule  were  not  strictly  observed,  a 
rich  incumbent  of  a  poor  benefice  might  burden  his  successors  with  a  house  costly  in 
maintenance  and  repairs,  and  quite  beyond  their  means  to  keep  up.  Again,  an 
unmarried  incumbent  might  build  a  house  in  every  way  suitable  to  his  own  require- 
ments as  a  bachelor,  but  utterly  inadequate  for  the  accommodation  of  a  married 
parson  with  a  young  and  numerous  family. 

The  first  point,  therefore,  to  ascertain  in  designing  a  parsonage-house  is  the 
value  of  the  living.  This  preliminary  being  settled,  the  important  points  to  be  kept 
in  view  are,  first,  to  fit  the  accommodation  to  the  income  derivable  from  the  living, 
and  secondly,  to  adopt  as  durable  a  mode  of  construction  as  possible  in  every 
particular,  and  thus  avoid  to  the  utmost  all  necessity  for  periodical  expenditure  in 
repaii's. 

It  may,  however,  be  advisable,  under  certaiii  circumstances,  to  build  a  parsonage 
of  somewhat  small  dimensions,  and  to  an-ange  it  with  a  view  to  future  enlargement. 
This  can  readily  be  accomplished  by  inserting  brest-summers  or  lintels  for  future 
bay  windows,  by  making  the  roof  large  enough  to  admit  the  addition  of  attics,  and 
by  other  aiTangements  to  allow  of  subsequent  extensions.  When  the  future 
20 
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formation  of  attics  is  contemplated,  the  ceiling-joists  of  the  upper  floor  will 
necessarily  have  to  be  of  sufficient  strength  to  serve  as  floor-joists  when  the  attics 
are  formed.  " 

Tlxe  "Rules  and  Instructions  respecting  Parsonage-Houses,"  issued  by  the 
Ecclesiastical  Commissioners,  are  so  practical  and  to  the  point,  that  no  apology  is 
needed  for  quoting  somewhat  largely  from  them.  It  will  be  found,  moreover, 
that  although  they  are  issued  with  special  reference  to,  they  by  no  means  apply 
solely  to  parsonage-houses;  they  are  equally  valuable  in  most  instances  when 
applied  to  any  kind  of  house,  and  especially  to  country  houses  of  a  small  or 
moderate  size. 

Referring  to  the  amount  of  accommodation  to  be  provided,  the  Commissioners 
recommend  that  there  should  be  "two  sitting-rooms,  not  less  than  16  feet  by  14  feet; 
a  study  about  14  feet  by  12  feet ;  a  kitchen,  and  a  scullery,  and  not  fewer  than  five 
bed-rooms,  each  bed-room  having  a  fireplace.  There  should  also  be  a  pantry  or  china- 
closet,  larder,  water-closet,  wine  and  beer  cellar,  coal-house,  dust-bin,  &c." 

The  above  dimensions  will,  of  course,  have  to  be  varied  as  circumstances  suggest ; 
it  will,  however,  in  practice,  be  found  advisable,  at  least  in  country  parsonages  where 
no  special  parish-room  is  provided,  to  make  the  dining-room  somewhat  larger  than 
the  above  dimensions,  in  order  that  it  may  be  more  conveniently  available  for  the 
meetings  of  clergy,  parishioners,  and  others,  which  so  frequently  occur  in  a  countiy 
parsonage. 

The  other  sitting-room  will,  of  course,  be  the  drawing-room,  and,  as  such,  calls  for 
no  special  remark  ;  it  should,  however,  be  borne  in  mind  that  both  these  rooms 
must  have  a  cheerful  and  sunny  aspect. 

The  study  is  a  room  of  special  importance  in  a  parsonage,  and  its  position  and 
arrangement  demand  no  little  attention  on  the  part  of  the  architect.  Being  the 
parson's  workroom,  it  must  be  so  placed  that  its  occupant  may  be  undisturbed  by  the 
noise  of  the  household.  Being  also  the  room  where  parish  business  is  transacted, 
and  where  interviews  between  the  clergyman  and  his  parishioners  ordinarily  take 
place,  it  mxist  be  easily  accessible  both  by  the  front  and  back  doors.  As  a  rule,  the 
size  given  by  the  Commissioners  will  be  found  to  be  ample ;  occasionally,  however, 
space  has  to  be  found  for  a  large  library  belonging  to  the  parish,  and  the  dimensions 
of  the  study  must  be  regulated  accordingly. 

The  servants'  offices  will  not  diflfer  materially  from  those  of  any  ordinary  house 
of  a  similar  size.  It  should,  however,  be  remembered  in  planning  the  back  entrance 
that  the  callers  at  a  parsonage  are  somewhat  numerous ;  and  while  some  provision 
in  the  shape  of  a  porch  or  lobby  may  conveniently  be  made  for  the  accommodation 
of  people  waiting,  the  view  of  the  kitchen  offices  should  be  effectually  screened  from 
the  back  door.  Where  there  is  a  parish-room  attached  to  a  parsonage,  the  same 
lobby  may  conveniently  serve  both  for  it  and  for  the  back  door.  In  addition  to  the 
servants'  offices  mentioned  in  the  "  Rules,"  a  dairy  will,  in  most  country  parsonages, 
have  to  be  provided ;  also  a  wood-house,  and  space  to  store  dry  earth  for  winter 
consumption  in  the  earth-closets,  when  such  closets  are  adopted.  To  the  five  bed- 
rooms recommended  by  the  Commissioners  as  a  minimum  provision,  a  dressing-room, 
large  enough  to  serve  as  a  bed-room  if  requii-ed,  may  be  added  with  advantage ;  and 
it  should  also  be  held  in  view,  in  arranging  the  bed-rooms,  that  it  is  within  the  limits 
of  possibility  that  two  of  them  may  be  required  for  use  as  nurseries. 
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A  veiT  convenient  adjunct  not  mentioned  by  the  Commissioners  is  a  back 
staircase,  or  at  least  a  portion  of  one-that  is,  from  the  ground-level  to  the  first 
landing.  Where  any  of  the  sitting-rooms  are  on  the  first  floor,  the  back  staircase 
ought  to  go  the  whole  height  of  the  storey. 

The  pai-ish-room  forms  a  most  useful  adjunct  to  a  country  parsonage.  An  example 
of  such  a  room  will  be  seen  in  the  plan  of  Forest  Row  Vicarage  (page  246).  "  This 
does  not,"  as  Mr.  Lacy  W.  Ridge  remarks,*  "  mean  a  small  pubHc  hall,  such  as  that 
attached  to  the  church  of  Whitechapel,  or  those  which  some  London  clergymen  have 
provided ;  but  a  rough  room,  suitable  for  night-schools,  choir-practices,  and  similar 
meetings,'  to  which  people  will  come  in  their  working  clothes— a  place  where 
mothers'  meetings  may  be  held,  the  parish  lending-library  kept,  soup  distributed, 
blankets  served  out,  and  the  hundred  and  one  things  done  of  which  a  rural 
parsonage  is  the  centre."  The  proper  place  for  the  parish-room  will  be  close  to 
the  back  entrance,  and  within  easy  access  of  the  study,  in  connection  with  which  it 
may  usefully  serve  as  a  waiting-room. 

In  all  arrangements,  whether  of  planning,  or  details  of  construction  and  fittings, 
the  main  point  of  economy  of  labour  must  never  be  lost  sight  of :  and  while  pro- 
viding windows  and  doors  in  ample  numbers,  and  in  the  most  convenient  positions, 
regard  must  always  be  had  to  such  matters  as  curtains,  glass,  and  likewise  to  tlie 
number  of  shutters,  bolts,  &c.,  to  be  moved  twice  daily.  All  needless  labour,  both 
in  the  internal  economy  of  the  house  and  in  its  maintenance,  should  most  carefully 
be  guarded  against ;  and  upon  the  latter  point  the  Commissioners  have  a  rule  of 
very  great  value  : — "  The  law  of  dilapidations  afi'ecting  ecclesiastical  houses  of 
residence  renders  it  essential  that  particular  attention  should  be  paid  to  stability ; 
and  with  a  view  to  economy,  and  the  avoidance  of  dilapidation  risks,  the  Commis- 
sioners strongly  recommend  that  ornamental  features  should,  as  much  as  possible, 
be  avoided." 

The  following  are  the  rules  laid  down  by  the  Commissioners  for  the  construction 
of  parsonages  : — 

"  All  external  walls  to  be  of  hard,  well-burnt  brick,  or  stone,  but  without  any 
coating  of  cement  or  rough  cast ;  if  of  brick,  to  be  not  less  than  fourteen  inches ; 
if  of  stone,  not  less  than  twenty  inches  thick ;  internal  walls,  brick  (nine  inches), 
stone,  rubble,  or  random  course  of  proportionate  thickness. 

"  In  exposed  positions  the  thickness  of  external  walls  on  the  weather  sides  must 
be  increased  according  to  local  requirements.  Such  walls  may  be  built  hollow,  great 
care  being  taken  to  bond  them  properly,  especially  under  the  wall-plates ;  and 
special  provision  must  be  made  for  protection  of  window  and  door  openings  by  a 
weather-proof  course  built  in  over  each.  The  bonding-ties  in  hollow  walls  must  be 
impei-vious  to  damp. 

"  Battening  may  be  used  when  the  nature  of  the  materials  of  which  walls  are 
built  requires  it,  for  avoidance  of  internal  dampness ;  but  it  is  worse  than  useless 
when  applied  to  walls  not  first  made  water-proof 

"  In  all  walls,  external  or  internal,  a  course  of  slate,  laid  in  cement,  asphalte,  or 
some  other  impervious  material,  must  be  inserted  above  the  ground-line  through 
their  entire  thickness,  to  prevent  the  damp  rising.    Gratings  to  be  provided  for 


*  Paper  on  Parsonages,  read  before  the  Arclwological  Association,  January,  1881. 
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ventilation  under  floors,  to  be  so  placed  as  to  ensiire  a  perfect  current  of  air  below 
the  joists. 

"  Stone  or  brick  to  be  used  for  all  chimney-stacks,  copings,  external  cornices 
ornaments,  &c.,  and  five-pound  lead  for  all  flashings,  &c.    Cement  or  zinc  for  any  of 
the  above  purposes  will  not  be  allowed. 

"  Basement  stairs  to  be  of  stone,  slate,  or  suitable  bricks, 

"  All  hearths  to  be  laid  on  brick  trimmer  arches  or  rough  stone  slabs. 

"  Drains  to  be  constructed  with  glazed  stoneware  pipes,  with  socket-joints  not 
less  than  six  inches  in  diameter  for  foul  drainage,  or  foui-  inches  for  rain-water,  and 
to  be  carefully  trapped  where  necessary.  Overflow  drains  from  rain-water  tanks 
must  not  be  connected  with  any  sewage  or  foul  water  drain. 

"No  main  partitions  to  be  constructed  of  wood,  either  in  the  basement  or 
ground  floor. 

"  Baltic  wood  or  oak  to  be  used  in  the  roofs,  joists,  and  partitions,  and  all  other 
constructive  parts  of  the  house ;  also  for  all  external  joiners'  work  and  floors. 
"The  sills  of  all  wood  window-frames  to  be  of  oak. 
"  No  joists  or  rafters  to  exceed  one  foot  apart  in  the  clear. 

"  The  scantlings  of  joists  for  floors  to  be  not  less  than  is  indicated  by  the  follow- 
ing table  : — 


Length  of  hearing 
in  feet. 

Breadth  2i. 

Length  of  hearing 
in  feet. 

Breadth  2i, 

Length  of  hearing 
in  feet. 

Breadth  2|. 

5 
6 
7 
8 
9 

Depth  in  inches. 
5 

H 

7 

7i 

10 
11 
12 
13 
14 

Deptli  in  inches. 
8 

8^ 
9 

9i 
10" 

15 
IG 
17 
18 

Depth  in  inches. 
10^ 
11 
12 
12  X  3 

"  When  the  length  of  bearing  exceeds  eight  feet,  the  joists  must  be  strutted  by 
one  row,  and  when  it  exceeds  twelve  feet,  by  two  rows  of  struts. 

"As  the  construction  of  the  roof  will  depend  upon  the  design  of  the  house, 
no  table  of  scantlings  is  given,  but  the  timbers  must  be  strong.,  and  of  a  substance 
proportionate  to  the  foregoing  table.  The  unsupported  bearing  of  purlins  must  not 
exceed  ten  feet.  Convenient  means  of  access  to  the  interior  of  roofs  and  to  all  lead 
gutters  to  be  provided. 

"  Roof  covering  to  be  of  slate,  stone,  or  tiles ;  all  slate  to  be  fastened  with 
copper  nails.    The  interior  of  roof-covering  to  be  pointed. 

"  Cisterns,  when  not  of  stone  or  slate,  to  be  lined  with  lead  ;  the  sides  to  be  of 
six  pounds,  and  the  bottom  of  eight  pounds  to  the  foot  superficial,  at  the  least. 

"  Middle  roof  and  parapet  gutters  to  be  of  sevgn-pound  lead.  Eaves,  guttei-s, 
and  rain-water  pipes  to  be  of  cast  iron. 

"  Wood  and  iron  work  to  have  four  coats  of  paint  throughout ;  bjit,  if  preferred, 
internal  woodwork  may  be  varnished  only,  or  stained  and  varnished." 

One  or  two  points  with  reference  to  the  foregoing  raost  excellent  rules  may  be 
noticed.  First,  as  regards  walls,  the  rules  seem  to  preclude  the  possibility  of 
building  external  brick  walls  of  a  less  thickness  than  fourteen  inches.  In  practice, 
however,  it  is  quite  permissible,  and,  indeed,  often  desirable,  both  for  appearance 
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and  dryness,  to  build  the  walls  of  the  upper  storeys  of  9-inch  brickwork,  ^^ced  w^th 
teat  Jr-tni^g.  To  econonnse  materials,  the  bricks,  if  faxrly  ^q-re  ^^^^^^ 
on  edge,  Fkmish  bond,  but  with  the  intermediate  brick  omitted  Fig^  5^ 
The  tile;  can  be  nailed  to  the  joint  of  the  brickwork.  When  this  method 
adopted,  and  the  lowest  courses  of  weather-tiles  project  sufficiently,  the  three  courses 
of  brickwork  below  the  wall-plate  can  be  built  solid ;  this  will  give  a  solid  bearing 
for  the  wall-plate  and  joist,  and  the  weather-tiling  will  keep  the  work  dry. 

Battening  is  permitted  by  the  rules  ;  it  would,  however,  have  been  better  to 
have  prohibited  it  altogether.      With  a  properly-constructed  hollow  wall  there 
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is  really  no  necessity  for  its  use,  and  it  is  most  objectionable  from  many  causes, 
amongst  the  most  prominent  being,  that  the  space  between  the  wall  and  the 
boarding  or  canvas  is  an  inevitable  harbour  for  vermin,  and  that  in  re-papering  the 
canvas  of  a  battened  room  the  temptation  to  leave  the  old  paper  iinremoved  is 
often  too  great  to  be  resisted. 

As  practical  illustrations  of  the  foregoing  remarks,  the  plans  of  two  Sussex 
parsonages  are  given  :  one  at  Forest  Row  being  rather  larger,  the  other  rather 
smaller  than  the  average. 

Forest  Row  Yicarage,  near  East  Grinstead  (erected  from  the  designs  of 
Mr.  Lacy  W.  Ridge,  F.R.I.B.A.,  Diocesan  Surveyor  for  Chichester),  is  a  specimen 
of  a  moderate-sized  parsonage,  with  a  parish-room  attached. 

The  entrance-front  faces  north-west,  whilst  the  aspect  of  the  sitting-rooms  is 
south-east  and  south-west. 

The  front  door  opens  into  a  lobby,  off  which  is  a  water-closet  and  lavatory,  and 
thence  into  a  hall.    On  the  right  is  the  study,  14'  0"  x  1 2'  6" — the  size  recommended 
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by  the  Ecclesiastical  Commissioners.    The  hall  is  warmed  by  a  stove  in  the  angle 
formed  by  the  projection  of  the  drawing-room.  ^ 
Immediately  behind  the  study  is  the  drawing-room,  18'  6"  x  15' 0"   with  a 

K'''T/n"         ^"i:^  "^^j^^"^"^         ^S^^  diniig-room 

.        ]\.    '  '^""^  ^'P^'*'        fumislied  with  two  doors,  one  opening, 

into  the  hall,  the  other,  designed  as  a  serving-door,  into  the  kitchen  passa-e 

The  parish-room,  15'  6"  x  12'  0",  is  arranged  close  to  the  side  entrance,  but 
not  so  as  m  any  way  to  mar  the  privacy  of  the  servants'  quarters. 

The  larder,  pantry,  kitchen,  and  scullery  are  all  grouped  together  in  a 
convenient  manner;  and  the  cleaning-room  (for  knives,  boots,  &c.)  and  the 
servants'  earth-closet  are  approached  from  the  scullery  by  a  small  intervening 
lobby,  which  serves  at  once  the  purposes  of  privacy  and  disconnection.  ° 
A  back  staircase  leads  from  the  kitchen  passage  to  the  bed-rooms  on  the  first 
floor,  and  is  continued  to  the  attics. 

Of  bed-rooms  there  are,  on  the  first  floor,  six",  with  a  dressing-room  in  addition; 
and  on  the  upper  floor,  two,  with  space  in  the  roof  to  serve  as  box-room. 

The  construction  of  the  house  is  simple,  but  efiective.  Rag-stone,  with 
red  brick  facings  to  the  windows,  on  the  ground  floor;  9-inch  brickwork,  faced 
with  weather-tiling,  to  the  upper  floors ;  and  the  roofs  covered  with  plain  tiles, 
with  ornamental  ridges  and  finials  of  the  same  material,  complete  the  list  of 
materials  so  far  as  the  exterior  is  concerned. 

Kirdford  Vicarage,  in  Sussex,  by  the  same  architect,  is  a  somewhat  smaller 
house,  and  has  no  parish-room  attached  to  it.  Being,  therefore,  likely  to  be  of 
more  general  service  as  an  ordinary  detached  house,  as  well  as  for  its  own  special 
design,  the  plans  are  given  on  a  larger  scale.  The  arrangements  are  somewhat 
similar  to  those  of  the  Forest  Row  house,  but  the  construction  is  simpler  in  treat- 
ment, the  ground  storey  being  enclosed  with  hollow  brick  walls  instead  of  stone.* 

*  For  much  valuable  informatiou  on  the  subject  of  Parsonages  we  are  indebted  to  Mr.  Lacy 
W.  Eidge,  Diocesan  Surveyor  for  Chichester. 
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CHAPTER  XXII. 

LARGE  HOUSES  AND  MANSIONS. 
Kesidence  of  Sir  Henry  Peek,  in  Devonshire— Example  of  an  old  House  re-modelled. 

Houses  of  this  kind  are  almost  invariably,  as  a  rule,  designed  and  superintended  by 
the  best  architectural  skiU  of  the  day,  the  design  being  suited  to  the  special  circum- 
stances and  requirements.  Accordingly  only  one  example  of  a  first-class  modern 
country  residence,  designed  according  to  the  best  modern  methods,  is  given  ;  and  as 
in  some  degree  a  contrast,  but  with  useful  practical  lessons  of  its  own,  portions  of 
the  plans  of  an  imposing  town  residence  are  also  given,  built  in  any  but  a  sanitary 
manner,  indicating  how  the  evils  thus  caused  were  as  far  as  possible  mitigated. 

BOUSDON. 

Rousdon,  Devonshire,  is  a  house  now  approaching  completion  for  Sii'  Henry 
Peek,  Bart,  M.P.,  from  the  designs  of  Messrs.  Ernest  George  and  Peto.  It  is  selected 
for  illustration  as  being  an  example  of  a  large  and  very  complete  modern  country 
mansion.  Its  completeness,  indeed,  may  be  said  to  be  unique,  for  the  boundaries  of 
the  estate  itself  are  exactly  co-terminous  with  the  parish  of  Rousdon,  the  church 
having  been  rebuilt  by  Sir  Henry  Peek,  and  serving  alike  for  parish  cliurch  and 
private  chapel. 

The  house  is  situate  at  the  south-east  corner  of  Devonshii-e,  about  three  miles 
from  the  interesting  old  town  of  Lyme  Regis,  Dorset.  It  is  on  the  top  of  a  cliff 
about  400  feet  above  the  sea-level,  the  grounds  beneath  comprising  a  beautiful  bit 
of  undei'cliff,  by  a  pony  drive  through  which  access  is  gained  to  the  beach. 

The  house  is  a  long,  low,  and  many-gabled  structure  of  great  picturesqueness, 
and  designed  specially  with  a  view  to  stand  the  stress  of  wind  from  the  sea.  The 
style  is  late  Tudor  treated  with  freedom  and  originality.  The  main  block  is 
rectangular,  with  the  rooms  ranged  round  a  central  courtyard  42  feet  square.  In 
the  middle  of  this  coui-t  is  an  ancient  well,  over  which  is  a  marble  curb  and  a  cover 
of  wrought  copper-work.  A  wheel  is  arranged  for  lowering  a  man  to  the  pumping- 
gear,  which  is  worked  by  steam. 

The  principal  rooms  are  ranged  along  the  south  side  of  the  house,  towards 
the  sea.  On  this  and  the  east  front  a  broad  terrace  walk  is  constructed,  an 
aiTangement  rendered  possible  by  the  fall  of  the  ground  from  north  to  south. 

A  striking  feature  on  this  front  is  the  group  of  three  wide  and  lofty  bay 
windows  running  up  through  three  storeys. 

The  approach  is  from  the  north  side  through  a  square  enclosed  courtyard.  The 
entrance-doors  are  sheltered  by  a  carriage-porch  enclosed  with  stone  piers  and 
arches,  which  carry  a  gabled  superstructure  of  half-timber  work.  The  timber  used 
here  is  teak,  and  the  panels  are  filled  with  decorative  parget-work. 

Entering  at  the  principal  door,  access  is  gained  to  the  great  hall,  66  feet 
long  by  26  feet  wide.  At  the  end  nearest  the  entrance  is  a  minstrels'  gallery,  the 
part  below  the  gallery  being  screened  oflT  to  form  an  ante-hall. 
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The  hall  has  an  open  timber  roof  of  oak,  carried  on  carved  stone  corbels.  The 
walls  up  to  the  height  of  the  window-sills  are  panelled  with  wainscot,  above  which 
they  are  lined  with  dressed  Beer  stone.  The  six  windows  have  each  twelve  lights 
filled  with  painted  glass, .  the  subjects  being  incidents  connected  with  local 
history,  which  is  singularly  rich  in  stirring  events.  On  one  side  of  the  hall 
is  the  ingle-nook,  with  its  oak  settles,  and  its  hooded  chimney  reaching  up  to  the 
roof. 

The  hall  abuts  on  one  side  of  the  courtyard,  on  the  other  three  sides  being 
corridors  lighted  by  muUioned  windows  from  the  court.  These  corridors  give  access 
to  the  reception-rooms. 

At  one  end  of  the  hall  is  the  tower,  which  is  occupied  by  Sir  Heury  Peek's 
own  rooms.  These  are,  on  the  ground  floor  the  business  or  justice-room  provided 
with  its  own  small  porch  for  access  fi'om  the  outside ;  in  the  basement  approached 
by  a  staircase  from  the  business-room  is  a  strong-room,  provided  with  means 
of  warming  and  ventilation.  A  turret  staircase  leads  from  the  ground  floor  to  Sir 
Henry's  dressing-room  ;  above  this  to  a  room  for  documents,  to  the  museum,  and 
finally  to  the  Belvedere.  This  last  forms  the  uppermost  stage  of  the  tower.  The 
roof  is  supported  by  arcaded  teak  posts,  and  the  floor  is  laid  with  the  same  kind 
of  wood,  in  the  manner  of  the  deck  of  a  yacht. 

Adjoining  the  business-room  and  communicating  with  it  is  the  library,  42  feet 
by  20  feet.  This  room  faces  the  east,  and  has  thi-ee  large  and  deeply-recessed 
square  bay  windows,  and  two  fireplaces.  The  ceiling  is  formed  of  ^vi-ought  oak 
joists  on  moulded  bearers. 

The  drawing-room,  Avith  octagonal  garden-porch,  occupies  the  south-east 
corner  of  the  building,  and  is  about  50  feet  by  20  feet.  The  dado  is  panelled 
in  walnut,  above  which  the  walls  will  be  lined  with  maize-coloured  silk.  The 
ceiling  is  ribbed  and  enriched  with  plaster. 

Between  the  drawing-room  and  the  library  is  a  lady's  lavatoiy  and  cloak-room, 
&c.,  and  a  staircase  leading  up  to  the  boudoii-  and  Lady  Peek's  room. 

The  dining-room,  37  feet  by  20  feet,  has  a  similar  ceiling  to  that  of  the 
library.  The  walls  are  panelled  to  the  height  of  the  doors.  In  connection  Avith 
it  is  a  serving-room  with  hot-plate,  and  access  thence  to  the  ofiice  corridor. 

The  grand  staircase  is  of  marble  with  parapet  wall  and  moulded  coping  of  the 
same.  This  material  has  been  very  freely  used  throughout  the  house ;  some  noble 
blocks  of  marble  having  lain  for  years  on  the  Eousdon  beach,  became  available  for 
use  when  Sir-  Henry  Peek  acquii-ed  the  foreshore  rights. 

•  Close  to  the  main  entrance  is  the  billiard-room,  with  a  square  bay  window. 
Adjoining  this  is  a  lavatory,  cloak-room,  and  water-closet  for  gentlemen,  with 
a  hot-closet  for  drying  wet  clothes. 

Passing  noAV  through  the  folding  doors  which  shut  off  the  office  corridor  from 
the  reception-rooms,  a  suite  of  three  rooms  are  arranged  as  sitting-room,  bedroom, 
and  dressing-room  for  an  invalid  or  for  a  visitor  to  whom  the  fatigue  of  ascending 
and  descending  stairs  would  be  undesirable.  Part  of  the  di-essing-room  is  pai-titioned 
off  to  form  a  water-closet,  and  a  bath  is  also  provided. 

On  the  opposite  side  of  this  corridor  is  the  butler's  pantry,  with  plate-room  and 
bedroom  adjoining.  Next  to  this  is  a  room  for  brushing  clothes ;  next  to  this 
again  is  a  room  in  which  the  arrangement  of  flowers  for  the  table  and  other  like 
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mattei-s  can  be  attended  to  by  the  lady  of  the  house,  and,  finally,  a  housemaid's 
jmntry.    Both  the  last  two  rooms  are  provided  with  siaks  and  presses. 

In  the  west  wing  the  principal  servants'  offices  are  arranged.  The  kitchen, 
26  feet  by  20  feet,  has  an  open  timber  roof,  and  besides  the  necessary  appliances  in 
the  shape  of  range,  hot-plate,  ovens,  &g.,  there  is  a  lift  for  conveying  coals  from  the 
basement.  A  serving-table  and  hatch  afibrd  convenient  access  to  the  corridor 
for  serving  purposes.  Communicating  on  one  side  of  the  kitchen  is  a  small  room 
for  preparing  pastry,  and  on  the  other  side  is  the  scullery  fitted  up  with  steamers,- 
sinks,  &c.  In  the  same  wiug  are  the  housekeeper's  room,  servants'  hall,  and 
luggage-room.  The  last-mentioned  room  has  an  external  door  for  the  ingress 
and  egi-ess  of  luggage,  this  door  being  in  the  dii-ect  line  between  the  main  entrance 
and  the  stables. 

The  staircase  at  this  end  of  the  corridor  gives  access  downwards  to  coal-cellar, 
lamp-room,  and  rooms  for  knives  and  boots,  and  upwards  to  the  men-servants' 
bed-rooms ;  thus  its  use  would  be  limited  solely  to  the  male  servants. 

An  hydraulic  lift  rises  from  the  basement  to  the  top  of  the  house  for  the  carriacre 
of  coals,  luggage,  &c.  This  lift  is  placed  in  the  centre  of  the  maids'  stairs,  which 
communicate  with  the  larders  and  bakehouse  in  the  basement,  and  by  corridors 
with  the  dairy,  and  with  the  bed-room  floors  above. 

Separate  closets  and  bath-rooms  are  provided  for  male  and  female  servants 

In  the  basement  the  courtyard  at  this  level  is  arranged  in  a  cloister-like  manner 
the  centre  being  occupied  by  the  weU  already  mentioned.  The  space  under  the 
great  haU  is  utilised  as  a  bowling-alley  for  American  bowls.  Under  the  Hbrary  is 
the  dairy  By  the  provision  of  windows  both  in  the  east  and  west  waUs  a  throucrh 
current  of  air  is  msured.  The  fittings  are  of  marble,  the  shelves  being  as  much  as  3 
inches  thick  m  order  to  secure  greater  coolness.  The  walls  are  lined  with  a  high 
tile  dado,  above  which  subjects  are  painted  in  blue  of  incidents  associated  with 
th  dauy.  The  floor  is  of  black  and  white  marble.  Adjoining  is  the  daiiy- 
scullery,  provided  with  copper  and  sink  for  scalding  pans 

win^rn^'^^'irr'"'"^'-        "^^^  reception-rooms,  and  include  wood-cellar  and 
wine-cellars,  with  dispensmg  and  receiving  cellars 

Two  larders,  one  specially  for  game,  a  bakehouse  and  a  beei-cellar,  complete 
with  those  rooms  already  referred  to,  the  basement  accommodation.  ^  ' 

floors  of  thf'  —  'T  storey.  The 

'  osalc  e^^^^^^^^^^  °'  designs  in'marblo 

mosaic,  executed  by  the  female  convicts  at  Wokincr 

and  the  stonework  of  the  various  moulded  arches,  is  from  the  Beer  quarries  Devon' 

ChZrSs"^ "  »'''~r::e 

isteft  ""^  "^^'"^  ""^  S'W^^  Wfrtimber  work,  fc, 
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principal  bed-rooms,  is  of  wainscot,  walnut,  teak,  mahogany,  or  cedar.  The 
woodwork  of  the  offices  and  inferior  bed-rooms  is  of  pitch-pine. 

Connected  by  a  covered  way  with  the  servants'  wing  is  the  laundry.  This 
building  comprises  washhouse,  soiled-linen  room,  drying-closets,  and  laundry, 
respectively  fitted  up  with  the  necessary  appliances. 

The  .stable  buUdings  are  ranged  round  a  courtyard,  in  the  centre  of  which 
is  a  marble  tank  and  fountain,  surmoimted  by  a  hanging  lamp  on  copper  standards. 

The  yard  is  entered  by  an  archway  under  a  clock-tower.  In  this  tower  is 
a  carillon  with  ten  bells,  fitted  with  a  key-board  on  which  the  bells  may  be  played 
after  the  fashion  of  the  carillons  in  the  old  Flemish  belfries. 

The  stables  are  divided  into  "own"  and  "strangers'"  stables,  the  former  being 
entirely  loose-boxes.    There  are  also  boxes  for  the  isolation  of  sick  horses. 

Harness-rooms,  cleaning-rooms,  men's  rooms,  and  cottages  for  coachmen,  are  all 
provided. 

Planned  in  connection  with  tliis  group  of  building  is  a  fives-court  approached 
from  the  garden,  and  in  connection  with  it  is  a  dressing-room,  lavatory,  &c. 

The  scheme  for  drainage  provides  for  the  separation  of  sewage,  storm-water, 
and  rain-water  from  roofs. 

The  supply  of  drinking-water  is  from  the  ancient  well  before  mentioned,  and 
a  stream  below  the  house,  means  being  provided  of  collecting,  settling,  filtering,  and 
pumping. 

Other  buildings  on  the  estate  comprise  farm  biiildmgs,  carpenters'  workshop.s, 
smithy,  slaughterhouse,  kennels,  dwellings  for  bailiffs  and  other  farm-servants. 


and  gas-works. 


AN  OLD  HOUSE  EE-MODELLED. 

Examples  of  various  houses  an-anged  so  as  to  secure  the  most  wholesome  con- 
ditions have  now  been  given,  in  which  certain  principles  are  embodied  as  being 
essential  to  health  j  it  will,  therefore,  be  interesting  to  examine  the  plans  of  a 
house  situated  in  one  of  the  most  fashionable  parts  of  the  metropolis— a  house  that 
was  erected  probably  about  the  close  of  the  last  century,  and  has  been  occupied  by 
eminent  statesmen  and  diplomatists,  as  well  as  by  a  prmcess  of  the  royal  family. 
At  the  commencement  of  its  occupancy  by  the  latter,  its  sanitary  an-angements  were 
improved  under  the  direction  of  Mr.  Aitchison,  A.R.A.,  as  well  as  was  possible 
without  veiy  considerable  re-construction.  The  accompanying  plans  may  suffice  to 
show  the  hopelessly  bad  arrangements  as  they  existed  prior  to  that  period ;  and  in 
this  respect  they  serve  to  indicate  what,  down  to  a  very  recent  period,  was  con- 
sidered harmless  even  where  expense  was  comparatively  unimportant.  The  arrange- 
ments can  be  studied  now  as  examples  to  be  avoided. 

Beginning,  then,  with  the  basement  storey,  it  will  be  seen  that  the  men's  water- 
closet,  with  the  duBl^bin,  occupied  one  of  the  vaults  beneath  the  pavement  of  the 
street.  It  was  absolutely  devoid  of  light,  and  had  no  other  ventilation  than  was 
admissible  by  the  door  from  the  cellar  through  which  it  was  entered  and  an  openmg 
into  the  dust-bin.  The  maid-servants'  closet  is  in  a  small  yard.  On  the  ground 
floor  a  water-closet  adjoins  the  dining  and  waiting-rooms,  being  entered  du-ectly 
from  the  latter,  while  its  soil-pipe  descended  through  the  larder  in  the  baisement. 
Another  water-closet  between  the  school-room  and  a  bed-room  was  so  placed  as  to 
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Have  no  direct  —ication         '^^''tti  t^^^^ 

the  adjoining  back  stairs,  which  themselves  were  ^^"''"^^'^^^^^^  ^thout 

water-closet  on  the  first  floor  opened  out  of  the  ^t^^^' ^^^^^^^^^  On  the 
light,  and  it  had  no  ventilation  save  what     ^^^^^'^  'm^^^^^^ 
second  floor  were  two  water-closets  :  one  opemng  out  of  a  room 

pvoperly-ventUated  lobby  separating  it  '^f''^'^^'''''^^^^  back 
Lough  tl^e  larder  in  the  basement;  and        P^^^' ,i,k-closet 

water-closets,  five  were  totally  dark  and  unventilated,  and  both  the  sink 


^'']:^^:TZe  closets  were  permitted'to  be  wholly  removed  theu^ 
condl^L  was  improved  to  a  considerable  extent  by  the  J-^^- 
.ood  apparatus,  and  sundry  reflectors  and  shafts  for  light  and  au-^  White  tdes  and 
Hyatt's  ligMs  we  introduced  in  the  men's  closet  in  the  basement ;  a  good  poroelan 
SLal  was"  substituted  for  the  old  tin  one  in  the  men's  cellar;  borrowed  lights  a^^d 
glass  lantern-lights  were  formed  in  some  of  the  other  closets ;  improved  «^ks  we  e 
Led  in  the  housemaids'  closets,  the  waste-pipes  being  ventilated  and  arranged  to 
discharge  in  the  open  air.  Other  sanitary  improvements  were  likewise  effected, 
such  as  arranging  cistern  overflow-pipes  to  terminate  in  the  open  air ;  all  mside 
drains  were  examined,  tested,  re-laid  where  necessary,  and  embedded  and  covered 
with  concrete,  and  internal  guUeys  and  connections  with  drains  entirely  done 
away  with.  In  these  and  other  ways  the  wholesomeness  of  the  house  has  been 
made  as  satisfactory  as  possible,  short  of  almost  entire  reconstruction. 
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CHAPTER  XXIII. 

NATURAL  AND  ARTIFICIAL  STONES. 

Granites-Slates-Marbles-Sandstones-Limestones-Portland  Stone-Bath  Stone-Various  Kinds  of 

Artificial  Stone. 

The  several  precautions  which  should  be  observed  in  selecting  a  durable  stone  for 
buildmg  have  already  (pp.  52—56)  been  described.  It  may  now  be  convenient  to 
supplenient  those  remarks  by  a  somewhat  more  detailed  description  of  the  various 
kinds  of  stone  available  in  this  countiy  for  building  purposes. 

Building-stones  may  be  divided  into  three  classes  :  gi-anites,  schists,  and  trappean 
rock;  sandstones;  limestones. 

Granite  is  classed  by  geologists  among  the  igneous  rocks,  and,  as  far  as  has 
been  yet  ascertained,  is  one  of  the  oldest  rocks  of  the  earth's  crust.  It  is  a  com- 
pound, subject  to  variations,  of  quartz,  mica,  and  felspar,  and  it  occurs  in  large 
mountain  masses,  or  in  veins  bursting  through,  and  altering  the  newer  adjacent 
formations. 

There  are  various  kinds  of  granite,  the  difference  being  caused  by  variations  in 
the  component  minerals.  When  hornblende  is  substituted  for  mica  the  rock  is 
called  syenite.  When  both  hornblende  and  mica  are  present  the  rock  is  called 
syenitic  granite. 

An  excess  of  felspar  produces  a  rock  that  is  readily  decomposed  by  exposure 
to  the  air  and  weather.  The  material  known  as  kaolin,  or  china  clay,  is  i^ro- 
duced  by  the  decomposition  of  a  felspathic  granite  found  in  Devonshire  and 
Cornwall.  Some  40,000  tons  of  this  clay  are  annually  collected  in  these  counties 
for  use  in  the  manufacture  of  pottery  and  porcelain. 

The  best  varieties  of  granite  in  use  in  Great  Britain  are  found  in  Scotland.  Of 
these  the  best  known  are  Aberdeen,  Peterhead,  and  Ross  of  Mull.  The  Comisli 
and  Devon  granites  are  not,  as  a  rule,  so  durable  as  the  Scotch  varieties.  When 
carefully  selected,  however,  they  are  durable  and  beautiful  stones.  Many  very 
beautiful  varieties  of  granite  are  found  in  Ireland, 

From  its  great  cost,  both  in  the  rough  and  in  working,  granite  is  not  adapted, 
except  in  the  immediate  neighbourhood  of  the  quarries,  for  general .  use  in  domestic 
work.  It  is  largely  used  as  a  building-stone  in  Aberdeen  and  other  places  in 
the  localities  where  it  is  found.  Many  of  the  old  churches  in  Brittany  are  built 
of  granite,  and  the  mouldings  and  traceiy  are  as  clear  and  perfect  as  the  day 
they  were  cut. 

Granite  is  susceptible  of  a  high  polish,  and  is  well  adapted  for  chimney-pieces 
and  other  works  of  a  decorative  character. 

Igneous  rocks  other  than  granite. — This  class  of  stones  is  of  small  importance  for 
architectural  purposes.  It  comprises  the  several  vai-ieties  of  the  trappean  rocks 
(basalt,  porphyry,  greenstone,  felstone,  &c.),  and  the  volcanic  rocks  (lava,  basaltic 
lava,  obsidian,  pumice,  &c.).  Some  of  the  varieties  of  porphyry,  basalt,  and 
greenstone  make  fairly  good  building-stone,  but  from  the  difficulty  of  working  and 
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their  usually  sombre  and  unattractive  appearance  they  are  not  generally  suitable  for 
architectural  purposes.  .  i-  li  „ 

Of  the  volcauic  rocks  it  is  only  necessary  to  notice  pumice,  a  "  light  porous  rock 
evidently  produced  by  the  disengagement  of  gases  in  tlie  mass  while  m  a  state  ot 
fusion  •  in  other  words,  the  solidified  froth  or  scum  of  molten  rock  matter. 
Pumice  is  used  in  polishing  wood,  stone,  metal,  glass,  and  ivory,  and  by  painters 
for  rubbing  and  cleaning  down  their  work.  Puozzolana,  a  recent  volcanic  tufa,  is 
employed  in  the  manufacture  of  cement.  •  •.  i- 

Metmnorphic  or  altered  rocfe.— Rocks  originally  sedimentary,  but  which  from 
various  causes  have  undergone  changes  which  have  entirely  obliterated  all  traces 
of  organic  life  (if  such  ever  existed),  at  least  so  far  as  our  present  knowledge 
extends,  are  called  metamorphic  or  altered  rocks  (Gr.,  /i€Ta,  change,  and  m°p<?"7,  form). 
The  rocks  belongmg  to  this  class  are  all  more  or  less  crystalline,  and  present 
many  different  evidences  of  the  influences  to  which  they  have  been  subjected. 
They  are  rarely  stratified,  but  are  frequently  bent  and  folded  into  every 
imaginable  form.  Some  present  strong  lines  of  cleavage,  such  as  the  slates  used 
for°roofing  purposes.  Others,  again,  as  serpentine,  have  the  appearance  of 
marble;  while  graphite,  which- is  probably  an  altered  form  of  anthracite,  Ls  the 
amorphous  material  so  well  known  as  black-lead. 

The  rocks  of  this  class  of  most  service  to  the  builder  are  the  slates.  The 
ordinary  slate  used  for  roofing  and  other  purposes  is  an  altered  form  of  clay  of 
fine  texture,  originally  deposited,  in  all  probability,  as  a  fine-grained  silt,  and 
subsequently  subjected  to  enormous  compression.  Embedded  in  it  are  frequently 
found  cubes  of  iron  pyrites,  chert  or  siliceous  concretions,  and  crystals  of 
hornblende,  augite,  and  chiastolite,  a  mineral  occurring  in  long,  slender  prisms, 
which  cross  and  lie  over  each  other  like  the  Greek  letter  x  (x'"<^Toy,  crossed,  and 
Kidos,  a  stone).t  These  cubes  of  iron  pyrites  are  sometimes  made  the  ground  of 
objection  to  the  slates  containing  them,  it  being  supposed  that  they  are  liable 
to  fall  out,  and  so  leave  holes  or  empty  spaces.  This  objection  is  not,  however, 
very  serious,  as  slates  with  these  embedded  cubes  have  been  known  to  last 
for  many  years  without  signs  of  injury.  The  special  value  of  slate  for  roofing 
purposes  is  the  ease  with  which  it  can  be  split  along  the  planes  of  cleavage. 

Serpentine  is  described  by  Mr.  Page  as  "  an  intimate  admixture  of  "various 
magnesio-sdiceous  ingredients  (chlorite,  steatite,  diallage,  lince,  (fee),  Avhich  produce 
a  rock  of  a  speckled  or  mottled  appearance  resembling  a  serpent's  skin ;  hence  the 
name  Serpentine."  In  colour,  serpentine  is  usually  red  or  green,  with  veins  of 
white  blotches  and  streaks  of  green,  blue,  and  red.  Some  varieties  are  clouded. 
The  best-known  variety,  from  the  Lizard,  in  Oornwall,  has  a  dark  olive-green  ground, 
mth  streaks  of  blood-red  mixed  with  other  tmts. 

Serpentine  is  much  used  for  interior  decorative  purposes,  but  is  totally  unfit  for 
outdoor  use  on  account  of  its  bad  weathering  qualities. 

Besides  the  well-known  Cornish  serpentine,  this  stone  is  found  in  Wales  (Angle- 
sea),  Scotland  (Portsay,  Aberdeenshii'e,  and  the  Shetland  Isles),  and  in  Ireland. 
The  Connemara  or  Irish  green  marble  is  a  variety  of  serpentine. 

The  other  varieties  of  metamorphic  rocks  are  of  little  importance  as  materials 
for  architectural  purposes.     The  metamorphosed  limestones  yield  marbles  which, 

*  Page,  "  Advanced  Text-Book  of  Geology,"  p.  138.  t  Page,  "  Advanced  Text-Book." 
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from  their  crystalline  texture  and  veined  appearance,  are  in  great  request  for  sculp 
ture.  The  purest  white  marble  comes  still,  as  it  did  when  Michael  Angelo  made 
journeys  to  the  quarries  to  select  his  own  blocks,  from  the  famous  quarries  of 
Carrara. 

The  mica  schists,  gneisses,  and  chlorite  schists,  are,  in  some  localities  where 
ordinary  building-stones  are  scarce,  employed  in  building,  but,  though  durable,  they 
are  very  unsatisfactory  in  appearance. 

Steatite,  or  soapstone,  is  useful  for  ornamental  purposes— such  as  inlayinc',  and 
for  vase.s. 

Next  in  order  comes  the  important  group  of  building-stones  known  as  sandstones. 

Sandstones  consist  for  the  most  part  of  grains  of  quartz  (silica),  cemented 
together  by  silica,  carbonate  of  lime,  carbonate  of  magnesia,  and  oxide  of  iron,  in 
varying  proportions,  or  by  combinations  of  these  substances.  They  vary  in  texture, 
colour,  and  durability,  to  a  very  great  degree,  the  nature  of  the  cementing  material 
being  the  chief  element  of  strength  or  weakness. 

The  following  classification  is  made  of  the  several  varieties  of  sandstones  :  

Liver  rock. — The  best  and  most  homogeneous  stone,  and  which  can  be  obtained 
in  the  largest  blocks  without  joints,  "thick-bedded." 

Flag-stones. — Laminated  stones,  which  split  easily  along  the  lines  of  bedding,  used 
for  paving- stones. 

Tile-stones. — Thinner-bedded  stones  than  the  last;  used  in  some  localities  for 
roofing. 

Freestone. — A  term  applied  equally  to  limestones  and  sandstones  which  are 
easily  wrought. 

Grits. -.-The  coarser  varieties  from  the  well-known  millstone-grit  formation; 
strong,  hard,  and  durable  stones. 

The  best  test  of  the  wearing  quality  of  a  sandstone  under  ordinary  atmospheric 
conditions,  apart  from  special  circumstances— as  the  smoke  in  towns,  emanations  from 
factories,  &c. — is  the  weathered  face  of  the  stone  in  an  old  quarry  or  cliff,  or  in 
some  old  building.  In  the  report  (16th  March,  1839)  of  the  Commissioners*  for 
selecting  the  stone  to  be  used  in  building  the  new  Houses  of  Parliament,  several 
interesting  particulars  are  given  of  the  condition  of  the  stonework  in  old  buildings, 
from  which  the  following  is  an  extract : — 

"  Of  the  sandstone  buildings  which  we  examined,  we  may  notice  the  remains  of 
Ecclestone  Abbey,  of  the  thirteenth  century,  near  Barnard  Castle,  constructed  of  a 
stone  closely  resembling  that  of  the  Stenton  quarry  in  the  vicinity,  as  exhibiting 
the  mouldings  and  other  decorations,  even  to  the  dog's-tooth  ornament,  in  excellent 
condition.  The  circular  keep  of  Barnard  Castle,  apparently  also  built  of  the  same 
material,  is  in  fine  preservation.  Tintern  Abbey  may  also  be  noticed  as  a  sand- 
stone edifice  that  has,  to  a  considerable  extent,  resisted  decomposition,  for  although 
it  is  decayed  in  some  parts,  it  is  nearly  perfect  in  others.  Some  portions  of  Whitby 
Abbey  are  likewise  in  a  perfect  state,  whilst  others  are  fast  yielding  to  the  effects  of 
the  atmosphere.  The  older  portions  of  Ripon  Cathedral,  constructed  of  sandstone, 
are  in  a  fair  state  of  jjreservation.  Rivaulx  Abbey  is  another  good  example  of  an 
ancient  sandstone  building  in  a  fair  condition.    The  Norman  keep  of.  Richmond 

*  The  Commissioners  were  Dr.  William  Smith,  Mr.  (afterwards  Sir  Henry)  De  la  B6che,  Mr. 
(afterwards  Sir  Charles)  Barry,  and  Mr.  C.  H.  Smith. 
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Oastle,  in  Yorkshire,  affords  an  instance  of  a  moderately  hard  sandstone,  which  has 

^'''Zt^s^'^ton.  buildings  of  more  recent  date  in  a  good  state  of  pre^ 
servattrriy  mention  Hardwicke  Hall,  Haddon  Hall,  and  all  the  bmldmgs  o 
(^^LT^^^rone^Edix^burgh  audits  vicinity.  Of  sandstone  edifices  xn  an  advanced 
state'of  decomposition,  we  may  enumerate  Durham  Cathedral,  tl^e  churches  at  New^ 
castle-upou-Tyne,  Carlisle  Cathedral,  Kirkstall  Abbey,  and  Fountains  Abbey.  The 
sandstone  churches  of  Derby  are  also  extremely  decomposed ;  and  f^-'^^ 
Peter's  at  Shaftesbury  is  in  such  a  state  of  decay  that  some  portions  of  the  building 
are  only  prevented  from  falling  by  means  of  iron  ties."        ,     ,  .     ,  .y.  . 

The  facts  recited  in  the  foregoing  extract  show  pretty  clearly  the  durability  ot 
certain  kinds  of  sandstones,  and  the  importance  of  exercising  the  ^-eatest  care  in 
selection  It  should  also  be  noted  that  in  the  case  of  several  of  the  buildmgs 
referred  to  above,  the  roofs  and  windows  have  long  since  been  removed,  and  the 
masonry  subjected  to  the  severest  possible  test  of  the  durability  of  the  stone 
employed  in  its  construction.  , 

The  Stenton  or  Stainton  stone,  mentioned  as  employed  m  the  construction  ot 
Ecclestone  Abbey  and  Barnard  Castle,  is  a  light-brown  sandstone  from  the  coal 
measures.  The  soimder  parts  of  Whitby  Abbey  are  buHt  of  a  new  red  sandstone 
called  Bottom  Quarry  from  Aislaby,  Whitby.  Tintern  is  built  with  a  stone  from 
the  old  red  sandstone  formation  known  as  Barbadoes,  quarried  at  Chepstow. 

As  a  rule,  the  fiue-graiiied  sandstones  are  the  most  durable,  though  some  of  the 
coarse  grits  are  of  great  durability.  The  millstone-grit,  before  referred  to  (the 
"  farewell-stone "  of  the  coal-miner),  is  the  most  durable  of  the  coarser-grained 
varieties.  The  sandstone  which,  in  Caernarvon  Castle,  alternates  with  the  lime- 
stone is  probably  millstone-grit*  Sandstone  not  unfrequently  contains  nodules  of 
iron  pyrites.  When  this  is  the  case  the  stone  is  not  fit  for  use  in  facing,  as  the  iron 
oxidises  and  weathers  out  into  holes. 

In  the  "Notes  on  Building  Construction,"  Part  III.,  a  Table  is  given,  showing 
the  results  of  experiments  on  the  relative  amount  of  absorption  in  different  sand- 
stones. Of  seven  different  kinds  of  stone  tested,  the  per-centage  of  absorption  varies 
from  8-00  in  Craigleith-stone  to  20-00  in  Hassock.  These  two  stones  represeiat  the 
two  extremes,  Craigleith-stone  being  one  of  the  most  valuable  sandstones,  and 
Hassock  about  the  very  worst. 

Between  these  two  extremes  are  several  qualities  of  stone,  many  of  which  are 
durable  and  safe  stones  to  be  used,  provided  always  that  judgment  and  discretion 
be  exercised  in  selecting  the  blocks.  As  examples,  Park  Spring,  the  best  beds  of 
Mansfield,  Heddon,  Bramley  Fall,  Forest  of  Dean,  and  many  of  the  Yorkshire  and 
Scotch  varieties,  may  be  mentioned. 

Besides  these,  there  are  many  varieties  of  sandstones  only  locally  used.  In 
the  Wealden  district,  for  example,  are  many  very  useful  and  durable  stones,  of 
one  or  other  of  which  most  of  the  old  churches  in  the  locality  are  built.  Much 
valuable  information  on  local  stones  and  quarries,  and  their  weathering  qualities,  is 
contained  in  the  "  Memoirs  "  of  the  Geological  Survey. 

Limestones. — Limestone  is  a  term  applied  to  rocks  the  greater  part  of  which 
consists  of  carbonate  of  lime.    The  group  of  stones  coming  under  this  head  may 

*  Eamsay,  "  Physical  Geology," 
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be  divided  mto  five  classes:  compact  limestone;  shelly  limestone;  oolitic  or 
granular  limestone  ;  magnesian  liinestone  ;  marhles. 

Compact  limestones  are,  as  a  rale,  dull  in 'colour,  and  non-crystalline  in 
structure.  The  well-known  Kentish  rag  is  a  member  of  this  class.  The  Lias 
limestone,  from  which  a  most  useful  hydraulic- lime  for  building  purposes  is 
obtained,  is  also  a  compact  variety.  This  group  is  not  of  very  great  importance 
tor  general  building  purposes. 

Shelly  limestones  consist  of  vast  numbers  of  fossil  shells  naturally  cemented 
together,  and  in  many  instances  are  sufficiently  hard  to  take  polish.  Purbeck 
marble,  so  largely  used  in  the  interiors  of  our  old  cathedrals,  and  Sussex,  or 
Petworth,  marble,  are  examples  of  this  class  of  stone. 

The^  group  called  oolitic,  or  granular,  from  the  appearance  of  the  stone, 
which  IS  that  of  egg-shaped  grains  cemented  together,  is  perhaps  the  most 
important  of  all  the  limestone  groups.  The  grains  themselves,  which  vary  in 
size  in  different  stones,  consist  of  carbonate  of  lime,  and  the  cementing  material 
is  either  the  same  substance,  or  a  mixture  of  carbonate  of  lime  with  sUica, 
carbonate  of  magnesia,  or  alumina.  Portland,  Bath,  Caen— all  well-known  and 
extensively-used  stones — are  members  of  this  group. 

Magnesian  limestones  are  those  in  which  the  proportion  of  carbonate  of  magnesia 
exceeds  15  per  cent.  The  more  nearly  the  carbonates  of  lime  and  magnesia  approach 
equivalent  proportions,  the  better  is  the  stone.  When  the  proportion  is  that  of 
one  molecule  of  carbonate  of  lime  to  one  molecule  of  carbonate  of  magnesia,  the 
stone  is  called  (after  a  French  geologist,  Dolomieu,  who  first  noticed  this  stone  in 
the  Alps)  dolomite.  The  greater  durability  of  this  stone  is  probably  due  not  so 
much  to  the  increased  amount  of  magnesia  in  it,  as  to  the  fact  that  instead  of  being 
composed  of  different  sorts  of  crystals— some  formed  of  carbonate  of  lime,  and  others 
of  carbonate  of  magnesia — the  entire  mass  is  made  up  of  rhomboids,  each  of  which 
contains  both  substances  homogeneously  crystallised  together.*  The  celebrated 
quarries  of  the  Mansfield  district  yield  several  varieties  of  magnesian  limestone,  of 
which  that  known  as  "Mansfield  Woodhouse  "  most  nearly  approaches  the  pro- 
portions of  dolomite,  Bolsover  Moor,  Anston,  and  Roche  Abbey  are  durable 
stones  of  this  class. 

All  limestones  which  are  of  sufficient  hardness  to  take  a  polish  are  called 
marbles.  Many  of  this  group  are  highly  fossiliferous,  and  some,  such  as  the 
encrinital  marbles  of  Derbyshii'e,  are  known  by  the  name  of  the  most  conspicuous 
fossil  embedded  in  them.  The  best-known  varieties  are  those  of  Devonshire 
and  Derbyshire.  From  Ireland  varieties  of  useful  and  beautiful  marble  are 
obtained. 

Limestones,  like  sandstones,  vary  very  greatly  in  their  weathering  qualities. 
A  notable  instance  of  this  is  to  be  found  in  the  city  of  Oxford.  There  the 
extremely  decayed  condition,  of  the  stonework  of  many  of  the  colleges  and  other 
buildings  is  remarkably  conspicuous,  whilst,  on  the  other  hand,  some  of  the 
buildings,  particularly  the  chapel  of  Merton  College,  are  as  well  preserved  as 
others  are  decayed.  The  reason  of  this  is  to  be  found  in  the  fact  that  two  different 
kinds  of  stone  have  been  used — one,  a  shelly  oolite,  in  all  probability  Tamton 
stone,  which  has  weathered  well ;  the  other,  a  soft,  friable,  coralline  oolite  from 

•  0.  H.  Smith's  "Lithology,"  Transactions  of  R.I.B.A.,  1844. 
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Headington,  which  has  largely  decomposed.  Caen  stone  an  ooh^c  ^^^^^^'J^ 
except  great  care  be  taken  with  the  selection,  a  very  unsafe  stone  foi  ^^^^^^^^  " 
In  Mr.  Henry  Thomas  Hope's  house*  at  the  corner  of  Down  ^'^f f"^! 
(now  the  Junior  Athen^Bum  Club)  the  stonework  was  executed  in  Caen  stone 
Great  cai-e  was  exercised  in  the  selection  of  the  blocks,  and  the  proje  tmg 
mouldings  and  cornices  were  covered  with  thin  sheet  lead,  ^vlth  the  most  satis- 
factory  results.  ■ 

Portland  stone  one  of  the  most  valuable  of  all  the  buUding-stones  we  possess. 
It  has  been  used  for  ahnost  all  important  buildings  in  London  from  the  beginning 
of  the  seventeenth  century  until  the  present  time,  and  the  experience  ot  that 
period  certainly  warrants  its  being  placed  in  the  front  rank  both  for  appearance  and 
dui-ability.  St.  Paul's  Cathedi-al  is  built  of  this  stone,  and  the  care  with  which 
Sir  Christopher  Wren  selected  the  blocks  for  actual  use  is  evidenced  to  this  day 
by  the  blocks  discarded  by  him  still  lying  in  the  vicinity  of  the  quarry.  Most 
of  the  City  churches  erected  by  Sir  Christopher  Wren  are  built 
of  Portland  stone,  and,  as  a  rule,  have  withstood  the  ravages  of  the 
London  atmosphere  well. 

Several  qualities  of  stone  are  obtained  from  the  Portland  quarries, 
the  most  valuable  being  known  as  the  True  Roach,  Whitbed,  Bastard 
Roach,  and  Base  Bed.  Of  these,  True  Roach  is  the  best  for  heavy 
structural  purposes  and  for  rough  masoniy.  It  is  distinguished  from 
Bastard  Roach  by  the  presence  of  a  small  fossil  univalve  shell,  called 
by  the  workmen  the  Portland  Screw  {Cerithium  Fortlandicum — 
Fig.  179). 

Whitbed  is  the  most  useful  for  general  purposes.  Close  and 
fine  in  textm-e,  it  is  hard,  and  weathers  well. 

Bastard  Roach  is  like  True  Roach  in  the  fact  of  its  being  gene- 
rally very  fossiliferous.  It  is,  however,  a  much  inferior  stone,  and 
not  fit  for  use  in  exposed  situations,  or  where  it  would  be  liable  to  much  traffic 


Fig.  179.— C.  Port- 
landicnin. 


or  wear. 


Base  Bed  is  softer  than  either  of  the  foregoing,  and  is  only  suitable  for  interior 
work.    It  is  a  good  stone  for  carving,  being  easy  to  work  and  uniform  in  texture. 

Chilmark,  or  Tisbuiy  stone,  is  a  useful  stone,  and  of  good  weathering  qualities. 
Salisbury  Cathedral  is  built  of  this  stone,  and  it  was  used  in  the  restoration  of 
the  Chapter  House,  Westminster  Abbey. 

Bath  stone  is  perhaps  the  most  widely-used  building-stone  in  this  country. 
It  varies  very  considerably  in  quality,  some  varieties  being  quite  unfit  for  exterior 
work,  whilst  others  stand  the  action  even  of  the  London  atmosphere  fairly  well. 
The  best  bed  is  that  known  as  Box  Ground.  Some  beds  of  Combe  Down  weather 
well,  others  badly.  Farleigh  Down  and  Corsham  Down  are  both  soft  stones,  tit 
only  for  interior  work.  Corsham  Ridge  is  a  newly-opened  quarry,  the  stone  from 
which  was  used  in  the  facing  and  carved  pediments  at  the  Westminster  Aquarium. 
Its  weathering  qualities  have  yet  to  be  ascertained. 

Kentish  Rag,  a  compact  limestone,  is  an  excellent  stone  for  rubble  work.  Both 
for  appearance  and  durability,  it  should  always  be  used  with  a  rough  hammered 
face,  not  tooled. 


Mons,  Dusillion  and  Professor  Donaldson,  joint  architects. 
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The  report  of  tlie  Conmiissioners  for  selecting  the  stone  for  the  Honses  of 
Parliament,  before  referred  to,  recommends  the  use  of  limestones  in  preference  to 
sandstones,  "  on  accovmt  of  their  more  general  uniformity  of  tint,  their  comparatively 
homogeneous  structure,  and  the  facility  and  economy  of  their  conversion  to  buildin. 
purposes.  » 

It  may  also  be  taken  as  a  fact  that  limestone  is  ordinarily  more  reliable  under 
the  influence  of  fire  than  sandstone.  In  an  experiment  made  after  the  destmction 
by  fire  of  old  Doncaster  Church,  it  was  found  that  while  a  large  block  of  sand- 
stone flew  to  pieces  after  being  placed  in  a  fire  but  a  short  time,  a  similar  block  of 
limestone  was  only  superficially  calcined  after  twenty-four  hours'  exposure  to  the 
names.* 

The  various  kinds  of  artificial  stone  which  have  been  introduced,  with  a  view 
to  provide  a  durable  material  for  use  in  localities  where  natural  stone  is  difficult  to 
procure,  call  for  some  description  here. 

Eansome's  artificial  stone  is  practically  a  sandstone,  the  constituent  parts  of 
which  are  simUar  to  those  of  Oraigleith  stone.  Flints  dissolved  by  means  of  caustic 
alkali  under  high  pressure  are  mixed  with  fine  sharp  sand  in  a  pug-mill,  and  the 
viscous  tenacious  substance  that  results  is  moulded  into  the  desired  forms.  The 
blocks,  when  turned  out  of  the  moulds,  are  first  saturated  with  a  cold  solution 
of  chloride  of  calcium,  and  then  immersed  in  a  hot  bath  of  the  same.  The  silicate 
of  soda  (the  result  of  the  dissolved  flints)  and  the  chloride  of  calcium  coming  in 
contact  instantaneously  decompose,  the  silica  combining  with  the  calcium  to  form 
silicate  of  lime,  the  cement  which  binds  the  materials  together,  whilst  the  chlorine 
and  soda,  together  forming  chloride  of  sodium,  are  subsequently  Avashed  out. 

The  result  of  this  ingenious  and  interesting  process  is  a  fine-grained  homogeneous 
sandstone  which  can  be  carved  and  dressed  like  the  best  kinds  of  natural  stone. 
The  facility  with  which  the  substance,  when  in  a  soft  state,  can  be  moulded  to  the 
most  delicate  forms  desired  is  one  of  the  chief  advantages  of  the  jDrocess.  In  fact,  it 
is  this  quality  which  makes  the  use  of  artificial  stone  possible,  as  for  ordinary  blocks 
the  cost  is  somewhat  more  than  that  of  most  natural  stone. 

"  Apsenite "  and  Victoria  stone  are  varieties  of  artificial  stone  with  slightly 
difi^erent  component  parts.  Victoria  stone  has  been  extensively  used  for  paving 
pui-poses,  and  was  employed  for  the  whole  of  the  external  stonework,  except  the 
cornice,  at  Fresh  Wharf,  London  Bridge ;  and  also  for  parts  of  Messrs.  Peak  and 
Frean's  biscuit  factory  at  Bermondsey. 

Chance's  artificial  stone  is  made  by  melting  the  Rowley  Rag,  a  basaltic  stone, 
found  in  the  Rowley  Hills,  near  Dudley,  in  Staffordshire,  and  then  casting  it  into 
the  required  shapes. 

Rust's  vitrified  marble  is  a  mixture  of  glass  and  sand  fused  together  and  moulded 
in  metal  moulds.  Colour  is  added  when  the  substance  is  in  a  semi-fluid  state,  by 
mix  inc  with  it  oxides  of  the  various  metals.  It  is  also  used  in  small  tesserae  for 
marble  mosaic. 

•  Becket,  "  Book  ou  Building. " 


EXAMINATION  OF  A  HOUSE, 


271 


CHAPTER  XXIV. 

KEPAIES    AND  ALTEKATIONS. 
Need  of  Strict  Examination-Landlord  and  Tentuit-Damp-Koof  s-Painting-Minor  Kepairs. 

A  SUBJECT  which  interests  most  occupiers  of  houses  of  every  class,  and  one  which 
is  intimately  connected  with  the  conditions  combining  to  make  a  house  healthy  or 
the  reverse,  as  well  as  comfortable,  is  that  of  repairs. 

Dwelling-houses,  especially  those  of  the  smaller  type  of  suburban  villa,  are  more 
commonly  built  with  a  view  to  a  speedy  sale  than  to  lasting  out  the  term  of  their 
leases,  or  to  fulfilling  the  conditions  proper  to  healthy  habitations. 

The  protection,  moreover,  which  the  law  is  supposed  to  afford  to  purchasers  and 
tenants,  against  scamping  and  dishonest  workmanship,  the  use  of  improper  materials, 
and  the  disregard  of  all  sanitary  laws— sins  of  omission  and  commission  common  to  so 
many  buUders  of  the  speculative  class— is  unfortunately  in  very  many  districts 
entirely  wanting.  Some  progress,  however,  has  been  made  in  recent  years  in  the 
right  direction ;  but  while  local  boards  and  vestries  are  discussing  various  points 
of  detail  in  their  proposed  bye-laws— occasionally  with  the  avowed  object  of  delaying 
the  adoption  of  the  regulations,  in  order  that  the  local  builders  may  be  unshackled 
as  long  as  possible — ^liouses  are  being  run  up  by  the  score,  doomed  to  be  a  never- 
ending  and  constantly-increasing  source  of  expense  to  their  unfortunate  purchasers, 
an  annoyance  to  their  occupiers,  and  threatening  to  perish  from  premature  decay 
long  ere  the  term  of  the  ground  lease  has  run  its  course. 

Under  these  circumstances,  it  behoves  every  intending  tenant  Or  purchaser  to 
make  the  most  searching  examination  he  can  of  the  house  he  purposes  to  inhabit. 
In  the  case  of  a  tenant,  he  must  learn  the  all-important  lesson  that  the  law  recog- 
nises the  implication  of  no  covenant  or  promise  on  the  part  of  the  lessor  that  the 
house  proposed  to  be  let  is  even  reasonably  fit  for  habitation,  or  that  it  will  endure 
dming  the  term  of  the  intended  lease.    Nothing  can  be  more  distinct  than  this,  and 
the  very  harshness  of  its  operation  should  of  itself  deter  tenants  from  rashly  sad- 
dling themselves  with  unseen  and  undreamt-of  liabilities.    Even  in  the  case  of  a  house 
let  on  a  yearly  agreement,  in   the  absence  of  any  express  stipulation  to  the 
contrary,  the  landlord  is  not  bound  even  to  maintain  the  roof  over  his  tenant's  head  ; 
neither  is  he  bound  to  keep  the  drains  in  proper  condition,  or  to  uphold  or  repair 
the  premises  in  any  way.    Hence  the  necessity  for  tenants  to  insist  upon  proper 
stipulations  in  their  agreements;  or  if  themselves  undertaking  the  repairs,  to  protect 
themselves  by  taking  competent  advice  as  to  the  structural  and  sanitary  conditions 
of  the  house  to  be  leased.    Hence,  also,  the  great  importance  of  some  proper  and 
vigilant  supervision  on  the  part  of  the  local  authorities  over  the  construction  of 
dwelling-houses,  especially  those  destined  for  the  occupation  of  the  middle  and 
poorer  classes.    The  Legislature  has  given  them  ample  power  to  deal  with  such 
matters,  and  it  only  remains  with  them  to  assume  those  powers  and  to  con- 
scientiously carry  them  out. 

On  the  other  hand  there  is  on  the  part  of  the  tenant  an  im|i)lied  covenant  to 
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uphold  and  maintam,  notwithstanding  the  absence  of  any  express  covenant  to  that 
eflect. 

The  usual  form  of  covenant  to  repaii-,  as  inserted  in  leases  for  terms  of  years  is 
most  comprehensive,  and  though  it  varies  somewhat  in  stringency  in  different 
leases,  it  may  be  taken  as  a  rule  to  require  the  house  and  premises  demised  to  be 
kept  in  fair  tenantable  condition,  with  little  or  no  allowance  for  wear  and  tear.  It 
IS  true  that  legally  a  tenant,  in  repairing,  is  not  bound  to  use  new  materials  The 
distinction  is,  however,  in  practice  very  slight :  so  slight,  indeed,  that  as  a  matter  of 
fact  it_^  never  observed  ;  and  the  landlord  may,  and  often  does,  succeed  to  a  house 
little,  if  at  all,  detenorated  in  value  since  the  granting  of  the  lease. 

All  this  sounds,  and  frequently  is,  very  harsh  and  exacting  upon  an  outgoing 
tenant.  There  is  all  the  more  necessity,  therefore,  for  a  strict  adherence  to  the 
caution  above  given  of  examining  well  and  carefully  the  condition  of  every 
part  of  a  house  about  to  be  inhabited. 

To  proceed,  then,  to  the  consideration  of  the  parts  to  be  most  critically  examined, 
and  the  methods  to  be  adopted  in  such  examination. 

Obviously  the  first  point  to  which  attention  should  be  directed  is  the  system  of 
drainage.  If  all  drains  were  laid  as  they  ought  to  be,  and  as,  with  but  little 
additional  outlay,  they  might  be,  there  would  be  no  difficulty  whatever  in  ascertaining 
in  a  very  short  space  of  time  in  what  position  and  in  what  condition  they  were ; 
indeed,  it  would  be  well  if  every  intending  pui-chaser  or  tenant  were  to  insist  on 
actually  seeing  the  whole  course  of  the  drains ;  and  if  this  be  impossible,  he  should 
require  the  lessor  to  take  them  up,  and  relay  them  in  straight  lines,  and  with 
uniform  gradients  between  the  several  points  where  changes  of  direction  or  gradient 
are  necessary,  so  that  by  means  of  suitable  inspection-holes  they  could  at  any 
moment  be  examined.  Of  course,  these  improvements  in  the  drains  of  the  house  will 
have  to  include  suitable  means  of  shutting  off  the  passage  of  air  from  the  public 
sewer  into  the  house  drains. 

There  will  undoubtedly  be  much  difficulty  for  some  years  to  come  in  the 
adoption  of  such  a  course,  inasmuch  as  it  has  not  hitherto  been  customaiy  for  the 
speculating  builder  to  anticipate  such  a  proceeding  on  the  part  of  the  would-be 
tenant,  and  therefore  he  is  at  present  more  or  less  master  of  the  situation,  and  must 
be  expected  to  do  his  best  to  remain  so.  But  if  the  public  are  led  to  demand  proper 
ai-rangements,  such  arrangements  must  ultimately  be  provided.  Under  the  existing 
conditions,  unfortunately,  instead  of  drains  being  laid  in  accessible  positions  wliolly 
exterior  to  the  house,  and  in  lines  the  most  direct  possible,  they  are  usually  carried 
at  haphazard,  according  to  the  judgment  of  the  jobbing  drain-layer,  and  laid  from 
point  to  point  as  they  happen  to  be  wanted,  with  curved  bends  and  extemporised 
junctions  innumerable ;  and  very  frequently  they  are  placed  under  the  floor  of  the 
living-rooms,  perhaps  resting  on,  instead  of  being  buried  in,  the  ground.  Means  of 
access  are  not  even  thought  of,  much  less  provided,  the  only  thought  apparently 
being  to  hide  all  traces  of  them,  and  to  render  the  search  Avhich  wiU  inevitably  have 
to  be  made  as  difficult  and  as  costly  as  possible.  In  a  future  chapter  will  be 
found  described  how  a  drain  ought  to  be  laid ;  it  is  merely  necessary  here  to  point 
out  that  without  proper  means  of  access  to  at  least  two  points  in  the  drain  of  even 
the  smallest  house,  that  house  cannot  be  said  to  be  properly  complete.  The  intending 
tenant  or  purchaser  should,  however,  do  more  tlian  insist  upon  proper  means  of 
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access  to  the  drain  being  provided ;  even  if  fclie  expense  have  to  be  borne  by  himself,  he 
should  have  the  drain  opened  at  two  points  and  "  tested  :  "  that  is,  filled  with  water, 
the  lower  end  first  being  stopped  with  clay  or  by  other  means,  in  order  to  ascertain  if 
any  leakage  exists  in  any  pai-t.  The  presence  of  a  leak  will  immediately  make 
itself  known,  either  by  its  being  found  impossible  to  completely  fill  the  drain,  or  by 
the  water  slowly  wasting  away  after  the  pipe  has  been  filled. 

While  on  the  subject  of  drains,  the  intending  tenant  will  do  well  to  examine 
carefully  all  the  traps  and  water  aiTangements,  to  see  how  far  they  tally  with 
the  principles  of  sound  sanitary  conditions.  So  far  as  many  of  these  arrangements 
are  concerned,  some  help  is  in  many  places  now  afforded  to  tenants  and  occupiers  by 
the  regulations  of  the  water  companies  for  the  prevention  of  waste  of  water. 
The  officers  of  these  authorities  usually  look  carefully  after  the  fittings  and 
waste-pipes,  and  insist  upon  builders  complying  with  their  regulations ;  and 
those  regulations  are,  as  a  rule,  based  upon  sound  principles  of  sanitary 
construction.  One  of  the  commonest  sources  of  expense  and  annoyance  is  the 
water-supply  pipe.  Frequently  of  insufficient  substance  of  metal,  fixed  in 
the  most  exposed  positions,  and  with  weak  and  faulty  joints,  what  wonder 
that  with  every  severe  winter  one  part  or  another  bursts,  and  floods  ceilings, 
walls,  and  floors'?  The  ball-valve,  too — that  bugbear  of  householders — either 
refuses  to  shut  off  the  water,  or  when  the  cistern  is  empty  declines  to  fall, 
and  so  prevents  the  ingress  of  the  water.  These  and  many  other  evils,  such  as 
the  leakage  of  taps,  which  the  plumber,  when  called  in  to  examine,  pronounces 
to  want  "  grinding  in  " — an  operation  which  he  performs  periodically,  greatly  to 
his  own  benefit,  but  at  a  cost  to  the  householder  somewhat  greater  than  that 
of  a  new  tap — are  only  to  be  obviated  by  the  proper  provision  at  the  outset 
of  everything  of  the  best  and  most  durable  quality. 

An  intending  tenant  or  purchaser  of  a  house,  who  is  limited  in  point  of  locality 
to  a  certain  given  neighbourhood,  cannot,  of  course,  exercise  much  discretion 
in  the  matter  of  site.  He  can,  however,  take  some  steps  to  ascertain  whether 
the  ground  on  which  he  proposes  to  dwell  has  or  has  not  been  the  place  of  deposit 
for  the  vegetable  and  other  debris  of  the  neighbourhood.  He  can  also,  if 
he  take  timely  precaution,  insist  upon  the  surface  of  the  ground  under  the 
floors  being  covered  with  concrete  or  other  impervious  material,  to  prevent 
the  evils  arising  from  the  exhalation  of  ground-aii-  or  ground-moisture  iiato  his 
dwelling. 

He  can  further,  by  careful  examination,  ascertain  whether  a  proper  damp, 
proof  course  has  been  introduced  in  the  walls  of  his  house,  and  if  the  ground 
has  been  raised  above  the  level  of  the  damp-course,  he  can  have  it  removed, 
and  either  lower  the  level  of  the  ground  near  the  house,  or  have  a  dry  area 
formed  round  it,  in  the  manner  described  in  the  earlier  part  of  this  work.  If  his 
house  has  been  built  without  the  insertion  of  a  proper  damp-proof  course 
in  the  walls,  it  will  be  worth  consideration  whether  the  house  deserves  his 
further  attention.  From  the  conditions  of  the  site  and  the  character  of  the 
subsoil,  it  may  be  that  but  little  damp  will  rise  in  the  walls,  or  the  walls 
themselves  may  be  constructed  of  exceptionally  hard  and  impermeable  materials  • 
otherwise,  if  the  house  is  one  that  possesses  so  many  important  advantages 
that  no  other  will  suit,  it  may  be  worth  while  to  have  a  damp-proof  course  inserted 
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in  the  walls-^a  process  involving  much  care  and  patience  on  the  part  of 
the  person  employed  to  do  the  work,  but  nevertheless  one  that  is  quite 
possible,  though  it  may  involve  what  may  be  regarded  as  a  rather  considerable 
expense.  It  can  hardly  be  expected  that  the  ordinary  householder,  who 
perhaps  considers  himself  not  justified  in  incurring  the  expense  of  employing 
a  competent  professional  adviser,  should  witli  any  advantage  to  himself  be 
able  to  exercise  judgment  in  the  matter  of  such  materials  as  bricks,  stone, 
and  mortar.  He  can,  however,  recognise  lime  when  he  sees  it,  and  he  can  also 
discriminate  between  sand  and  road-sweepings.  It  will  therefore  be  competent 
for  him  to  prevent  the  use  of  the  latter  material  in  the  formation  of  mortar. 
The  salient  characteristics  of  good  bricks  and  stone  have  been  described  in 
a  preceding  chapter ;  further  information  than  what  is  there  contained  can 
hardly  be  of  service,  as  without  experience  and  practice  all  theories  are  of 
little  practical  value. 

If  the  external  walls  are  formed  of  such  pervious  materials  as  to  let  driving 
rain  penetrate  them,  the  remedy  will  have  to  be  sought  in  the  aijplication 
on  the  outside  of  some  impermeable  material,  such  as  good  Portland  cement, 
tiles,  or  slates  laid  upon  battens  fastened  to  the  walls.  In  some  instances 
the  walls  may  with  advantage  be  pitched,  or  they  may  be  painted — a  process, 
however,  which  is  rather  costly,  and  must  be  renewed  at  somewhat  frequent 
intervals. 

If  the  householder  would  steer  clear  to  the  utmost  of  his  power  of  all 
unnecessary  repairs,  let  him  by  all  means  eschew  houses  into  the  external 
architecture  of  which  stucco  or  cheap  Bath  stone  enters.  More  fruitful  causes  of 
expense  do  not  exist.  The  stucco,  if  it  does  not  peel  off  or  come  away  in 
large  flakes,  will  at  the  end  of  a  few  years  infallibly  require  painting — a  process 
which  the  unfortunate  owner  will  find  to  his  cost  has  to  be  renewed  every 
three  years.  The  cheap  Bath  stone — of  which,  imfortunately,  so  much  is 
now  used  in.  the  suburbs  of  London  to  produce  a  showy  and  attractive  appearance — is 
an  even  more  objectionable  material  than  stucco.  It  may  safely  be  predicated 
of  much  of  this  kind  of  stone  in  suburban  villas  that  it  will  within  a  very 
few  years  require  to  be  entirely  renewed :  needless  to  say,  at  a  very  heavy 
expenditure. 

Some  of  the  most  salient  points  on  which  a  householder,  unassisted  by 
competent  professional  advice,  may  do  something  towards  protecting  himself 
against  future  repairs  have  been  mentioned,  and  it  cannot  be  too  strongly  urged 
that  in  house-building,  timely  prevention  of  decay  by  the  substitution  of 
sound  materials  and  proper  construction  for  inferior  materials  and  scamping 
workmanship,  is  infinitely  better  and  more  economical  than  the  cure  of  the 
evils  resulting  from  these  sources. 

It  must,  however,  happen  to  the  best-built  houses  that  repaira  are  at  times 
necessary,  and  it  will  therefore  be  useful  to  notice  some  of  the  most  frequent 
and  important  of  these  repairs,  with  especial  reference  to  their  bearing  on  the 
subject  of  health. 

In  most  old  houses,  and  particularly  in  those  the  roofs  of  which  are  covered  with 
tiles,  the  roof  is  an  ever-recui-ring  source  of  trouble  and  expense.  The  wet  perhaps 
penetrates  through   the  ceiling  of   a   particular  room.    The  cause  is  searched 
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for,  and  probably  traced  to  a  broken  or  defective  tile  or  slate ;  but  in  searching 
for  and  repairing  this  one  leak,  the  workmen  in  all  probability  will  leave  double 
the  damage  behind  them,  in  the  shape  of  tiles  or  slates  broken  during  their 
operations.  In  the  case  of  plain  tiles,  the  defects  are  not  uncommonly  caused  by 
the  decay  of  the  laths,  or  the  pins  to  which  they  are  fixed,  causing  the  tiles  to  slip 
down.  When  the  laths  decay,  the  roof,  or  the  defective  pai-t  of  it,  should  at 
once  be  stripped,  as  otherwise  there  wUl  be  great  risk  of  the  decay,  which 
spreads  very  rapidly,  extending  to  the  rafters.  In  re-tiling  a  roof,  the  best  of  the 
old  tUes  should  always  be  re-used,  as  they  are  better  as  a  rule  than  new  ones ;  and 
care  should  be  taken  that  each  tile  is  properly  fastened  with  two  oak  pins. 
Pan-tiling,  which  was  once  a  favourite  method  of  roof-covering  for  country  houses, 
has  fallen  greatly  into  disuse,  except  for  farm  buildings  and  the  like.  The 
old  glazed  black  pantiles  of  the  last  century  make,  however,  very 
excellent  roof-coverings,  and  if  laid  at  a  proper  pitch,  little  can  be  said  against 
them.  The  most  general  failing  in  pantiles  is  that  they  are  laid  at  an  angle^ 
much  too  near  the  horizontal,  and  depend  greatly  upon  their  pointing  for 
keeping  out  the  wet.  When  tliis  is  the  case,  it  is  necessary  to  exercise  the 
greatest  care  in  pointing  the  tiles.  This  should  be  done  with  a  mixture  of 
lime  and  haii-  and  Portland  cement ;  the  mortar  commonly  used  falls  out  after  a  very 
short  time,  and  the  roof  is  worse  than  if  it  had  never  been  pointed. 

A  not  uncommon  cause  of  damp  from  the  roof  is  the  neglect  to  periodically 
examine  and  repair  the  joints  of  the  brickwork  of  parapets  and  copings.  When  a 
parapet  wall  is  coped  with  stone,  and  the  mortar  or  cement  joints  between  the  stones 
get  worn  away,  and  are  not  promptly  repaired,  the  wet  will  soak  through  these  joints, 
and  so  do-wn  the  wall,  and  will  make  itself  visible  by  stains  on  the  paper  of  tlie 
upper  rooms. 

So  also  with  chimney-stacks;  in  course  of  time  the  mortar  perishes  and  falls  out, 
leaving  the  joints  open ;  driving  rain  will  then  beat  in,  and  soak  down  the  brick- 
work into  the  interior  of  the  house.  All  these  defects  can  be  prevented  by  timely 
precautions  ;  periodical  examination  of  roofs  and  chimneys,  more  pai-ticularly  in  the 
autumn  and  at  the  end  of  the  severe  winter  months,  can  alone  ensure  anything  like 
immunity  from  damage.  For  pointing  open  joints  of  brickwork,  a  mortar  com- 
posed of  the  ashes  from  a  smith's  forge,  sharp  river  sand,  and  Portland  cement,  is  the 
most  durable  to  be  had. 

While  upon  the  subject  of  roofs,  it  should  be  noted  that  lead  gutters  frequently 
drop  and  become  faulty  inconsequence  of  the  decay  of  the  woodwork  which  supports 
them.  The  cause  of  this  decay  is  generally  to  be  traced  to  the  absence  of  ventilation 
to  the  woodwork.  Lead  is  also  subject  occasionally  to  the  attacks  of  a  kind  of  wonn, 
which  eats  through  the  metal.  An  instance  of  this  was  discovered  at  a  church  at 
Wandsworth,  where  the  lead  was  actually  riddled  with  holes  eaten  by  these 
creatui'cs. 

Not  the  least  important  part  of  the  present  subject  is  that  of  painting  :  important 
not  only  on  account  of  its  value  as  a  preservative  for  wood  and  iron  from  the  effects 
of  weatlier  and  the  action  of  the  air,  but  also  from  its  cleansing  and  antiseptic 
properties.  So  important,  indeed,  is  tlio  periodical  renewal  of  the  paint  on  these 
materials,  that  it  has  been  for  many  years  past  recognised  by  law,  and  to  paint  ou^ 
side  once  in  eveiy  three  years,  and  inside  once  in  every  seven,  are  as  invariable 
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Stipulations  in  every  lease  as  that  the  tenant  shall  pay  the  rent,  or  the  landlord  give 
the  tenant  peaceable  possession. 

Common  as  the  custom  is,  the  actual  work  is,  however,  frequently  performed  in 
a  most  improper  and  perfunctory  manner.  It  is  of  very  little  use,  for  instance,  to 
paint  over  a  wall  or  a  door  covered  with  the  accumulated  dirt  of  three  London 
winters  without  first  cleaning  the  surface  to  be  painted  in  the  most  thorough  manner 
possible.  Such  a  process  may,  however,  be  mtnessed  not  unfrequently  by  those 
interested  in  such  matters.  Painting  on  old  work,  if  it  is  to  be  efficiently  done, 
must  be  on  as  clean  a  surface  as  it  is  possible  to  get ;  the  surface  should  be  well 
rubbed  down  and  properly  repaired.  If  duriiag  the  preparatory  process  the  material 
become  exposed  in  any  parts,  extra  coats  of  paint  must  be  applied  to  those  parts  to 
bring  the  whole  of  the  paint  to  an  even  level. 

The  foregoing  may  be  said  to  comprise  the  parts  of  a  house  most  generally  and 
universally  needing  periodical  repairs.  There  are,  besides,  many  matters  requiring 
careful  attention  from  time  to  time,  as  the  state  of  floor  and  roof  timbers,  the 
condition  of  brickwork,  especially  in  exposed  situations,  and  the  state  of  all  such 
fittings  and  appliances  as  water-closet  apparatus,  sinks,  and  the  like. 

The  renewal  of  sash-lines,  again,  is  a  troublesome  repair  that  is  constantly  recur- 
ring, and  one  that  householders  might  themselves  easily  effect  if  they  were  willing  to 
give  the  requisite  time  and  trouble,  and  thus  save  the  annoj'ance,  not  to  say 
expense,  of  employing  a  jobbing  carpenter  for  the  purpose.  By  removing  the 
beading  which  holds  the  lower  sash  in  its  place,  and  then  prizing  out  the  lower 
portion  of  the  strip  of  wood  that  separates  the  places  in  which  the  two  sashes  slide, 
it  Avill  be  found  possible  to  take  out  what  is  called  the  "  pocket-piece" — a  loose  piece 
of  the  boxing  in  which  the  balance-weights  hang.  When  this  piece  of  wood  is  re- 
moved, it  will  afford  access  to  the  ii'on  weight,  the  cord  of  which  has  been  broken, 
and  which  will  be  found  at  the  bottom  of  the  boxing.  The  sash  involving  the  repair 
must  be  taken  out,  and  the  end  of  the  broken  cord  removed,  the  end  of  a  new  one 
being  nailed  in  its  place  in  the  same  way  as  the  old  one.  The  new  cord,  which  should 
be  a  stout  hempen  plaited  one,  not  too  large  for  the  pulley,  should  then  be  passed  over 
the  pulley,  and  allowed  to  fall  down  the  boxing  inside  the  window-frame  until  its  end 
can  be  got  at  through  the  pocket-hole,  when  it  may  be  fastened  to  the  balance- 
weight;  this  may  then  be  rei^laced  in  the  boxing,  the  pocket-piece  put  back  in  its 
place,  the  parting  strip  carefully  replaced,  and  the  sashes  and  beading  returned 
to  their  original  positions. 

The  enemy  most  to  be  feared  in  connection  with  woodwork  is  dry  rot,  a  fungus 
which,  once  established,  spreads  over  the  surface  of  the  timber  like  a  skin,  and  with 
marvellous  rapidity.  The  cause  of  its  appearance  is  generally  insufficient  ventilation. 
It  is,  however,  not  unfrequently  due  to  the  fact  of  the  timber  itself  being  in- 
sufficiently seasoned.  When  it  has  once  appeared,  there  is  no  remedy  but  to  remove 
the  whole  of  the  old  timber,  and  with  it  all  traces  of  the  fungus  ;  well  lime-white  the 
walls  before  fixing  the  new  timbers,  and  treat  the  new  timbers  with  some  efficient 
protective  solution. 

It  sometimes  happens  that  in  exposed  situations,  and  after  unusually  severe 
weather,  rain  wUl  penetrate  through  walls  in  places  that  Iiad  hitherto  been  perfectly 
damp-proof.  It  will  generally  be  foixnd  that  the  cause  is  due  to  the  decay  of  the 
mortar  joints,  and  the  remedy  for  this  is  to  rake  out  the  joint,  and  well  point  with 
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.H^ith's  ashes  and  cement.    If,  Iwevev,  the  rain  actually  "^^^^^^^^ 
the  best  ven.edy  to  adopt  is  the  use  of  one  of  the  -^-P-^^^^^^ 
there  are  several  available.    This  cotirse  is  held  to  be  preferable  to  coverm^ 
^h  ce^t  stucco,  as,  while  preserving  the  irrterior  from  damp,  rt 
does  not  interfere  with  the  porosity  of  the  bncks-a  point  of  considerable  im 

^Tlast  point  to  be  mentioned-the  condition  of  water-closet  apparatus,  sinks, 
and  other  fittings-is  one  to  which  too  much  attention  can  hard  y  be  paid.  W  atei  - 
closet  basins,  even  of  the  best  construction,  require  to.  be  cleaned  regularly  or  they 
become  foul  and  oifensive.  This  is  more  particularly  to  be  observed  m  the  case  of 
na^-closets,  where  from  any  cause  such  objectionable  things  are  perforce  retained^ 
A  periodical  cleansing  with  a  hard  brush  and  strong  soda  and  water  or  spirits  ot 
salts  will  go  far  to  lighten  the  evils  inseparable  from  this  class  of  apparatus. 
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CHAPTER  XXV. 

THE  ARCHITECT  AND  ARCHITECTURE. 

Origin  of  Architecturo-Its  Elements-Convenience,  Strength,  and  Beauty-Effect  on  Architecture  of 

Climate  and  Materials. 

At  whatever  period  of  time  man  first  made  his  appearance  on  this  island,  it  may 
fairly  be  assumed  that  amongst  his  first  wants  would  be  that  of  a  shelter  from 
the  inclemency  of  the  weather.    The  most  primitive  type  of  man  of  whom  any 
records  exist  obtained  this  shelter  by  appropriating  for  the  purpose  natural  caves 
m  the  earth.    He  was,  in  fact,  as  regards  his  dwelling-place,  on  a  level  with  the 
lower  animals,  such  as  the  cave-bear  and  the  cave-hytena  ;  he  was  a  cave-man. 
Dim  and  uncertain  as  are  the  conditions  of  this  primeval  man  and  the  country  he 
lived  in,  they  are  only  slightly  less  conjectural  than  those  of  the  early  inhabitants 
of  this  country  prior  to  the  invasion  by  the  Romans.    Certain  it  is,  however,  that 
in  some  rude  and  primitive  fashion  these  ancient  Britons  made  for  themselves 
dwellings  which  were  superior  to  those  of  the' most  barbarous  nations.    In  very 
early  times  it  seems  to  have  been  customary  to  suiTound  the  dwelling  with  a 
mud  wall  as  a  protection  both  against  wild  beasts  and  human  enemies.    Thus  a 
second  element,  that  of  defence,  was  introduced.     With  the  gradual  growth  of 
civilisation,  dwellings  began  to  assume  a  chai'acter  more  in  accordance  with  decency 
and  morals.    Some  rude  magnificence  was  introduced  into  the  houses  of  the  nobles, 
and,  besides  the  primary  ideas  of  shelter  and  defence,  thoughts  of  comfort  and  order 
began  to  assume  prominence.    The  Norman  Conquest  flooded  the  island  with 
warlike  knights  eager  to  be  rewarded  for  theii*  services  with  grants  of  the  fair 
pasture-lauds  of  England.     They  had  their  i-eAvards,  and  through  the  length  and 
breadth  of  the  land  strongly-fortified  castles  rose  on  every  hand.    A  new  prominence 
was  thus  given  to  the  idea  of  defence,  and  tliis  influenced  to  a  very  gi-eat  extent  the 
character  of  domestic  architecture  during  the  middle  ages.    Coming  down  to  more 
recent  times,  the  castle  will  be  found  giving  place  to  the  mansion,  and,  at  the  same 
time,  with  the  decay  of  feudalism,  a  new  class,  that  which  is  now  caUed  the  middle 
class,  comes  into  prominence  with  houses  adapted  to  theu'  special  needs,  and  the 
development  of  the  more  purely  homelike  idea  is  commenced.    What  records  exist 
of  the  social  habits  of  the  earliest  times  show  that  men's  ideas  of  comfort  and 
decency  were  of  the  barest  possible  kind.    Although  remains  exist  which  prove  that 
the  Bi-itons  were  in  the  habit  of  paving  the  floors  of  their  dwellings  with  thin  stone, 
yet  there  is  no  doubt  that  eai-th  floors  were  common  many  centuries  later  than 
British  times.    As  late  as  the  thirteenth  century  the  space  below  the  dais  in  the  hall 
is  called  "  the  marsh  " — doubtless  from  its  filthy  condition.    Probably,  one  of  the 
earliest  records  of  attention  to  sanitary  matters  is  in  the  London  Assize  of  1189, 
where  mention  is  made  of  "  camerse  privata?;"  or  privies,  and  from  time  to  time 
in  contemporaiy  documbhts  passages  occur,,  relating  to  this  and  the  kindred 
.-subject  of  drains  to  carry  ofi"  foul  water.    Tluis  another  element,  that  of  health, 
is  introduced. 

These  various  elements,  shelter,,  comfort,. doffiiifte,  order,  and  health,,w«r«  expressed 
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in  many  different  ways ;  but  in  most  cases  there  is,  over  and  above  the  bare  necessities 
of  the  time,  the  addition,  in  a  greater  or  less  degree,  of  ornament. 

It  is,  then,  the  combination  of  these  elements  with  the  addition  of  ornament 
which  forms  architecture. 

Now  the  thought  of  health  has  an  important  bearing  on  all  details  of  architec- 
ture, be  they  simply  those  which  relate  to  the  strength  and  permanence  of  a  dweUuig. 
on  tiie  one  hand,  or  those  which  tend  to  cultivate  a  refined,  and  therefore  healthy 
sentiment  in  matters  of  taste  on  the  other.  For  unless  the  house  be  well  andi 
strongly  built,  the  health  of  the  inmates  will  suffer  from  its  defects,  and  unless  the^ 
design  be  one  which  supplies  all  the  requirements  of  good  taste,  the  mind  is  apt  to  be' 
prejudiced  by  its  influence.  Moreover,  no  design  can  be  regarded  as  attaining  to  reall 
exceUence  which  does  not  insist,  not  only  on  that  which  delights  the  educated  andi 
refined  eye,  but  on  that  which,  in  its  form  and  in  its  composition,  is  conducive 
to  the  health  and  the  comfort  of  those  who  are  subjected  to  its  influences. 

The  special  conditions  which  have  affected  architecture  in  the  past,  and  do« 
affect  it  in  the  present,  will  now  be  dealt  with  ;  and  it  is  purposed  to  endeavour  to^ 
deduce  from  the  consideration  of  these  conditions  some  general  principles  of  design,, 
applicable  to  domestic  architecture  in  this  country  at  the  present  day. 

But  first,  it  may  fitly  be  inquired,  what  in  broad  terms  constitutes  good 
architecture  ? 

Palladio,  quoting  from  Vitruvius,  says  :  "that  in  every  fabric  three  things  are 
requisite,  viz.,  Gonveniency,  Strength,  and  Beauty  ;  for  without  them  no  building  cam 
merit  our  esteem  and  approbation." 

"  Architecture,"  says  M.  Viollet-le-Duc,  "  is  composed  of  two  elements — theory 
and  practice.  The  theory  comprises  the  art,  properly  so  called ;  the  rules  suggestedl 
by  taste,  outcomes  of  traditions,  and  the  science,  which  can  be  demonstrated  by 
invariable  absolute  formulae.  The  practice  is  the  application  of  theory  to  needs  ;  it 
is  practice  which  accommodates  the  art  and  the  science  to  the  nature  of  the 
materials,  to  climate,  to  the  manners  of  the  age,  and  to  the  necessities  of  the 
time."* 

Taking,  then,  the  three  heads  of  Vitruvius  :  under  the  head  of  Gonveniency  will 
be  found,  first,  the  obvious  truth  that  every  building  must  be  appropriately  arranged 
for  the  purpose  for  which  it  is  to  be  used  ;  and  secondly,  that  not  only  must  the 
parts  be  disposed  in  a  convenient  and  seemly  fashion,  but  the  ornament  and 
character  of  each  kind  of  building  should  be  distinctive  and  appropriate  to  the 
purposes  for  which  the  building  is  required.  Thus^  a  church  must  be  arranged  with 
due  regard  to  the  mode  of  worship  contemplated  ;  a  palace  for  ceremonies  ;  and  a 
dwelling  to  the  habits  and  requirements  of  the  inmates.  So  also  the  ornament  that 
would  be  seemly  and  appropriate  in  a  church  would  be  misplaced  in  a  theatre,  and 
vice  versa. 

Again,  in  planning  a  house  in  which  people  are  to  live  under  circumstances  of 
health,  proper  provision  must  be  made  for  ventilation,  for  warmth,  and  for 
protection  from  climatic  changes,  and  this  provision  must  of  necessity  depend  upon 
conditions  special  to  the  countries  which  these  people  inhabit. 

The  second  requirement,  Strength,  is  perhaps  not  the  least  important  of  the^ 
three.    The  various  materials  used  in  construction  must  each  be  appropriate  to  its: 

*  "  Dictionnaire  Kaisonntf  de  1' Architecture,"  Vol.  I. ;  Art.  "  Architectxire.' 
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peculiar  purpose,  and  must  be  used  with  due  regard  to  the  laws  which  govern  and 
control  natural  forces.  Again,  the  supports  of  a  building  must  be.disposed  in  such 
a  manner  that  no  imnecessary  expenditure  of  strength  or  material  is  involved  The 
best  construction  is  that  which  combines  the  maximum  of  strength  with  such 
economy  of  material  as  is  consistent  with  beauty  of  form. 

The  third  head,  Beauty,  is  divisible  into  three  parts—harmony,  proportion,  and 
ornament.  Though  the  subject  is  capable  of  further  subdivision,  yet,  for  the 
present  purpose,  it  is  sufficient  to  consider  these  three  elements  as  together  forming 
beauty  in  architecture.  * 
Harmony  may  be  defined  as  an  effective  blending  of  parts,  often  very  diverse  in 
themselves,  into  a  rhythmic  and  consistent  whole.  It  is,  in  fact,  analogous  to  the 
harmony  of  music,  which  consists  of  an  effective  blending  or  combination  of  sounds 
of  different  pitch.  Each  sound  or  note  is  beautiful  in  itself,  nor  can  it  be  said  that 
any  one  note  is  more  beautiful  than  another.  Similarly,  many  forms  used  in 
architecture,  as  the  circle,  the  square,  the  triangle,  and  so  forth,  have  each  their 
special  fitness,  nor  can  one  form  be  said  to  be  more  valuable  than  another.  But 
just  as  in  music,  the  improper  combination  of  notes  produces  an  unpleasant  sensation 
which  is  called  discord,  so  in  architecture  the  improper  combination  of  parts  pro- 
duces an  analogous  effect,  which  may  also  fitly  be  called  discord.  Harmony  in 
architecture  is  not  alone  a  harmony  of  form ;  it  is,  perhaps,  more  closely  connected 
with  emotion.  The  vaulted  roof  and  stately  columns  of  a  mediaival  cathedral, 
which  are  the  outcome  and  expression  of  a  refined  and  lofty  religious  system,  would 
clearly  be  out  of  tune  with  the  requii-ements  of  a  modern  music-hall ;  on  the  other 
hand,  it  is  quite  possible  for  architecture  of  a  style  and  period  totally  diverse  to  be 
placed  side  by  side  in  the  same  building  with  perfect  consistency  when  harmonised. 
Witness,  for  instance,  the  tombs  of  the  Cardinals  Amboise,  in  Rouen  Cathedral,  and 
the  beautiful  renaissance  stalls  in  many  of  the  Belgian  cathedrals. 

Again,  harmony  by  no  means  implies  a  necessary  uniformity.  To  illustrate  the 
truth  of  this  we  have  only  to  contrast  such  examples  as  the  Rows  at  Chester,  and  the 
Spanish  houses  on  the  Quay  at  Ghent,  with  those  in  such  a  street  as  Gower 
Street,  or  in  one  of  the  rows  of  stuccoed  mansions  constantly  springing  up  at 
south  Kensington. 

In  the  old  examples,  there  is  a  variety  and  play  of  fancy  applied  to  similar 
forms  and  for  similar  purposes,  whilst  in  the  modern  woi-k  instanced  above  a 
dead  level  of  uniformity  is  reached  which  can  only  be  likened  to  a  tune  consisting 
of  one  phrase  only,  constantly  repeated. 

Proportion  is  a  property  essential  to  good  architecture,  and  is  closely  allied 
to  the  previous  one  of  harmony.  Although  proportion  plays  a  most  important  part 
in  architecture,  yet  it  is,  as  has  been  well  remarked,  "  difficult  to  say  wherein  it 
consists — as  difficult  as  to  say  what  beauty  is,  of  which  indeed  it  is  one  of  the 
elements."  Theories  without  number  have  been  propounded  to  show  that  proportion 
consists  of  more  or  less  intricate  mathematical  problems.  We  are  told  that 
mediajval  cathedrals  are  developments  of  squares  and  triangles,  or  combinations  of 
one  or  both  of  them  amongst  other  systems.  These  theories,  at  least  some  of  them, 
certainly  work  out  logically  enough ;  it  is  unfortunate,  however,  that  in  so  many 
instances  they  follow,  instead  of  preceding,  the  buildings  to  which  they  are  ajiplied. 
These  theories  of  mathematical  proportions  in  varied  forms  were  at  one  time  rigidly 
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applied  in  the  planning  of  dwelling-houses.  As  might  be  expected,  they  were 
frequently  antagonistic  to  convenience,  and,  as  a  result,  the  health  and  domestic 
comfort  of  the  inhabitants  were  sacrificed  to  an  idea.  _ 

It  is  the  eye  and  hand,  accustomed  from  tradition,  tuition,  and  practice,  which 
in  each  case  seizes  upon  and  determines  those  just  and  correct  proportions  which 
the  mathematician  afterwards  reduces  to  rule  by  the  aid  of  his  science.  Closely 
alHed  to,  and,  in  fact,  foiWg  part  of,  the  element  of  proportion  is  the  principle 
of  symmetry.  At  one  period  the  desire  for  rigid  symmetry  carried  architects 
to  most  extravagant  excesses.  If  a  wing  were  required  on  one  side  of  a  house 
to  accommodate  the  stables,  a  corresponding  wing  was  invariably  provided  to 
balance  it,  and  this  wing  might,  and  often  did,  contain  the  chapel.  The  absurdity 
of  such  an  arrangement  will  be  apparent  when  it  is  recollected,  apart  from  the 
objection  that  would  exist  in  many  minds  to  an  association  of  idea  between 
the  stable  and  the  chapel,  how  totally  different  the  necessities  of  warming  and 
ventUation  in  these  buildings  are,  and  yet  for  the  purpose  of  symmetry,  the 
convenience  and  health  appliances  of  the  one  must  be  sacrificed  to  the  appearance 
of  the  other,  or  both  must  suffer. 

In  one  plan  for  a  comparatively  small  house  by  Palladio,  there  are  no  less  than 
four  staircases,  two  of  which  are  obviously  planned  to  balance  the  other  two. 
It  will  readily  be  seen  that,  carried  to  excess,  this  idea  of  symmetry  involves 
inconveniences  and  absurdities  in  the  internal  arrangements  of  a  house  for  which 
no  amount  of  grandeur  in  the  exterior  can  possibly  compensate. 

The  third  constituent  of  beauty,  ornament,  may  be  defined  as  the  refinement  or 
em-ichment  of  a  building  by  the  application  of  carving  in  some  form  or  other,  of 
colour,  or  of  other  forms  of  decoration;  the  object  in  view  being  either  an  attractive 
appearance,  or  the  amplification  of  the  ideas  suggested  by  the  general  forms.  In 
whatever  way  it  be  applied,  it  has  been  held  that  ornament  must  be  subject  to 
two  rules;  first,  it  must  be  accessory  to  the  design  of  which  it  is  to  form  a 
part ;  secondly,  it  must  be  appropriate  to  and  in  harmony  with  the  surroundings. 

To  this  must  now  be  added  that  the  ornamental  accessories  of  a  house  must, 
both  as  to  form  and  material,  be  strictly  in  accordance  with  soiuid  principles  of 
healthy  construction.  Of  ornament,  beautiful  ia  itself,  but  hopelessly  misapplied, 
the  caryatid  porches  at  St.  Pancras  Church  in  the  Euston  Road  are  conspicuous 
examples. 

It  is  not,  moreover,  by  any  means  a  rule  that  ornament  is  even  necessary 
to  good  architecture.  As  G-wilt  observes,  "  The  absence  of  it  altogether  is  in 
many  cases  a  mode  of  decoration."  Grecian  Doric,  for  instance,  is  a  style  which 
may  be  used  quite  independently  of  ornament.  So  also  in  many  of  the  domestic 
buildings  of  the  Middle  Ages  true  architectural  effect  is  often  obtained  without  the 
aid  of  ornament.  Such  examples  as  the  warehouses  at  Nuremberg,  and  the  public 
schools  at  Oxford  (street  front),  evidence  the  truth  of  this ;  or,  to  cite  a  modern 
example,  Newgate  Prison  is  a  building  which,  from  the  very  fact  of  its  rigid  lack  of 
ornament,  satisfies  the  critical  eye. 

The  danger  accompanying  the  use  of  ornament  is,  that  it  is  likely  to  become 
the  mistress,  and  not  the  handmaid,  of  the  architect,  whose  power  is  oftener  shown 
ia  withholding  ornament  than  in  applying  it. 

Two  kinds  of  ornament  are  at  the  service  of  the  architect,  form  and  colour 
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Y;  ^'^^^  included  all  kinds  of  mouldings  and  sculpture 

Mouldings  may  be  defined  as  the  application  of  curved  and  recessed  surfaces  to 
constructional  features.  A  moulding  should  always  have  the  effect  of  appearing  to 
strengthen  the  part  to  which  it  is  applied  by  emphasising  the  main  constructive 
lines.  Theoretically,  a  moulding  should  be  actually  part  of  the  essential  construction  • 
practically,  it  is  generally  an  independent  feature  applied  to  the  construction.  The 
function  of  a  moulding  being  to  enrich  the  part  to  which  it  is  appHed  by  the 
addition  of  certain  effects  of  light  and  shade,  it  may  be  conceded  that,  provided 
the  result  is  subordinate  to  the  main  lines,  the  question  of  whether  it  is  Avorked 
out  of  the  soUd  or  "  stuck  on  "  is  of  no  great  moment.  In  the  term  sculpture  may 
be  included,  besides  all  kinds  of  carved  ornament,  the  use  of  ornament  cast  or 
moulded  in  ])laster,  and  of  incised  work.  Except  in  such  cases  as  sculpture  of 
a  monumental  character,  where  the  architecture  serves  only  as  a  frame  to  tlie 
statue,  sculpture  .should  always  be  subordinate  to  the  main  lines  of  a  buildino-. 
It  should  serve  to  emphasise  and  enrich  without  being  so  conspicuous  an  object  as 
to  attract  attention  for  itself.  In  the  most  perfect  development  of  any  style, 
whether  it  be  Greek  or  Gothic,  it  will  be  found  that  the  sculpture,  exquisitely 
beautiful  as  it  is,  is  invariably  subordinated  to  the  architecture.  It  may  therefore 
be  taken  as  an  axiom  that  where  the  most  striking  and  conspicuous  part  of  a 
building  is  the  carved  ornament,  there  the  ornament,  good  as  it  may  be,  is  in 
excess  and  misapplied.  At  the  same  time  it  is  perfectly  jjossible  for  a  building 
to  be  literally  covered  with  ornament  which  yet  is  subordinated  to  the  design 
of  the  whole.  Instances  of  the  truth  of  this  may  be  seen  in  the  Town  Hall 
of  Louvain,  and  among  modern  buildings,  the  Houses  of  Parliament  at  West- 
minster. 

In  the  application  of  colour  to  the  exterior  of  a  building,  regard  must  be  had, 
first,  to  the  amount  of  coloured  materials  available,  and,  secondly,  to  the  probability 
of  these  materials  permanently  retaining  their  colours.  The  application  of  fresco 
painting  to  this  purpose,  as  at  Munich,  in  the  Tyrol,  and  at  Orvieto,  is  obviously 
imsuited  to  the  climate  of  this  country.  Such  coloured  decoration  as  can  be  applied 
to  tlie  exterior  of  buildings  ought,  in  this  country,  to  have  a  washable  surface. 
This  is  more  especially  necessary  in  towns  where  the  atmosphere  is  loaded  with 
deleterious  gases.  For  ordinary  purposes,  stones  of  various  colours,  marbles, 
granites,  and  coloured  bricks  are  readily  available.  Terra-cotta,  glazed  and  uuglazed, 
majolica,  and  encaustic  tiles  all  lend  themselves  to  external  decoration.  The 
application  of  glazed  terra-cotta  in  various  forms  is  a  mode  of  decoration  which 
does  not  seem  to  have  had  as  yet  the  attention  it  deserves. 

Probably,  now  that  conditions  relating  to  health  are  more  held  in  view  than 
formerly,  the  very  great  advantages  which  necessarily  follow  fi-om  the  adoption  of 
surfaces  which  can  be  washed  will  lead  to  a  further  development  of  this  mode  of 
decoration.  Marble  inlay  and  glass  mosaic  both  present  facilities  for  decoration  of  a 
more  elaborate  nature.  It  rests  with  the  architect  to  make  choice  of  such  materials 
as  will  best  harmonise  and  endure. 

The  conditions  which  affect  domestic  architectiu-e   are   principally  climate, 
materials,  and  social  habits. 

The  climate  of  a  country  has  necessarily  a  very  important  influence  on  the  form 
and  construction  of  the  dwellings  of  its  inliabitants.    In  this  country  we  have  not 
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the  extreme  variations  of  te^nperature  prevalent  in  countries  of  cliflFerent  physical 
conditions.  There  are,  however,  even  in  the  mild  and  equable  climate  of  England, 
considerable  variations  in  the  amount  of  rainfall  in  different  parts,  the  mean  annual 
rainfall  varying  from  under  2-5  inches  in  the  eastern  counties  to  as  much  as 
165  inches  at  Seathwaite,  in  Cumberland.  Thus  it  becomes  necessary  in  many 
localities  to  take  extra  precautions  to  keep  out  the  rain.  It  is  this  equable  climate 
which  gives  their  distinctive  character  to  English  houses  as  compared  with  houses 
in  Italy  and  Spain,  where  a  main  thought  is  exclusion  of  excess  of  light  and  heat ; 
or  in  Russia,  where  double  windows  and  extra  thick  walls  are  needed  to  afford 
protection  from  cold. 

Of  equal  importance  to  the  present  purpose  is  the  subject  of  materials. 
The  range  of  materials  readily  at  hand  and  fit  for  use  has  always  exercised  a 
very  distiiact  influence  on  the  architecture  of  the  country.  In  ancient  Greece  the 
temples  which  have  remained  for  some  twenty-five  centuries  as  monuments  of  the 
skill  and  genius  of  theii-  designers  evidence  the  influence  which  the  possession  of  an 
enduring  and  beautiful  material  had  upon  forms  derived  from  construction  in 
timber.  Again,  in  two  such  widely-separated  countries  as  Norway  and  China,  the 
use  of  wood  has  had  the  effect  of  producing  churches  in  the  former  curiously 
resembhng  the  pagodas  of  the  latter. 

In  England,  where  in  many  parts  stone  is  not  indigenous,  and  is  only  to  be 
procured  at  great  cost  for  labour  and  transit,  the  material  most  largely  used  for 
walls  is  brick.  It  follows,  therefore,  that  the  use  of  brick  has  in  many  places 
greatly  modified  the  architecture  of  the  country.  Indeed,  it  may  be  afE.rmed  that  the 
use  of  brick  has  produced  at  least  one  distinct  style  of  architecture  in  this  country. 
The  brick  architecture  of  the  seventeenth  and  eighteenth  centuries,  wliich  it  is 
the  fasliion  now  to  call  Queen  Anne,  was  certainly,  amongst  other  causes,  developed 
by  the  thouglitful  and  judicious  application  of  brickwork  to  domestic  building,  and 
doubtless  was  in  no  slight  degree  due  to  the  lesson  derived  from  the  great  tire 
of  London. 

It  will  generally  be  found  the  safest  and  most  economical  plan  to  utilise  such 
materials  as  may  be  at  hand.  Curious  mistakes  in  this  direction  have  been  made  for 
want  of  a  little  technical  knowledge  on  the  part  of  the  designers.  Thus,  in  building 
the  Government  House  at  Corfu,  a  soft  and  perishable  limestone  was  transported 
from  Malta,  Corfu  itself  possessing  a  far  superior  stone  for  the  purpose.  A  like 
blunder  was  made  at  St.  John's,  Newfoundland,  where  granite  was  brought  from 
Aberdeen  for  building  the  Government  House,  granite  itself  forming  the  ground 
hard  by.* 

*  Prof.  Kupert  Jones's  Annual  Address  to  the  Geological  Association,  1879. 
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CHAPTER  XXYI. 

EARLY    HISTORY    OP  ARCHITECTURE. 

Influence  of  Social  Habits  on  Architecture— The  Feudal  System— Early  Neglect  of  SanitiUy  Conditions 
—Gradual  Improvements— Rise  of  successive  Styles  of  Domestic  Architecture— Effects  of  increased 
Civilisation  and  Refinement. 

The  influence  of  social  habits  and  manners  is  perliaps  the  most  important  in  its 
effects  on  domestic  ai'chitecture  of  any  that  have  yet  been  mentioned.  It  is  an 
influence  that  is  always  at  work,  and  in  the -present  day  is  largely  taking  the  line 
of  improved  sanitary  arrangements ;  a  part  only,  but  a  most  important  part  of  the 
comparatively  new  but  important  science  called  Social. 

The  progress  of  architecture  in  its  artistic  aspect  is  so  closely  bound  up  with 
social  progress  that  the  two  may  fitly  be  considered  simultaneously.  In  order 
to  do  this  it  will  be  necessary  to  treat  the  subject  to  a  certain  extent  historically. 

At  the  period  immediately  following  the  Norman  Conquest,  which  is  sufliciently 
early  for  the  present  purpose,  it  will  be  found  that  society  in  this  country  may 
roughly  be  divided  into  four  classes — the  nobles  and  small  landowners,  the  clergy, 
the  townsfolk,  and  the  agricultural  classes. 

Following  the  custom  then  prevalent  over  tlie  greater  part  of  Europe,  the 
Norman  barons  held  the  estates  granted  to  them — and  of  course  in  many  cases  seized 
by  main  force  from  their  Saxon  owners — in  fee  from  the  Crown,  the  fee  being 
military  service.  The  great  feudatories  commonly  divided  their  estates  somewhat 
in  this  manner  : — A  portion  would  be  granted  to  one  or  more  tenants  in  considera- 
tion of  certain  services  being  performed.  These  tenants  were  freemen,  and  their 
tenure  was  what  is  now  called  freehold.  The  portion  reserved  for  the  lord's  own 
residence  was  called  the  demesne,  and  of  this  a  threefold  division  was  frequently 
made  by  him.  One  part  he  retained  in  his  own  occupation,  to  be  cultivated  by  his 
villeins,  or  bondsmen,  for  his  own  sustenance ;  of  another  part,  he  delivered 
possession  to  the  villeins  themselves  for  theii-  sustenance,  who  in  course  of  time 
became  copyhold  tenants  ;  the  third  part  was  termed  the  lord's  wastes,  and  served 
for  roads,  and  for  the  enjoyment  of  the  various  rights  of  common  for  himself  and 
all  the  tenants.*  In  the  lawless  and  unsettled  state  of  society  it  became  necessary 
for  every  man  who  had  the  means  of  defence  at  his  command  to  construct  his 
dwelling  in  such  a  mamier  that  it  would  stand  a  lengthened  siege.  The  Nonnans 
knew  well  how  to  do  this,  and  hence  it  is  that  such  valuable  records  of  their  times 
remain  in  the  numerous  castles  which  exist  to  this  day.  Of  castles  belonging  to 
this  period  the  following  may  be  cited  :— Tower  of  London,  Rochester,  Dover, 
Colchester,  Norwich,  Guildford,  Oxford,  Barnborough,  Corfe,  Conisburgh,  York, 
Tunbridge.  Cromwell's  soldiers  did  their  utmost  to  destroy  Corfe  Castle,  but  only 
succeeded  in  detaching  huge  masses  of  masomy,  which  still  remain  on  the  side  of 
the  liill  where  the  soldiers  left  them. 

The  castle  usually  consisted  of  a  square  or  round  tower,  called  the  keep,  in 

•  "Sussex  Arch!sological  Collections,"  Vol.  XXI.,  p.  IIG.  The  statute  "  Quia  emptores,"  pro- 
hibiting 8ub-infeudations,  was  passed  in  A.n.  1290.  All  existing  manors  date,  therefore,  from  before 
that  time. 
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which  were  placed  the  living-rooms  of  the  o^^alers.  These  rooms  consisted  usually 
of  the  hall,  or  common  room,  Avhere  every  one  fed,  and  where  the  visitors,  retainers, 
.md  servants  aU  slept.  An  upper  room  served  as  a  bed-room  for  the  lord  and  his 
f-unily  Under  the  whole  was  the  dungeon.  The  domestic  offices  were  generally 
little  better  than  sheds  of  wood,  built  in  the  courtyard.  The  roof  of  the  keep  was 
usually  flat,  and  the  parapet  walls  were  pierced  by  crenelLs,  or  battlements,  to 
construct  which  a  royal  licence  was  required.  The  courtyard,  or  ballium,  was 
enclosed  by  walls  of  great  thickness,  which  were  also  crenellated,  and  frequently 
furnished  with  towers  for  the  purpose  of  defence.  Around  the  whole  was  a  fosse,  , 
moat.  Some  idea  of  the  amount  of  castle-building  which  went  on  in  the  period 
mediately  foUowing  the  Conquest  may  be  gathered  from  the  fact  that,  ui  the 
of  Stephen,  upwards  of  1,100  castles  existed  within  the  boundaries  of 
England. 

The  smaller  class  of  landowners,  the  sub-feudatories,  frequently  had  their 
houses  constructed  of  wood,  and  in  cases  of  danger  most  probably  took  refuge 
Avithin  the  i^recincts  of  the  castle  of  the  over  lord.  Sometimes,  however,  these 
manor  houses  (as  was  the  case  more  frequently  in  later  times),  were  constructed 
of  stone,  and  of  sufficient  strength  to  withstand  assault.  They  rarely  contained 
more  than  two  rooms,  probably  never  more  than  three. 

The  condition  of  the  villeins  was  wi-etched  in  the  extreme,  in  fact,  scarcely 
better  than  slavery.  Their  dwellings  were  commonly  rude  hovels  of  mud  and 
thatch,  in  the  one  apartment  of  which  the  whole  family  slept.  Sometimes  two 
apartments  existed,  one  of  which  was  allotted  to  the  cow.  The  fl^oors  were  either 
of  mud  or  roughly  paved  with  pebbles. 

The  towns  resisted  successfully  all  encroachments  of  feudalism,  and  preserved 
their  independence,  although  subjected  at  times  to  considerable  hardships  at  the 
hands  of  the  nobility.  Owing  to  the  almost  universal  tise  of  timber,  very  few 
remains  of  domestic  buildings  in  towns  prior  to  the  thirteenth  ceutuiy  exist.  The 
house  called  the  Jew's  House,  at  Lincoln,  is  a  tolerably  well  preserved  specimen 
of  the  period.  The  doorway  and  the  two  window-openings  on  the  upper  floor 
are  characteristic  examples  of  Norman  work.  The  house  appears  to  have  consisted 
of  two  rooms  only,  one  on  the  upper  and  one  on  the  ground  floor,  though  it  is 
possible  that  one  or  both  may  have  been  divided  by  internal  partitions. 

As  a  rule,  however,  houses  in  towns  were  principally  built  of  timber.  Thus 
we  find  that  in  order  to  remedy,  if  possible,  the  inconvenience  and  loss  occasioned 
by  the  constant  occurrence  of  fires,  the  citizens  of  London,  in  the  reign  of  Richard  I., 
framed  certain  regulations  touching  the  construction  of  houses,  which  are  embodied 
in  a  document  bearing  date  1189,  and  called  "An  Assize."  This  interesting 
record,  the  first  "Building  Act,"  recites  that  in  ancient  times,  that  is,  prior  to 
the  year  1189,  "the  greater  part  of  the  city  was  built  of  wood,  the  houses 
being  roofed  with  straw,  reeds,  and  similar  materials.  The  frequent  fires  which 
took  place  owing  to  this  mode  of  building,  and  more  particularly  the  great 
conflagration  in  the  first  year  of  the  reign  of  Stephen,  which  spread  from  London 
Bridge  to  the  church  of  St.  Clement  Danes,  destroying  in  its  progress  the 
cathedral,  compelled  the  citizens  to  adopt  some  measures  to  avert  the  recurrence 
of  such  a  calamity.  "Therefore,"  says  the  Assize,  "many  citizens,  to  avoid  such 
dangei',  built  according  to  their  means,  on  theii-  ground,  a  stone  house  covered 
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and  protected  hy  thick  tiles  against  the  fury  of  fire,  whereby  it  often  happened 
that  when  a  fire  arose  in  the  city  and  burnt  many  edifices  and  had  reached  such 
a  house,  not  being  able  to  injure  it,  it  there  became  extinguished,  so  that  many 
neighbours  houses  were  wholly  saved  from  fire  by  that  house."* 

It  will  be  seen  from  the  foregoing  extract,  that  little  or  no  advance  had  been 
made  m  the  mode  of  building  since  Saxon  times.  The  "Assize"  commences 
by  laymg  down  rales  for  the  formation  of  what  we  now  call  party  walls  These 
walls  were  to  be  of  stone  and  three  feet  thick ;  the  height  was  to  be  sixteen  feet 
which  seems  to  imply  either  that  the  upper  storey  was  formed  partly  in  the 
roof,  or  that  a  superstructure  of  timber  was  contemplated.  Certain  privUe'^es 
were  granted  to  those  who  adopted  the  plan  of  building  walls  in  this  mamier. 
The  Assize  did  not,  however,  have  the  result  of  making  London  much  more  secure 
against  fire  than  it  had  been.  In  the  year  1212  a  great  fire  took  place,  which 
destroyed  London  Bridge  and  a  great  number  of  houses  besides.  Upon  this 
the  citizens  promulgated  a  fresh  set  of  decrees,  which  show  how  little  the  former 
ones  had  been  productive  of  lasting  results. 

Both  the  Assize  of  1189  and  that  of  1212  incidentally  furnish  us  with  much 
valuable  information  as  to  the  materials  in  general  use.  Thus  we  learn  that  the 
outsides  of  the  houses,  which  in  former  times  had  been  covered  with  reeds  or 
rushes,  were  now  frequently  plastered,  as  also  were  the  insides.  Tiles,  wooden 
shingles,  and  lead,  are  mentioned  as  roof-coverings. 

Windows,  when  not  mere  holes  or  slits  in  the  wall,  were  furnished  with  wooden 
shutters,  sometimes  double;  oiled  paper  and  canvas  stretched  on  frames  also 
served  the  purpose  for  which  glass  was  in  later  times  substituted.  For  further 
protection  the  lower  windows  of  houses  were  frequently  furnished  with  strong  iron 
gi'atings  or  grilles. 

Chimneys  were  certainly  in  use  during  the  twelfth  century,  as  for  instance, 
at  Rochester  Castle;  but  their  use  was  probably  confined  to  the  more  private 
■ooms  of  castles  where  the  great  thickness  of  the  walls  lent  itself  readily  to  the 


r 


arrangement. 


The  great  hall,  which  was  a  feature  which  existed  in  the  liouses  of  the  Saxon 
Thane,  and  of  which  a  record  still  exists  in  the  name  "Hall"  as  applied  to  a 
country  house,  was  the  ijrincipal  apartment  of  the  castle  or  house,  and  on  it  was 
lavished  all  the  ornament  and  refinement  at  the  command  of  the  owner.  It 
served  for  banquets,  for  the  dispensmg  of  justice,  for  festivities  by  day,  and  for 
a  sleeping-place  for  guests  and  retainers  by  night.  The  floor  was  frequently  of 
earth,  and  strewn  with  rushes  or  straw.  When  it  is  considered  that  refuse  from 
the  table  was,  as  a  matter  of  course,  thrown  on  to  the  floor ;  that  dogs,  hawks,  and 
other  domestic  animals  lived  in  the  hall,  it  will  scarcely  be  wondered  at  that 
the  state  of  the  floor  became  highly  offensive.  It  is  related  as  an  instance  of 
the  extreme  refinement  of  Thomas  Becket,  that  he  ordered  his  floors  to  be  covered 
with  fresh  straw  in  winter,  and  in  summer  with  fresh  rushes,  in  order  that  such  of 
his  guests  as  could  not  find  room  at  the  tables  might  not  get  their  fine  clothes 
soiled  by  sitting  on  a  dirty  floor. 

Besides  the  great  hall  there  was  an  apartment  called  the  solar  (a  term  which 

*  "Some  Account  of  Domestic  Architecture  in  England,"  by  J.  Hudson  Turner.  From  this  valuable 
work,  continued  by  Mr.  J,  H  '»^arlfv.  O.B.,  we  have  drawn  much  of  our  information  on  this  subject. 
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originally  meant  a  flat  house-top,  terrace,  or  other  part  of  a  dwelling  exposed  to  the 
sun),  which  served  as  sleeping-apartment  and  parlour  for  the  mistress.  In  many 
houses  this  was  the  only  apartment  which  existed  specially  set  apart  for  sleeping. 
The  guests  had  bags  of  straw  or  benches  allotted  to  them  in  the  hall,  and  the 
servants  slept  on  the  floor. 

Under  the  solar  a  cellar  was  usually  constructed,  and  was  probably  used 
for  pui-poses  of  storage.  The  kitchens  and  other  outhouses  were  for  a  long  time 
mere  temporaiy  erections.  In  the  reign  of  Henry  III.  (1216 — 1273)  the  royal 
kitchens  at  Oxford  were  blowh  down  by  a  strong  wind.  When  the  king  moved 
from  one  house  to  another  orders  were  sent  on  in  advance  to  construct  such  offices 
as  would  be  required  during  his  sojourn.  This  state  of  things  continued  until,  with 
more  settled  times  and  more  refined  customs,  it  ceased  to  be  the  habit  of  a  great 
baron  to  take  his  whole  culinary  department  with  him  when  he  moved  from  place 
to  place,  and  it  became  necessary  to  provide  more  permanent  accommodation  for  the 
kitchen  department. 

What  little  is  known  about  the  sanitary  arrangements  of  these  early  times 
shows  how  primitive  and  how  unwholesome  these  arrangements  must  have  been. 
In  the  London  Assize  of  1189  mention  is  made  of  "  camerse  privatse,"  and  certain 
rules  are  laid  down  for  their  construction,  and  the  distance  to  be  preserved  between 
those  belonging  to  adjoining  houses. 

The  sanitary  arrangements  of  great  religious  houses  were,  however,  if  that  of 
the  monastery  attached  to  Canterbury  Cathedral  may  be  taken  as  a  fair  sample,  on 
the  whole  complete.  The  supply  of  water  was  obtained  from  a  source  outside  the 
city  walls,  and  conducted  through  a  circular  conduit-house  by  pipes  to  the  precincts. 
Immediately  outside  the  conduit-house  there  was  fixed  a  circular  pierced  plate,  the 
object  of  which  was  to  intercept  the  larger  impurities.  Between  this  and  the 
monastery  precincts  were  five  oblong  reservoirs  or  settling  tanlcs,  through  each  of 
which  the  water  had  to  pass.  Inside  the  walls  the  water  was  conveyed  in  succession 
through  a  series  of  tanks  in  different  parts  of  the  monastery,  and  each  one  lower 
than  the  preceding  one,  the  communication  from  one  tank  to  the  other  being 
by  pipes  fixed  underground.  The  last  tank  of  the  series  discharged  its  overfiow  into 
the  sewers  of  the  monastery,  and  from  this  tank  pipes  conveyed  the  water  to  various 
parts  of  the  buildings  to  supply  the  piscinae,  lavatories,  etc.  From  each  supply-pipe 
to  a  tank  a  short  piece  of  pipe  was  branched  and  fitted  with  a  stop-cock  in  close 
proximity  to  the  nearest  drain.  The  object  of  this  pipe  (which  was  called  a 
"  purgatorium,")  was  to  let  off"  the  water  from  the  pipe  in  order  to  cleanse  it. 

The  privies  of  the  monastery  were  arranged  in  a  long  hall,  under  which  and 
against  the  outer  wall  ran  a  fosse,  or  open  sewer.  The  hall  was  divided  into 
compartments,  which  were  immediately  over  the  fosse.  Into  this  fosse  the  waste 
water  from  the  tanks  and  the  whole  of  the  rain-water  from  the  roofs  were  turned, 
thus  providing  what  must  have  been,  except  in  seasons  of  drought,  a  constant 
flush  throughout  the  sewer.  This  "  necessarium "  was  also  called  the  "third 
dormitory,"  which  is  considered  by  Professor  Willis*  to  have  been  a  cant  name  for 
camerse  privatse. 

'^.^  "Tl P'^^^^y  '"^  ""i^'  P«'-h'^P«  derived  from  the  habit  of  dozing  in  the  recesses  of  this 
apartment,  which  may  be  mferred  from  one  of  the  duties  assigned  by  Lanfranc  to  the  circa,  or  watch- 
man, namely,  to  examme  all  the  sedilia  at  night,  lest  any  monk  sl>ould  be  asleep  tliore,  in  which  case 
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In  castles  these  privy  chambers  were  frequently  arranged  in  the  towers  or  in 
projecting  turrets,  whence  theii-  contents  were  discharged  into  the  moat  In  the 
Liberate  Rolls  of  Henry  III,  from  which  large  extracts  were  made  and  translated 
by  Mr.  Hudson  Turner,  in  his  work  on  the  Domestic  Architecture  of  the  Middle 
Ages,  dii-ections  are  frequently  given  respecting  such  chambers  and  drains.  Thus 
on  one  occasion  a  privy  chamber  in  the  Tower  of  London  is  stated  to  be  in  "  an 
undue  and  improper  place,  wherefore  it  smells  badly,"  and  Edward  Fitz-Otho,  the 
king's  architect,  is  thereupon  enjoined  to  erect  another  in  sucb  more  fitting 
and  proper  place  as  he  may  select,  "  even  though  it  should  cost  a  hundred 
pounds."* 

Again,  an  open  drain  or  channel  ran  through  the  halls  of  the  king's  palace  at 
Westminster,  into  whicli  the  refuse  of  the  kitchens  were  discharged.  To  obviate 
the  nuisance  arising  from  this,  an  order  was  given  to  make  "  a  certain  conduit 
through  which  the  refuse  of  the  king's  kitchen  at  Westminster  flows  into  the 
Thames  ;  which  conduit  the  king  ordered  to  be  made  on  account  of  the  stink  of  the 
dirty  water  which  was  carried  through  his  halls,  which  was  wont  to  affect  the 
health  of  the  people  frequenting  the  same  halls."  f 

If  the  great  nobles,  and  even  the  sovereign,  were  content  with  arrangements  of 
so  imperfect  a  kind,  it  may  fairly  be  assumed  that  the  houses  of  the  lower  classes 
were  infinitely  worse,  and  it  is  possible  to  comprehend  the  fearful  ravages  which  under 
such  conditions  were  made  by  the  plagues  and  pestilences  of  the  Middle  Ages.  The 
filthy  and  undrained  streets  of  the  towns,  down  the  centre  of  which  in  open  channels 
the  filth  and  refuse  fi-om  the  houses  pursued  its  course  to  the  river  or  stream, 
coupled  with  the  absolute  want  of  anything  approaching  ordinary  personal 
cleanliness,  must  have  rendered  the  inhabitants  an  easy  prey  to  fevers,  and  that 
scourge  of  the  Middle  Ages,  leprosy.  It  is  said  that  in  the  black  death  of  1348, 
more  than  one-half  the  population  of  England  was  swept  away. 

The  reign  of  Henry  III.,  occupying  fifty-seven  years  of  the  thirteenth  century, 
was  fertile,  not  only  in  amount  but  in  improvement  in  domestic  architecture.  The 
king  himself  was  an  enlightened  patron  and  student  of  the  art.  It  was,  moreover, 
during  this  century  that  the  development  of  the  first  period  of  Gothic  architecture, 
called  early  English,  or  First  Pointed,  reached  its  highest  point.  Salisbury  Cathedral, 
the  choir  and  transepts  of  Westminster  Abbey,  the  presbytery  of  Lincoln  Cathedral, 
and  the  chapel  of  the  nine  altars  in  Durham  Cathedral,  are  a  few  of  the  well-known 
and  beautiful  works  of  this  period. 

The  arrangement  of  hall  and  solar  continued  through  this  and  the  succeeding 
centuries ;  but  in  the  case  of  castles,  these  apartments,  together  with  the  domestic 
offices,  were  frequently  arranged  within  the  inner  ballium,  or  bailey,  and  inde- 
pendently of  the  keep,  which  was  reserved  for  purposes  of  defence.  The  hall  of 
Stokesay  Castle,  Shropshire,  erected  at  the  end  of  the  thirteenth  century,  is  a  well- 
preserved  and  beautiful  specimen  of  the  domestic  architecture  of  the  period.  Its 
dimensions  are  51  feet  long  by  36  feet  wide.  The  roof  is  of  oak,  and  open  to  the 
ridge,  the  principals  being  curved  and  supported  on  corbels  projecting  from  the  wall. 
It  is  lighted  by  eight  large  two-light  windows,  divided  horizontally  by  transomes,  the 

he  is  enjoined  not  to  disturb  the  sleeper  rudely  by  touching  him,  but  quietly  to  make  soine  httle  noise 
or  stir  that  may  rouse  him.  "-The  Architectural  HistoiT  of  the  Conventual  Buildings  of  the  Monastery 
of  Christ  Church  in  Canterbuiy,  by  the  Rev.  Robert  Willis,  18G9. 

«  Close  Rolls,  30  Henry  III.  t  Liberate  Rolls,  44  Henry  IH. 
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upper  lights  having  cusped  lancets  with  plain  circles  in  the  heads.  Inside  the 
windows  are  carried  down  within  a  short  distance  of  the  floor,  and  each  is  furnished 
with  two  seats. 

Manor-houses  increased  both  in  number  and  importance  during  the  thirteenth 
century.  They  were  frequently  fortified,  and  provided  with  a  drawbridge  and  moat. 
The  aiTangements  of  such  houses  were  simple,  but,  as  in  the  example  given,  appro- 
priate to  their  purpose. 

But  little  improvement  can  be  traced  in  the  architecture  of  either  town  houses  or 
cottages  of  this  period.  This  is  probably  due  to  the  fact  that  timber  was  still  so 
largely  used  for  both  purposes. 

In  the  interiors  of  houses  one  of  the  most  noticeable  features  was  the  window- 
seat.  Glass  was  first  used  in  domestic  work  in  this  century.  It  was  a  costly 
luxury  for  two  reasons — first,  because,  having  to  be  imported  from  abroad,  the  risk 
of  fracture  was  greater  than  when  it  was  made  at  home ;  and  secondly,  because 
skilled  workmen  were  rare,  and  consequently  expensive.  In  the  following  century 
the  scarcity  both  of  glass  and  glaziers  is  instanced  by  the  fact  that  when  the  windows 
of  the  chapel  at  Stamford,  founded  in  honour  of  Joan,  mother  of  Richard  II.,  were 
in  need  of  repair,  a  writ  was  issued,  empowering  one  Nicholas  Hoppewell  to  take 
as  much  glass  as  he  could  find  in  the  counties  of  Norfolk,  Northampton,  Leicester, 
and  Lincoln,  and  to  impress  as  many  glaziers  as  should  be  requisite  for  the  work.* 
Instances  are  not  uncommon  of  windows  which  had  glass  in  the  upper  part,  but 
wooden  shutters  in  the  lower  part. 

As  a  covering  to  the  walls  of  balls,  wainscqting  appears  to  have  been  a  not 
uncommon  feature.  Frequent  mention  is  made  of  wainscoting  in  the  Liberate  and 
Close  Rolls  of  Henry  III.  before  referred  to,  and  orders  are  given  to  paint  the 
wainscot  of  a  green  colour  with  gold  stars,  or  to  paint  histories,  figures  of  saints,  and 
so  forth. 

Chimneys  are  frequently  mentioned  in  the  State  documents  of  Henry  III.  It 
is  not,  however,  until  the  succeeding  century  that  they  appear  with  any  prominence 
as  ornamental  features. 

The  state  of  the  floor  of  the  hall  in  most  great  houses  must  still  have  been  very 
unwholesome,  as  may  be  inferred  from  the  fact  that  the  usual  name  for  that  part  of 
the  hall  below  the  dais  was  the  marsh.  Wood  flooring  was  used  to  a  great  extent 
in  the  royal  houses,  and,  it  may  therefore  be  fairly  inferred,  was  also  in  use  in  the 
castles  of  the  nobility. 

The  general  use  of  whitewasli,  as  applied  to  the  exteriors  of  houses  of  all  kinds, 
is  a  noteworthy  feature  of  this  period.  So  highly  was  it  esteemed,  that  the  citizens 
of  London  protested  against  the  use  of  "sea-coal,"  on  account  of  its  tendency  to 
blacken  their  whitewashed  walls.  Whitewash  was  also  applied  to  thatch  as  a  pre- 
ventive against  fire.  This  custom  still  prevails  in  parts  of  Wales.  An  order  occurs 
m  the  Liberate  Rolls,  before  referred  to,  to  construct  pipes  to  convey  the  water 
from  the  leaden  gutters  of  the  great  tower  down  to  the  ground,  "  so  that  the  wall 
of  the  same  tower,  which  has  been  newly  whitewashed,  maybe  in  no  wise  injured  by 
the  dropping  of  rain-water,  nor  be  easily  weakened."  t 

Rude  and  imperfect  as  the  water-supply  of  most  towns  continued  to  be  for  many 
centunes,  it  would  appear  that  London  was  in  this  respect  in  advance  of  the  time. 
^•Hudson  Turner's  "  Domestic  Architecture."  f  Lib.  Boll,  2.5  Hen.  III. 
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It  was  in  the  thirteenth  century  that  the  first  conduit  for  the  supply  of  water  was 
•established  at  Tyburn,  whence  leaden  pipes  conveyed  the  water  to  the  City.  The 
pipes  were  laid  in  1236.    In  1285  the  great  conduit  of  lead  was  erected.* 

The  use  of  baths  was  first  introduced  towards  the  end  of  this  centuiy,  probably 
from  the  East. 

The  fourteenth  century  marks  roughly  the  period  known  as  geometrical,  or 
decorated,  a  period  distinguished  by  the  great  beauty  and  perfection  to  which  the 
development  of  window-tracery  was  carried. 

Whilst  the  same  general  arrangements  prevailed  in  castles  and  manor-houses  as 
in  the  last  century,  the  dimensions  and  number  of  apartments  were  enlarged,  and 
the  scale  of  magnificence  greatly  increased. 

The  hall,  of  which  that  at  Penshurst  is  a  good  example  of  the  period,  became  a 
noble  apartment,  with  its  gallery  for  minstrels  at  one  end,  and  a  recessed  bay  win- 
dow, in  which  the  buffet  was  placed.  The  characteristic  windows  with  seats  still 
appeared  as  the  usual  form  of  window  in  the  halls. 

In  the  fourteenth  century  a  change  of  a  notable  character  first  began  to  make  itself 
known.  This  was  the  withdrawal  of  the  lord  from  the  revelries  of  the  hall  into  a 
parlour  or  withdrawing-room  at  one  end  of  the  hall,  and  whence  he  could  look  on  at 
what  was  going  forward  without  actually  participating. 

This  really  is  the  first  notice  of  the  coming  change  in  manners,  which  resulted 
in  the  disuse  of  the  hall  for  its  original  purpose. 

Although  the  halls  of  this  period  and  even  later  were  usually  unprovided 
with  chimneys,  and  the  smoke  from  the  brazier  or  andiron  in  the  centre  of  the 
floor  was  allowed  to  find  its  way  out  through  a  louvred  turret  in  the  roof,  the 
chambers  generally  had  fireplaces  and  chimneys.  •  The  chimneys  were  designed 
with  care,  and  were  often  i-emarkably  picturesque  features. 

The  number  of  privy  chambers  too  was  remarkable.  It  seems  to  have  been 
thought  a  matter  of  necessity  to  provide  one  for  each  room.  Frequently  a  tower 
was  set  apart  for  the  purpose,  called  the  garde-robe  tower. 

In  this  century  the  domestic  offices  assumed  a  more  permanent  character, 
and  were  often  of  a  very  extensive  nature.  The  kitchen  especially  was  frequently 
a  spacious  and  lofty  apartment,  not  uncommonly  with  a  vaulted  stone  roof,  in 
the  centre  of  which  was  a  lantern-light. 

The  intelligent  interest  taken  by  Edward  I.  in  the  arrangement  of  towns 
exercised  an  influence,  which  in  several  instances  has  lasted  to  this  day.  The 
free  towns  (Villeneuve  and  Villefranche),  wliich  he  founded  in  Guienne  aud 
Aquitaine,  were  laid  out  with  a  scientific  regard  to  sanitary  conditions  which  is 
remarkable,  and  was  certainly  far  in  advance  of  the  thought  of  the  age.  Tlie 
principle  upon  which  these  towns  were  planned  was  sijnilar  to  that  of  a  modern 
American  town.  The  market-place  formed  the  centre,  from  which  the  streets 
diverged  all  at  right  angles.  The  streets  were  broad  and  spacious,  and  though 
the  space  was  utiHsed  to  the  best  advantage,  ample  provision  was  made  for  free 
access  of  light  and  air.  Special  privUeges  were  granted  to  these  towns  to  encourage 
the  people  to  flock  to  them ;  their  influence  on  the  civilisation  and  moral  progress 
of  the  people  can  hardly  be  overrated.  Added  to  this  was  the  fui-ther  important 
fact  that  these  free  towns  were  one  great  means  which  the  king  had  of  counter- 
*  Roberts's  "  Social  History  of  the  Southern  Counties,"  1856. 
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baliuicing  the  power  of  the  barons.  This  end  was  largely  advanced  by  the 
opportunities  for  the  development  of  commerce  and  the  arts  of  peace  afforded  by 
the  municipal  privileges  of  these  towns. 

With  the  beginning  of  the  fifteenth  century,  the  period  of  the  Perpendicular 
style  of  architecture,  the  strongly-fortified  castle  gave  way  to  the  mansion  m 
which  the  idea  of  the  dwelling  gained  increasing  prominence.  Architecture  as 
applied  to  dwelling-houses  assumed  at  this  period  a  more  purely  distinctive 
and  domestic  character.  The  idea  of  fortification  did  not,  however,  disappear  in 
an  abrupt  manner,  but  for  some  little  time  the  two  overlapped  as  it  were,  and 
houses  built  as  ordinary  dwellings  still  retained  features  of  the  castle  in  the 
shape  of  crenellated  parapets,  loopholes,  and  poi-tcuUises.  The  introduction  of 
gunpowder  (first  used  in  battle  by  the  English  at  the  battle  of  Crecy,  1346), 
had  rendered  the  old  method  of  fortification  comparatively  useless  as  a  protection 
against  the  attacks  of  artillery.  The  transition  from  the  old  to  the  new  order 
of  things  is  well  illustrated  by  the  remains  of  Hurstmonceux  Castle  in  Sussex, 
where  the  spacious  and  unprotected  windows  of  the  later  period  are  in  close 
juxtaposition  to  the  creneUs,  the  loop-holes,  and  the  drawbridge  of  the  older  time. 
This  house  was  built  in  1422  to  1471  by  Sii-  Roger  de  Fiennes,  an  Agincourt 
veteran,  who  obtained  the  licence  to  crenellate  in  1440.  It  is  also  interest- 
ing from  the  fact  that  it  is  probably  one  of  the  largest  brick  buildings  of  the 
period. 

Little  change  of  plan  took  place  with  regard  to  the  great  hall,  which  still 
retained  its  prominence.  In  details  of  decoration  and  furniture,  however, 
great  progress  was  made  ;  it  was  the  age  of  the  magnificent  open  timber  roofs 
of  Eltham  Palace  and  Westminster  HaU.  During  this  period,  too,  woodwork 
of  all  kinds,  but  especially  in  wall  panelling,  was  carried  to  a  most  sumptuous 
and  beautiful  point  of  perfection.  Glass  appears  to 'have  been  more  generally 
employed,  and  it  was  during  this  century  that  the  manufacture  of  glass  was 
first  carried  on  in  England.  Dwellings  in  towns,  with  the  increasing  wealth 
and  importance  of  the  townsfolk,  were  of  increased  dimensions.  They  were 
and  continued  to  be  very  frequently  of  half-timber  work,  but  several  remains 
exist  to  show  that  considerable  care  and  skill  was  expended  in  their  design. 
The  storeys  usually  projected  one  over  the  other,  and  were  carried  on  richly 
carved  or  moulded  brackets. 

From  the  description  of  the  construction  and  arrangement  of  the  city  of  Troy  in 
a  MS.  of  the  fifteenth  century — Lydgate's  "  Siege  of  Troy " — which  may  be 
taken  as  describing  generally  a  contemporary  English  town,  it  would  appear  that 
considerable  progress  had  been  made  in  sanitary  matters. 

After  describing  the  character  of  the  masonry  and  other  matters  of  interest, 
amongst  which  may  be  mentioned  covered  ways,  or  "  deambulatories,"  in  which  the 
citizens  might  walk  sheltered  from  the  weather,  the  writer  proceeds  to  describe  the 
methods  of  disposing  of  refuse  : — ■ 

"  And  euy  *  hous  cured  t  was  with  led 

And  many  gargoyl  and  many  hidous  hed 

Wt  spoutis  thorugh,  and  pipes  as  yei  ought 

Ffro  ye  eton  werke  to  ye  canel  raughte 
*  Every,  f  Covered. 
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Voydyng  fylthos  lowe  into  ye  gronde, 
Thorugh  grates  percid  of  yre  *  percid  roude 
Ye  stretis  paued  bothe  in  lengthe  and  brode 
In  cheker  wyse  with  stonys  white  and  rede." 

The  river  which  ran  though  the  midst  of  the  to^vn  is  then  described,  and  the 
"  condut  pipis  "  which  conveyed  "  al  odure  and  fylthes  "  to  the  river.  The  method 
by  which  these  pipes  conveyed  away  the  filth,  and  at  the  same  time  washed  the 
streets,  was  aiTanged  in  so  crafty  a  manner  that  no  man  could  tell  where  it  all 
went  to. 

"  Ffor  ye  canel  skoured  was  so  clone 
And  denoyded  in  so  fell  wyse, 
Yat  no  man  might  espien  nor  denyse 
By  what  engyn  yo  fylthes  fer  nor  ner 
Wer  born  away  by  cours  of  ye  riuer 
So  coucrtly  eury  thing  was  cured ;  f 
Where  by  ye  ton  was  outterly  assured 
Ffrom  endengerynge  of  al  corrupcion, 
Ffrom  wikked  cyr  &  from  infcccion 
That  causyn  ofte  by  her  violence 
Mortalitie  and  gret  pestilence." 

In  the  matter  of  water-supply  some  progress  appears  to  have  been  made,  and 
may  fairly  be  assumed  to  have  had  some  influence  on  personal  cleanliness.  An 
additional  supply  appears  to  have  been  brought  into  Loudon,  in  1483,  by  pipes  from 
Highbury.  The  city  of  Leicester  was  in  the  fourteenth  century  still  supplied  by 
wells  only,  as  appears  by  an  order  of  the  corporation,  that  no  woman  |  should  wash 
clothes  or  other  corruption  in  the  public  wells.  That  personal  cleanliness  was 
certaiiily  thought  of  at  this  period  with  special  reference  to  health  appears  from  the 
following  extract  from  a  manuscript  translation  of  "  Palladius  on  Husbandrie," 
preserved  in  Colchester  Castle,  the  date  of  which  is  about  1420  : — 

f  It  is  not  strange,  if  water  wol  suffice, 

An  husbonde  on  his  baathe  to  be  bethoughte ; 
■  For  thereof  may  pleasaunce  and  heltlie  aryse. 

Towarde  the  sonne  on  drie  it  must  be  wrought, 

Southwest  and  southc  the  sonnes  ynne  be  brought, 

That  alle  the  day  it  may  be  warme  and  light." 

Minute  instructions  follow  for  constructing  the  furnace,  floor,  sujjply  of  hot 
and  cold  water,  and  of  the  bath  itself.  In  another  pai-t  of  the  same  manuscript 
advice  is  given  about  choosing  a  supply  of  water  and  a  site  for  the  house. 
The  construction  and  arrangement  of  the  house  itself  is  also  described ;  but  the 
book  being  by  an  Italian,  these  details  are  scarcely  illustrative  of  buildings  in 
England. 

The  evils  resulting  from  the  pollution  of  rivers  by  the  excrement  and  other 

refuse  of  towns  being  allowed  to  drain  or  be  cast  into  them  was  recognised  in  a 

proclamation  of  Edward  IV.,  enjoining  the  execution  of  various  statutes  directed 

against  the  custom.  § 

*  Iron.         t  Covered.         %  Koborts's  "  Social  History  of  the  Southern  Counties,"  185G. 
§  Roberts's  "  Social  History  of  the  Southern  Counties,"  185G. 
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Domestic  avcHtecture,  as  before  remarked,  assumed  in  the  fifteenth  century 
a  more  purely  distinctive  character,  which  became  the  groundwork  of  the  styles 
of  the  succeeding  century,  and,  in  fact,  retained  its  influence  well  into  the 
seventeenth  century.  The  most  marked  feature  is  the  wiiadow.  The  openings  were 
divided  bv  muUions  and  transoms  into  several  lights ;  often  there  were  three  in 
height,  one  above  the  other,  and  windows,  five  and  six  lights  in  width,  are  by 
no  means  uncommon.  The  bay  window  became  a  frequent  feature,  and  was  often 
semicircular  in  plan.  The  heads  of  windows  are  almost  invariably  square,  the 
cusping,  or  pointed  heads,  being  subordinated  to  the  lintel  over  the  whole.  The 
growing  custom  of  the  lord  abandoning  the  hall  as  his  living-room  for  the  "privy 
parlour  with  chimney,"  denounced  in  "Piers  the  Plowman's  Creed,"  is  illustrated  by 
the  great  beauty  and  richness  displayed  in  the  chimney-pieces. 

With  the  end  of  the  fifteenth  century  a  period  of  great  social  and  political 
change  begins.  The  first  of  these  changes,  the  decay  of  feudalism,  had  been  the 
gradual  work  of  centuries,  which  culminated  with  the  fusion  of  the  houses  of  York 
and  Lancaster  in  the  accession  of  Henry  VII.  Perhaps  the  most  notable  of  the 
results  of  this  social  change  was  the  rise  of  two  important  classes  of  society  into 
prominence.  These  were  the  class  of  landowners  ranking  next  to  the  great  feudal 
barons,  and  who  may  be  called  the  country  gentlemen,  and  the  wealthy  and 
influential  citizens  of  the  great  towns,  with  their  guilds  and  chartered  privileges, 
generally  extorted  from  the  king  as  payment  for  large  subsidies. 

The  next  important  change  is  the  suppression  of  the  religious  houses,  which, 
whatever  may  have  been  the  motive,  and  however  arbitrary  and  oppressive  were  the 
methods  of  carrying  it  into  execution,  undoubtedly  was  a  measure  the  good  eflTects 
of  which  can  hardly  be  over-estimated. 

The  most  momentous  change  of  all,  however,  was  the  introduction  of  what  is 
called  the  new  learning.  The  great  wave  of  intellectual  revival  which  had  its 
starting-point  in  Florence,  and  which,  in  course  of  time,  influenced  and  directed  not 
only  literary  studies  but  the  arts  of  design  and  the  customs  of  domestic  life,  first 
reached  England  at  the  end  of  the  fifteenth  century.  And  although  it  was  not  until 
the  seventeenth  century  that  the  architecture  of  the  Renaissance  was  fairly  established 
in  this  country,  yet  the  intellectual  and  moral  efiects  of  the  movement  can  clearly  be 
traced  in  the  improved  habits  and  morals  of  the  people. 

This  improvement  extended  to  all  classes  of  the  community,  except,  perhaps,  to 
the  agricultural  labourer,  who,  even  to  this  day,  is,  in  some  parts  of  England,  scarcely 
better  housed  than  his  predecessor  of  the  Middle  Ages. 

Parm-houses  of  "  wattle  and  dab  "  in  many  instances  gave  place  to  the  sub- 
stantial stone  buildings,  some  of  which  remain  to  this  day.  In  some  parts  of  the 
country  cottages  exist  built  of  stone,  and  evidencing  in  their  quiet  picturesqueness 
the  capabilities  of  the  style  to  the  smallest  classes  of  houses.  A  row  of  cottages 
at  Glossop,  many  of  which  have  been  scarcely  altered  since  their  erection,  show  in 
their  mullioned  windows  the  adaptation  to  the  humblest  needs  of  architectural 
features  used  in  the  largest  mansions. 

As  a  specimen  of  the  smaller  class  of  manor-house,  that  in  the  same  village  is  a 
characteristic  example. 

The  inventories  and  wills  of  the  period  show  how  greatly  the  furniture  and 
utensils  of  the  households  of  people  of  the  yeoman  class  had  improved.   .  Pewter  and 
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even  silver  were  substituted  for  the  wooden  trenchers  of  earlier  times  ;  and  carpets 
occasionally  took  the  place  of  the  filthy  rushes  or  straw  on  the  floors.  The  lofty  and 
substantial  houses  of  the  wealthier  burghers,  often  fitted  up  with  costly  panellin'/ 
and  valuable  furniture,  mark  the  rise  of  the  great  middle  class  which  has  had  so 
important  a  part  to  play  in  subsequent  history.  The  development  of  commerce  and 
manufacture  had,  however,  a  tendency  to  foster  the  growth  of  large  towns,  which  in 
those  days  of  imperfect  sanitary  knowledge  led  to  serious  results  in  the  cases  of 
epidemics.  Thus  the  Black  Assizes  at  Oxford  are  clearly  traceable  to  the  over- 
crowded and  unwholesome  state  of  the  city.  Erasmus  writing  to  Franciscus, 
Cardinal  Wolsey's  physician,  attributes  the  sweating  sickness  and  the  plague,  from 
which  England  was  hardly  ever  free,  to  the  incommodious  form  and  bad  arrange- 
ment of  the  houses,  the  filthiness  of  the  streets,  and  the  dirt  and  disorder  Avithin 
doors. 

In  the  year  1601,  the  43rd  of  Elizabeth's  reign,  an  Act  was  passed  which 
consolidated  and  improved  upon  some  former  Acts,  and  became  the  basis  of  the 
system  of  Poor  Law  relief  and  administration  until  recent  times.  This  legislation 
undoubtedly  had  a  most  important  bearing  upon  the  social  and  moral  condition  of 
the  poorer  classes.  The  gangs  of  idle  and  worthless  vagrants  were  compelled  to 
labour  for  their  sustenance,  while^the  duty  of  providing  for  the  aged  and  infirm  paupers 
devolved  upon  the  parishes,  and  rates  were  levied  for  both  purposes.  Compared 
with  the  legislation  of  previous  times  which  reduced  labourers  to  the  condition  of 
serfs,  who  were  bound  to  the  land  upon  which  they  worked,  and. when  beggars  were 
hanged  by  fifty  at  a  time,  this  was  indeed  a  step  in  advance.*  Nor  was  this  the 
only  direction  in  which  the  social  condition  of  the  labouring  classes  received  an 
impulse  in  the  direction  of  improvement.  Farming  and  manufactures  began  to 
be  developed  and  improved,  and,  as  a  natural  consequence,  the  demand  for  skilled 
and  unskilled  labour  increased  greatly.  In  Elizabeth's  reign,  too,  the  first  beginnings 
of  that  career  of  commerce  and  navigation  for  which  this  country  has  ever  since 
been  so  pre-eminent  were  made.  The  foundation  of  the  Royal  Exchange  by  Sir 
Thomas  Gresham  in  1556  is  a  notable  landmark  of  the  progress  of  the  commerce  of 
the  period.  With  all  this  commercial,  agricultural,  and  manufacturing  activity, 
fostered  by  the  wise  and  frugal  care  of  the  sovereign,  aided  by  a  council  of  ministers 
of  no  common  order,  the  social  change  was  naturally  very  marked. 

The  houses  of  the  nobility  and  wealthy  gentry  assumed  a  character  altogether 
different  from  that  of  feudal  times.  The  long  galleries,  the  projecting  oriels  and  bay 
windows,  the  broad  terraces  and  stately  flights  of  steps,  mark  a  new  departure  in 
domestic  architecture.  The  lavish  use  of  glass,  against  which  Lord  Bacon  enters  a 
protest  when  he  remarks  that  "  you  shall  have  sometimes  your  houses  so  full  of 
glass  that  one  cannot  tell  where  to  become  to  be  out  of  the  sun  or  the  cold,"  was  a 
feature  in  houses  of  this  period  which  could  not  fail  to  have  an  important  influence 
for  good  on  the  health  of  the  inmates.  Still,  it  is  curious  to  find  amidst  all  the 
lavish  expenditure  in  household  and  personal  adornments  which  characterise  the  age, 
the  old  custom  of  strewing  the  floors  with  rushes  or  straw  still  to  a  great  extent 
kept  up.  The  use  of  carpets,  except  on  extraordinary  occasions,  was  indeed  con- 
sidered a  mark  of  extreme  luxury  and  foppishness. 

»  Hallam's  "  History  of  the  Middle  Ages." 
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CHAPTER  XXVII. 

ARCHITECTURE  FROM  THE  SIXTEENTH  TO  THE  EIGHTEENTH  CENTURIES. 

Tudor  and  EU.abethan-John  ThoxTe-Inigo  Jones  and  the  Classic  Style-Its  f ^I^^JJ^^^ 
.  the  Metropolis-Sanitary  Condition  of  the  Great  Towns-Pnncipal  Ai-chitects  of  the  Eighteenth 

Century. 

Architecture  in  the  sixteenth  century  may  be  divided  into  two  periods,  the  Tudor 
and  the  EUzabethan ;  the  former  of  which  may  be,  regarded  as  the  latest  phase  of 
Gothic,  whilst  the  latter  is  the  earHest  phase  of  Renaissance— more  properly, 
perhaps,  the  transition  from  Gothic  to  Renaissance. 

Of  Tudor  architecture,  Hengrave  Hall,  in  Suffolk,  is  a  beautiful  and  fairly 
complete  example.  It  waS  begun  by  Sir  Thomas  Kitson  in  1525,  and  completed 
in  1538.  By  alterations  in  the  seventeenth  and  eighteenth  centui-ies  the  house  was 
reduced  to  one-third  of  its  original  size.  A  complete  iaventory  of  all  the  rooms  and 
their  contents  as  they  were  in  1603  exists,  however,  and  affords  a  most  iateresting 
insight  into  the  arrangement  and  furniture  of  a  nobleman's  mansion  of  the  period. 
From  this  it  appears  that  several  of  the  chambers  were  arranged  in  suites  of  three 
or  four  rooms  each.  It  is  also  recorded  that  separate  chambers  were  allotted  to  the 
nursery,  the  bath-room,  and  the  linen-chamber.  There  were  two  still-rooms,  a 
laundry-house,  pastry-room,  wet  and  dry  larders,  "  fy she-house,"  dairy,  cheese- 
chamber,  and  various  rooms  pertaining  to  the  brewhouse  and  stable.  There  was 
also  a  slaughter-house.  The  great  hall  was  a  noble  apai-tment  with  a  music-gallery 
at  one  end.  A  room  was  set  apart  for  the  musicians,  and  a  list  of  their  instru- 
ments is  given  in  the  inventory  of  "necessaries." 

The  principal  rooms  were  arranged  around  an  inner  quadrangle,  and  the 
hall  was  on  that  side  of  the  quadrangle  opposite  to  the  principal  entrance.  A 
corridor,  ruiming  round  the  sides  of  this  central  court,  afforded  access  to  the  several 
rooms,  an  arrangement  which  was  afterwards  developed  by  Thorpe  to  a  considerable 
degi-ee  of  elaboration. 

The  most  noticeable  features  of  the  main  entrance  front  are  the  four  octagonal 
turrets,  the  two  flanking  the  entrance-porch  being  crocketed  and  similar  in  form  to 
those  of  Henry  VII .'s  chapel  at  Westminster^  and  the  projecting  window  over  the 
porch.  All  the  windows  have  the  flattened  arch  peculiar  to  the  later  phases  of  the 
Pei-pendicular  period,  and  the  embattled  parapet  marks  the  still  lingering  features 
of  the  castle. 

An  important  feature  in  all  large  houses  of  this  period  is  the  gallery  ;  of  this 
the  one  at  Hatfield,  though  possibly  belonging  rather  to  the  commencement  of  the 
next  century,  is  a  good  example.  The  well-known  galleries  at  Knole  and  Haddon 
Hall  belong  to  this  period. 

Before  proceeding  to  describe  the  second  or  Elizabethan  period  of  architecture, 
it  will  be  well  to  note  the  remarkable  development  of  timber  construction  in  this 
century.  Many  large  mansions  were  erected  almost  wholly  of  timber  framing,  with 
the  interstices  filled  in  with  plaster.  This  kind  of  building  was  extensively  practised 
in  the  north,  Cheshire  and  Lancashire  being  peculiarly  rich  in  remains  of  the  kind. 
Moreton  Hall,  Speke  Hall,  and  Bramliall  Hall  are  examples,  amongst  many 
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othei-s,  of  the  degree  of  picturesque  beauty  attained  in  this  manner.  Remains 
also  exist  to  show  that  the  same  forms  and  construction  were  employed  in  town 
houses. 

As  before  said,  the  second  or  Elizabethan  period  was  a  link  between  the  Gothic 
of  the  past  and  the  classic  of  the  future.  The  Gothic  influence  is  sho^vn  in  the 
retention  of  the  stone  mullions  and  transoms,  and  the  gabled  roofs  with  other 
minor  features.  The  influence  of  Italian  art  is  shown  principally  by  the  application, 
in  more  or  less  debased  forms,  of  the  classic  orders,  and  the  substitution  of  balus- 
trades for  battlemented  parapets.  A  curious  and  interesting  volume  is  preserved  in 
Sir  J ohn  Soane's  Museum  of  plans  and  views  of  houses  designed  by  John  Thorpe, 
an  architect  who  lived  in  the  laiter  end  of  the  sixteenth  century,  but  of  whom  unfor- 
tunately absolutely  nothing  is  known  beyond  the  fact  that  he  made  the  drawings 
referred  to.  The  volume  contains  plans,  amongst  others  of  Buckhurst  Hall,  Kent ; 
Woolaton  Hall,  Nottinghamshire,  1580-88;  Burleigh,  Northamptonshire,  1575-80; 
Holland  House,  at  Kensington,  1606-7  ;  Audley  End,  Essex,  1610-16 ;  Longford 
Castle,  Wiltshire,  1591 ;  and  Holdenby  House,  Northamptonshire,  1580.  The  plan 
of  Longford  House  is  a  curious  device ;  it  is  founded  on  a  diagram  of 
the  Trinity,  the  principal  rooms  being  in  the  circular  comers,  and  the 
offices  and  corridors  in  the  connecting  bands.  There  is  also  an 
ingenious  and  quaint  plan  for  a  house  for  himself,  formed  of  the  two 
initial  letters  of  his  names,  I  and  T,  joined  by  a  band.  The  T  con- 
tains the  Hving-rooms  and  the  I  the  domestic  offices. 

It  is  curious  to  note  that  in  many  of  Thorpe's  plans  an  endeavour  is  made  to 
provide  each  bed  room  with  a  privy.  The  increase  in  number  and  in  the  size  of  the 
servants'  apartments  is  also  noticeable. 

It  was  not  until  the  earlier  part  of  the  seventeenth  century  that  the  forms  of  classic 
art  were  fairly  established  in  this  country;  and  even  then  Elizabethan  details 
continued  to  be  not  unfrequently  employed ;  indeed,  in  some  parts  of  England  these 
details  have  been  continuously  employed  until  quite  recent  times. 

The  employment  of  classic  forms  in  architecture  was  part  of  the  results  of  the 
Renaissance  or  revival  of  learning  referred  to  above.  It  took  some  time  before 
it  was  freely  adopted  here,  but  once  established  it  took  firm  root,  and  became  the 
one  accepted  style  for  nearly  two  centuries. 

The  essential  difference  between  Gothic  and  classic  art  is  that  whilst  in  the 
former  the  window  is  the  most  characteristic  feature,  and  the  one  by  which  the 
period  of  a  building  can  almost  invariably  be  decided,  in  the  latter  the  columns, 
with  their  appropriate  cornices  and  bases,  are  the  dominant  members.  In  classic 
art  the  five  orders,  with  their  rigid  and  inflexible  rules,  govern  and  control  the 
whole  design.  Some  idea  of  the  importance  attached  to  the  classic  orders  may 
be  gathered  from  the  following  extract  from  "A  Parallel  of  the  Ancient  Archi- 
tecture with  the  Modem,"  by  Roland  Freai-t,  Sieur  de  Chambray,  pubUshed  in 
Paris  in  1650,  and  "  Made  English  for  the  Benefit  of  Builders,"  by  John  Evelyn 
in  1664.  After  giving  his  reasons  for  discarding  the  Tuscan  and  composite  orders, 
the  author  goes  on  to  describe  the  other  three  as  "the  very  flower  and  perfection  of 
the  orders,  since  they  not  only  contain  whatsoever  is  excellent,  but  likewise  all  that 
is  necessary  of  architecture."  The  loss  of  the  first  principles  of  the  art  is  thus 
accounted  for :— "  So  many  ages  of  ignorance  liave  passed  over  us,  especially  in  the 
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arts  of  arcliitectui'e  and  painting,  which  the  war  and  frequent  inundations  of 
barbai-ians  had  almost  extinguished  in  the  very  coimtry  of  their  originals;  and 
which  were  in  a  manner  new  born  again  but  a  few  years  since,  when  those  great 
modem  masters,  Michael  Angelo  and  flaphael,  did,  as  it  were,  raise  them  from  the 
sepulchres  of  their  ancient  ruins,  under  which  these  poor  sciences  lay  buried."  One 
of  the  earliest  instances  of  the  use  of  the  "  orders  "  in  this  country  is  the  beautiful 
"Gate  of  Honour,"  at  Caius  College,  Cambridge  (1565  to  1574). 

With  the  establishment  of  classic  architecture  a  period  is  reached  when  the 
individual  arcHtect  comes  into  prominence,  and  it  is  possible  to  judge  of  him  not 
only  by  his  executed  works,  but  by  his  unexecuted  projects. 

To  Inigo  Jones  unquestionably  belongs  the  credit  of  having  first  brought  to 
perfection  in  this  country  the  classic,  or,  as  it  may  conveniently  be  called,  Palladian 
architecture.  A  radical  change  came  over  the  arrangements  of  houses  under  the 
new  development,  which  had  an  efiect  on  domestic  architecture  which  lasted  until 
recent  times.  The  great  hall  was  abandoned,  and  in  its  place  was  substituted  an 
adaptation  of  the  ItaKan  cortile  in  the  guise  of  a  saloon.  Houses  were  now  raised 
on  basements,  and  the  one  end  sought  for  in  planning  a  house  seemed  to  have  been 
not  convenience,  but  symmetry.  This  symmetry  was  to  be  accomplished  at  all 
costs,  and  the  arrangements,  distribution,  and  dimensions  of  the  different  rooms 
were  all  alike  subordinated  to  the  ruling  aim.  The  result  was  often,  especially  in 
inferior  hands,  almost  ludicrous  in  the  utter  disregard  of  convenience  displayed. 
When  it  is  remembered  that  the  Italian  villa,  which  was  taken  as  the  model  for 
imitation,  was  designed  for  habits  and  uses  widely  different  from  those  of  English 
gentry,  it  can  hardly  be  wondered  at  that  the  houses  of  this  period  are  often  so  ill 
adapted  to  their  purposes. 

The  exteriors,  again,  of  houses  of  this  date  show  the  attempt  which  was  made  to 
adapt  the  architecture  of  a  country  entirely  different  in  climate  to  the  requirements 
of  this  country.    That  the  result  was  entirely  satisfactory  was  hardly  to  be  expected. 

In  Wilton  House,  Wiltshire,  and  in  many  others  of  the  houses  which  Inigo  Jones 
designed,  the  "  orders "  are  omitted,  and  the  fagades  are  treated  simply  as  wall- 
spaces  with  window-openings,  in  which  the  effect  is  sought  to  be  attained  by  an 
harmonious  proportion  of  parts.  The  weakness  of  the  style  is  betrayed  by  the 
necessity  which  seems  to  have  existed  for  making  the  uppermost  and  the  basement 
windows  about  half  the  size  of  those  of  the  principal  floor.  It  is  this  fault  of  pro- 
portioning the  size  of  the  windows,  not  to  the  rooms  they  were  intended  to  light, 
but  to  some  inflexible  rule  of  proportion  of  the  exterior,  which  makes  the  upper 
floors  and  basements  of  many  country  houses  of  the  seventeenth  and  eigliteenth 
centuries  unreasonably  dark  and  ill-ventilated. 

During  a  great  part  of  the  first  half  of  the  seventeenth  century  building  must  have 
been  almost  at  a  standstill.  With  the  Restoration,  however,  a  new  era  in  social  history 
began.  With  the  Restoration  came  the  downfall  and  utter  collapse  of  the  Puritan 
system,  and  men's  minds  turned  instinctively  from  the  endless  and  purposeless 
theological  problems  and  religious  quarrels  of  the  past  to  investigate  and  apply  the 
laws  of  physical  science.  The  establishment  in  1662  of  the  Royal  Society  marked 
the  commencement  of  a  new  period  in  study  and  knowledge,  the  influence  of  which 
on  health  and  morals  can  hardly  be  exaggerated. 

The  fire  of  London,  which,  following  closely  on  the  last  of  the  great  outbreaks  of 
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plague  m  1666,  destroyed  the  greater  part  of  the  city,  was  an  occurrence  of  the 
utmost  importance  to  the  health  of  the  inhabitants.  The  description  of  the  city 
previous  to  the  fire,  given  by  Maitland,  reveals  a  network  of  narrow  dark  and 
tortuous  lanes,  the  houses  mostly  built  of  wood,  and  lofty,  and  each  storey  hancinc 
over  the  one  below,  so  as  almost  to  meet  at  the  top.  To  add  to  the  obstruction  to 
light  and  air,  huge  sign-boards  were  suspended  across  the  centres  of  the  streets  The 
sewers  were  in  a  most  neglected  state,  and  the  drains  all  ran  above-ground.  Added 
to  this,  the  supply  of  water,  notwithstanding  the  formation  of  the  New  River  in 
1613,  was  very  scanty.  The  practice  of  carrying  the  water  into  the  interiors  of 
houses  first  commenced  in  the  reign  of  Charles  II.,  and  was  at  first  viewed  with  con- 
siderable dislike,  as  tending  to  draw  away  the  water  to  the  detriment  of  the  com- 
munity. 

The  opportunity  afforded  by  the  destruction  of  so  large  a  part  of  the  metropolis 
was  taken  to  promulgate  certain  very  useful  and  necessary  regulations.  The  streets 
were  widened,  though,  as  the  narrow  lanes  still  existing  in  the  City  show,  not  to  the 
extent  they  might  well  have  been ;  provision  was  made  for  the  better  drainage  of  the 
surface-water  from  the  pavements  of  the  streets  ;  cesspools  were  formed  to°prevent 
the  choking  of  the  sewers  by  sand  or  gravel  from  the  roadways ;  regulations  were 
made  for  the  due  cleansing  of  the  streets,  and  also  for  the  orderly  disposition  of 
refuse ;  and  all  communication  between  privies  and  the  public  seAvers  was  ordered  to 
be  cut  off. 

From  the  period  immediately  following  the  fire  of  London  may  be  dated  a  steady 
decrease  in  deaths  from  plague,  until,  by  the  beginning  of  the  eighteenth  century, 
the  disease  had  completely  died  out. 

The  rebuilding  of  the  metropolis  was  the  opportunity  of  one  of  the  greatest 
architects  of  any  age  or  any  country.  Such  an  opportunity,  indeed,  has  rarely  pre- 
sented itself  ;  and  nobly  did  Wren  avail  himself  of  it.  His  first  step  was  to  prepare 
a  plan  for  the  complete  rebuilding  of  the  city,  which,  unfortunately,  he  was  not  per- 
mitted to  carry  out.  The  re-arrangement  of  the  streets,  which  he  proposed,  would, 
if  carried  out,  have  made  London  one  of  the  handsomest  and  most  convenient  cities 
in  the  world,  and  probably  saved  later  generations  much  needless  outlay  in  widening 
and  improving  streets.  The  short-sighted  policy  of  our  forefathers  prevented  this, 
and  Wren  had  to  do  the  best  he  could  on  the  old  lines. 

Wren's  principal  works  are  his  churches,  of  which  St.  Paul's  stands  pre-eminent. 
He  carried  out  many  very  considerable  works  of  domestic  architecture,  amongst 
which  his  additions  to  Hampton  Court  Palace  are  perhaps  the  best  known. 

As  a  specimen  of  his  work,  in  a  less  pretentious  form,  the  doorway  to  the  old 
Merchant  Taylors'  School  is  a  picturesque  example.  The  interior  of  the  school -room 
in  the  same  building  shows  how  a  simple  rectangular  room  almost  entirely  devoid  of 
ornament  can  by  skill  in  distributing  and  proportioning  windows,  and  like  attention 
to  smaller  details,  be  capable  of  presenting  an  entirely  satisfactory  architectural 
appearance. 

The  increasing  use  of  brick,  and  the  influence  from  various  causes  of  Dutch 
architecture  in  this  country,  combined  to  produce  a  phase  of  classic  architecture 
which,  homely  and  simple  in  its  details,  was  eminently  suitable  to  the  requirements 
of  the  country  and  the  climate.  Architectural  effects  were  sought  to  be  obtained 
by  the  use  of  such  homely  materials  as  red  brick,  with  moulded  and  cut  bricks  for 
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of  the  tracery  of  Gothic  times,  and  lent  an  interest  to  plana  rectangular 
window-openings  which  had  hitherto  been  wanting.  It  was  the  architecture  of 
common  sense,  and  its  complete  fulfilment  of  the  requix^ements  of  domestic  architec- 
ture in  the  present  day  goes  far  to  prove  its  value.  Chimney-pieces  of  quaint  and 
curious  designs  abound  during  this  period  ;  and  the  fashion  of  panelling  the  sides  of 
rooms,  and  forming  elaborate  ceilings  of  plaster-work,  gives  to  houses  of  the  time 
that  air  of  homeliness  and  comfort  so  much  wanting  in  work  of  a  later  period. 

Though  it  is  somewhat  difficult  to  arrive  at  any  very  precise  estimate  ot  the 
sanitaiy  condition  of  the  great  towns  at  the  commencement  of  the  eighteenth 
century  sufficient  records  exist  to  show  that  a  steady  increase  must  have  taken  place 
both  in  personal  and  public  cleanliness.  The  average  of  deaths  from  cohc  and 
dysentery  decreased  with  remarkable  activity,  so  much  so  that  in  the  last  decennial 
period  of  the  century  the  annual  average  of  deaths  from  these  causes  was  little  more 
than  a  tenth  of  what  it  had  been  in  the  first  one.  The  cause  of  this  decrease  is 
attributed  by  a  writer  at  the  beginning  of  the  present  century  to  the  improvements 
which  took  place  in  aU  the  great  towns,  in  the  manner  of  living,  but  particularly 
in  respect  to  cleanliness  and  ventilation.* 

In  many  provincial  towns,  however,  the  sanitary  arrangements  were  but  little  in 
advance  of  those  in  the  Middle  Ages.  In  the  year  1855,  Mrs.  Mary  Bai'tlett,  aged 
105,  described  to  Mr.  Edwin  Chadwick  how,  within  her  own  recollection,  it  was 
dangerous  to  walk  the  streets  of  Exeter  after  dark  "for  fear  of  being  befouled 
by  what  was  thrown  out  of  the  windows,  and  during  rain  by  the  water-spouts  from 
the  unguttered  houses."t 

The  old  custom  of  strewing  the  floors  with  rushes  also  survived  until  the 
middle  of  the  eighteenth  century.  In  seaside  towns  sand  did  the  work  of  rushes. 
Brussels  carpets  were  introduced  from  Toumay  in  1745,  and  by  the  year  1760  the 
floors  of  all  respectable  houses  were  carpeted.  | 

The  subject  of  ventilation  appears  to  have  received  little  or  no  attention  in 
this  country  until  the  close  of  the  seventeenth  and  the  early  years  of  the  eighteenth 
centuries. 

John  Evelyn,  with  a  view  to  remedy  the  vast  amount  of  evil  caused,  even 
in  his  day,  by  the  volumes  of  smoke  constantly  emitted  by  factories  of  all  kinds, 
proposed  a  scheme  for  purifying  the  air  of  the  city,  which,  visionary  and  im- 
practicable as  it  undoubtedly  is,  nevertheless  commands  respect  on  account  of 
its  author  if  not  for  its  inherent  merits.  The  scheme  was,  briefly,  to  relegate 
all  factories  requiring  large  fires  to  the  district  between  Greenwich  and  "Woolwich, 
and  prohibiting  the  erection  of  such  buildings  near  the  city  in  the  future. 
Interments  in  churches  and  churchyards  were  to  be  discontinued.  All  ofiensive 
operations,  such  as  tallow-melting,  slaughtering,  and  soap-boiling,  were  to  be  allowed 
only  within  a  certain  specified  area.  All  the  low  grounds  round  the  city,  especially 
on  the  east  and  south-west,  were  to  be  laid  out  in  fields  of  fi'om  twenty  to  forty 
acres  separated  from  each  other  by  fences  or  hedges  enclosing  a  plantation  of 

*  Heberden'8  "Observations  on  the  Increase  and  Decrease  of  Different  Diseases,"  1801. 
+  Roberts's  "  Social  History  of  the  Southern  Counties,"  1856.  J  Ibid. 
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a  hundred  and  fifty  or  more  feet  round  each  field.  These  hedges  were  to  be 
planted  with  shrubs  bearing  fragrant  flowers,  such  as  the  sweet-briar,  rosemary, 
syringa,  musk,  rose,  lavender,  bay,  and  others.  The  areas  between  these  fragrant 
fences  were  to  be  planted  with  pinks,  carnations,  primroses,  violets,  cowslips, 
thyme,  balm,  and  many  other  plants  all  chosen  for  the  fragrance  of  their  flowers 
.  or  foliage.  The  fields  within  these  gardens  were  to  be  planted  with  "  wild  thyme, 
others  with  beans,  and  pease,  and  blossom-bearing  grain  that  send  out  their, 
virtue  at  the  farthest  distance,  by  which  means  the  air  and  winds  perpetually 
fanned  from  so  many  circling  and  encompassing  hedges  and  fragi-ant  shrubs, 
trees,  and  flowers  (the  prunings  of  whose  superfluities  may  in  winter  on  some 
occasions  be  burned  to  visit  the  city  with  a  more  benign  smoke),  not  only  all 
that  did  approach  the  region  which  is  properly  designed  to  be  flowery,  but  even 
the  whole  city  would  be  sensible  of  the  sweet  and  ravishing  varieties  of  the 
perfumes,  as  well  as  of  the  most  delightful  objects,  and  places  of  recreation  for 
the  inhabitants."  * 

This  ingenious  scheme  for  ventilating  the  City  of  London  was  so  far 
encouraged  by  Charles  II.  that  a  bill  was  prepared  by  the  Attorney-General 
for  removing  the  obnoxious  trades  to  a  distance.  It  never,  however,  got  farther 
than  this  stage. 

In  the  year  1664  Dr.  Henshaw  proposed  a  plan  for  ventilating  sick-rooms  by 
means  of  a  pair  of  bellows  and  a  copper  pipe.  The  room  was  to  be  made  air-tight, 
and  air  was  to  be  forced  in  or  drawn  out  by  the  bellows  until  the  air  of  the  room 
assumed  the  required  density.  Thus  in  cases  of  intermittent  fevers  the  Doctor 
proposed  to  rarefy  the  air  during  the  cold  fit  and  to  condense  it  during  the  hot  fit.f 

Probably  one  of  the  earliest  attempts  to  ajjply  a  regular  system  of  ventilation 
to  rooms  was  that  of  Sir  Christopher  Wren  at  the  House  of  Commons.  At  each 
corner  of  the  room  he  formed,  in  the  ceiling,  a  large  square  hole,  over  which  he 
placed  a  truncated  pyramid  provided  with  means  of  opening  or  closing.  It  was 
expected  that  the  heated  air  would  ascend  through  these  pyramids  into  the  room 
above.  Without  any  provision  for  assisting  the  up-current,  the  obvious  result  of 
this  arrangement  was  that  when  the  air  of  the  upper  room  was  colder  than  that 
of  the  House  below,  the  air  descended  in  cold  streams  on  the  members'  heads. 
This  defect  Dr.  Desaguliers  was  in  1723  called  in  to  remedy.  The  method  be 
adopted  was  to  build  two  closets,  each  containing  a  fireplace,  and  by  means  of 
pipes  from  each  of  the  pyramids  to  supply  air  from  the  House  itself  to  feed  the 
fireplaces.  The  plan,  however,  had  the  misfortune  to  interfere  with  the  personal 
comfort  of  the  housekeeper,  who  was  disturbed  in  the  occupation  of  her  rooms 
by  the  ventilating  arrangements.  To  defeat  the  operation  she  delayed  lighting 
the  fires  until  the  House  had  met  and  had  become  hot.  By  this  means  the 
heated  air  in  the  closets  descended  into  the  still  hotter  air  of  the  House,  and  so 
made  matters  worse  than  before.  Dr.  Desaguliers  was  again  called  in,  and 
devised  a  "centrifugal  or  blowing  wheel,"  which,  worked  by  manual  labour, 
was  "  able  to  suck  out  the  foul  air  or  throw  in  fresh,  or  to  do  both  at  once, 
according  as  the  Speaker  is  pleased  to  command  it."f 

*  Fumifiigiutn,  p.  49. 

t  Bdrnan  "  On  the  History  and  Art  of  Warming  and  Ventilating  Rooms  and  Buildings,"  184.')., 
t  "Course  of  Nat.  Philosophy." 
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About  this  period  attempts  >yere  made  to  provide  ventilation  to  ships  and  gaols. 

The  first  quarter  of  the  eighteenth  century  is  remarkable  for  the  works  of  an  archi- 
tect of  no  mean  talents,  but  whose  works  have  been  subjected  to  criticism  of  the  most 
adverse  kind.  Sir  John  Vanbrugh  had  in  a  pre-eminent  degree  the  faculty  ot 
skilfully  arranging  large  masses  :  he  also  understood  thoroughly  the  dilhcult 
subject  of  light  and  shadow.  His  compositions  are  grandly  conceived,  and  carried 
out  with  a  vigour  and  boldness  rarely  equalled.  His  principal  work,  Blenheim,  the 
national  monument  of  the  victories  of  Marlborough,  is,  with  all  its  faults,  a  magni- 
ficent palace.  It  is,  as  Gwilt  says,  "a  bold  and  difficult  design,  uniting  m  one 
building  the  beauty  and  magnificence  of  the  Grecian  architecture,  the  picturesque- 
ness  of  the  Gothic,  and  the  masonic  grandeui-  of  the  castle."  * 

James  Gibbs,  the  architect  of  St.  Martin-in-the-Fields,  London,  and  the  Radcliffe 
Library,  Oxford,  was  much  employed,  during  the  earlier  part  of  the  eighteenth  century, 
in  building  both  town  and  country  houses.  In  all,  the  same  rigid  and  meaningless 
symmetry  was  carefully  observed.  He  published,  in  1738,  a  large  folio  volume  of 
designs  for  churches  and  houses,  the  descriptions  appended  to  which  are  meagre 
in  the  extreme. 

Passing  over  several  architects  of  more  or  less  repute,  the  brothers  Adam,  as 
architects  whose  works  are  at  the  present  day  receiving  much  attention,  must  be 
briefly  noticed.  To  the  eye  of  a  classic  purist,  such  as  Gwilt,  the  taste  of  the 
Adams  was  vicious  and  corrupt,  and  their  compositions  depraved.  A  more  eclectic 
age  sees,  however,  in  their  work  genuine  efforts,  often  attended  with  considerable 
success,  to  adapt  the  rules  of  classic  art  to  modern  requirements.  The  river  front 
of  the  Adelphi  Terrace  is  justly  admired  for  its  quiet  and  appropriate  beauty, 
whilst  in  the  interiors,  rich  and  elegant  ornamentation  was  skilfully  applied  to 
walls,  ceilings,  and  chimney-pieces.  A  noticeable  feature  of  the  Adams'  work  was 
the  use  of  carved  wood  and  carton-pierre  in  chimney-pieces.  The  use  of  the  latter 
material  enabled  them  to  put  more  richness  into  the  chinmey-pieces  of  quite  small 
houses  than  would  have  been  the  case  had  they  been  restricted  to  marble.  The 
same  measure  of  success  cannot  certainly  be  conceded  to  their  most  ambitious  effort 
in  the  direction  of  country  mansion  architecture.  Keddlestone  Hall,  in  Derbyshii-e, 
presents  all  the  worst  faults  of  the  period,  and  fully  deserves  the  condemnation 
pronounced  by  Dr.  Johnson,  that  the  "  immense  sum  the  house  had  cost  Avas 
injudiciously  laid  out."  f 

"With  George  Dance  this  brief  description  of  the  progress  of  architecture  in  the 
eighteenth  century  may  fitly  be  concluded.  To  this  architect  is  due  the  design  of 
what  is  still  one  of  the  most  successful  public  buildings  in  London.  In  Newgate 
Prison,  which  has  been  cited  above  as  an  example  of  architecture  devoid  of  ornament, 
Dance,  "  by  simply  setting  his  mind  to  think  of  the  purposes  to  which  his  building 
was  to  be  appropriated,  without  turning  aside  to  think  of  Grecian  temples  or  Gothic 
castles  .  .  .  produced  a  very  pei'fect  building."  J  The  fagade  is  simply  a  great 
windowless  mass,  with  a  very  ordinary  governor's  house  in  the  centre,  flanked  on 
either  side  by  doors,  an  arrangement  which  seems  to  suggest  the  dual  purpose  of  the 
prison  :  for  felons  and  for  debtors. 


*  Encycloptedia.  t  Boswell's  "Johnson,"  1777. 

t  Ferguson's  "History  of  Modern  Architecture,"  1862. 


303 


OUR  HOMES. 


CHAPTEE  XXVIII. 

MODERN  ARCHITECTURE. 
Influence  of  Greek  ^chitecW^^^  Gothic  Eevival-Influence  of  Pugin-  Growth  of  Eclectic  Treat- 
ment-The  Queen  Anne,  or  Free  Classic  Style-Freedom  of  Choice. 

The  early  part  of  the  present  century  was  marked  by  the  gro^rth  and  develop- 
ment of  two  schools  of  architecture,  each  of  which  had  an  important  and  lastiifg 
influence  on  the  art.  The  object  of  the  one  school  was  the  study  and  adaptation  of 
Greek  architecture,  and  of  the  other,  Gothic,  or,  as  it  was  called,  national  archi- 
tecture. 

Untn  the  publication  at  the  end  of  the  last  century  of  the  measured  drawings 
and  views  of  the  remains  of  ancient  art  in  Greece,  by  Stuart  and  Eevett,  little  or 
nothing  was  known  of  classic  architecture  except  as  it  existed  in  the  Roman 
examples.  When,  however,  by  these  and  subsequent  works  the  real  character  of 
the  art  as  it  existed  in  ancient  Greece  became  known,  it  was  seen  how  vastly 
superior  its  details,  proportions,  and  particularly  its  sculpture,  were  to  the  Roman 
models.  Once  introduced,  the  style  became  the  rage ;  no  building  of  any  pretension 
was  considered  complete  without  its  Grecian  portico,  while  more  or  less  accurate 
reproductions  of  Greek  temples  became  the  mode  for  churches  and  chapels.  The 
attempt  to  reproduce  with  cheap  materials,  and  under  totally  dissimilar  conditions, 
the  exquisitely  refined  proportions  and  mouldings  of  buildings  so  little  adapted  for 
modern  English  requirements  as  Greek  temples,  failed  as  it  inevitably  must  have 
failed.  But  the  failure  was  due,  not  to  the  impossibility  of  adapting  Greek  archi- 
tecture to  modern  needs,  but  to  the  fact  that  of  only  one  phase  of  Greek  architec- 
ture sufficient  remains  were  extant  to  serve  as  a  model  for  imitation.  This  phase 
was  the  one  least  likely  to  be  appropriate  to  domestic  architecture :  the  religious. 
Noble  as  are  many  of  the  public  buildings  erected  in  this  style,  as,  for  instance,  St. 
George's  Hall  at  Liverpool,  and  the  older  portion  of  the  University  College  in  Gower 
Street,  it  is  now  generally  conceded  that  the  porticoes  and  colonnades  which,  when 
attached  to  a  Greek  temple,  had  a  definite  and  necessary  object  to  fulfil,  are  in  this 
country  costly  and  useless  luxuries.  The  extreme  of  absurdity  is  reached  when,  as 
at  St.  Pancras  Church  in  Euston  Square,  a  small  copy  of  the  Temple  of  the  Winds 
•was  placed  on  a  larger  one,  and  both  on  a  reproduction  of  the  portico  of  the  Temple 
of  Minerva  Polias,  whilst  the  forms  of  captive  Caryan  women  support  the  cornice 
and  entablature  of  the  vestries. 

Greek  domestic  architecture  may  be  said  to  have  perished.  Records,  however, 
remain  sufficient  to  show  that  it  was,  as  might  be  expected,  of  a  character  quite 
distinct  from  the  religious  type.  That  Greek  forms  may  with  success  be  used 
in  domestic  buildings  is  fairly  proved  by  the  works  of  Messrs.  A.  and  G.  Thomson, 
of  Glasgow,  and  of  the  school  in  France  known  as  the  Neo-Grec.  In  both  cases  an 
intelligent  appreciation  of  the  inherent  beauties  of  Greek  art  has  combined  wth  a 
frank  recognition  of  the  needs  of  modei'ii  habits  to  produce  a  style  at  once  graceful, 
refined,  and  free. 

The  revival  of  Greek  architecture,  though  in  one  sense  resulting  in  failure,  had 
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a  very  important  influence  on  the  development  of  the  art,  not  the  least  of  which 
was  the  rise  of  a  school  of  architects  whose  works  must  always  conunand  admiration 
and  respect.  The  names  of  Barry,  Oockerell,  and  Soane  are  a  few  only  out  of  a 
long  list  of  able  and  learned  professors  of  the  art.  Sir  Charles  Barry  was,  as  Mr. 
Ferguson  remarks,*  almost  the  only  one  of  the  architects  of  the  Revival  who  seems 
to  have  perceived  the  hopelessness  of  the  path  they  were  pursuing.  His  works,  of 
which  Bridgewater  House  is  a  well-known  example,  bear  evidence  of  cai'eful  and 
intelligent  regard  for  convenient  arrangement,  together  with  a  very  high  order  of 
artistic  skill.  The  fact  that  in  spite  of  his  strong  Italian  proclivities  he  produced 
buildings  in  the  Gothic  style  which,  even  in  these  days  of  more  advanced  knowledge 
of  mediaeval  art,  still  hold  their  own,  is  no  slight  testimony  to  the  reality  and  scope 
of  Barry's  genius. 

The  revival  of  mediaeval  or  Gothic  architecture  may  be  said  to  have  been  originated 
in  a  practical  form  by  Horace  Walpole.  It  cannot  be  said,  however,  that  the  art 
was  ever  entirely  lost.  It  has  been  seen  how  gradual  was  the  process  of  establishing 
classic  architecture  in  this  country,  and  how  the  two  periods  overlapped  so  that  it  is 
impossible  to  fix  any  exact  line  of  demarcation  between  them.  Oiuiously  enough, 
at  the  very  time  that  men  were  learning  to  despise  as  rude  and  uncivilised  the 
architecture  of  their  forefathers,  a  spirit  of  inquixy  and  veneration  for  these  A-ery 
monuments  of  antiquity  was  being  cultivated,  and  the  foundation  was  laid  of  the 
school  of  antiquaries  which  has  endured  to  this  day.  In  a  word,  the  continuity  of 
Gothic  architecture  may  be  said  to  have  been  preserved  by  the  labours  of  Dods- 
wortb,  Dugdale,  and  their  successors.  Though  Sir  Christopher  Wren  erected  some 
churches  and  other  buildings  in  which  he  adopted  the  pointed  arch,  he  was  so 
manifestly  devoid  of  sympathy  with  the  style,  and  his  details  are  so  obviously 
classic,  that  his  efforts  in  the  direction  of  mediaeval  architecture  cannot  be  regarded 
as  having  any  permanent  influence  on  the  revival. 

Horace  Walpole,  afterwards  Earl  of  Oxford,  was  a  man  of  whom  it  was  said  by 
a  competent  critic  that  he  was  "  the  most  eccentric,  the  most  artificial,  the  most 
fastidious,  the  most  capricious  of  men.  His  mind  was  a  bundle  of  inconsistent 
whims  and  affectations,  "t  One  of  his  whims  was  a  fancy  for  Gothic  architecture. 
In  the  pursuit  of  this  fancy  he  altered  and  added  to  his  villa  at  Twickenham  until 
he  produced  the  "grotesque  house  with  pie-crust  battlements,"  so  well  known  by  the 
name  of  Strawberry  Hill.  Here  he  surrounded  himself  with  copies  in  plaster  of 
details  of  all  kinds  and  of  all  periods  from  ancient  examples.  To  carry  out  the 
mediaeval  idea,  his  dining-room  was  the  refectory,  and  the  roofs  were  surmounted 
by  crosses.  The  same  spirit  of  indiscriminating  imitation  pervaded  the  whole  house  ; 
his  chimney-pieces  were  copied  from  tombs,  his  gate-posts  from  the  piers  of  Ely 
Cathedral,  while  the  battlements  and  merlons  of  fortified  castles  were  reproduced  in 
this  eighteenth-century  villa  in  wood  and  plaster. 

To  trace  the  progress  of  the  Gothic  revival  from  Walpole's  time  to  the  present 
would  occupy  more  space  than  can  be  here  devoted  to  the  subject,  besides  being 
beyond  the  scope  of  the  present  work.  Passing  over  then  an  interval  of  half 
a  centmy,  durbg  which  reproductions  of  Gothic  architecture  were  characterised  by 
an  ignorance  of  the  detail  only  equalled  by  the  utter  lack  of  appreciation  of  the 
spirit  of  the  art,  the  period  of  the  revival  of  the  true  form,  and,  in  a  great  measure, 
History  of  Modem  Architecture."  f  Macaulay,  "Essays," 
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of  the  true  spirit  of  mediaeval  art  is  reached.  To  the  study  of  the  art  Biittoii,  Le 
Keiix,  the  elder  Pugin,  and  other  writers  and  artists  contributed  valuable  aid.  In 
the  practice,  Augustus  Welby  Pugin  may  be  regarded  as  the  pioneer.  Endowed 
with  rare  gifts,  a  rich  imagination,  and  a  facile  pencil,  his  works  are  still  pre-eminent 
for  the  wonderful  manner  in  which  he  caught  the  spirit  and  sentiment  of  medieval 
art.  With  a  ready  pen  and  a  keen  sense  of  the  humorous  he  satirised  the  modern 
efforts  at  Gothic  architecture,  contrasting  them  with  the  examples  of  ancient  times. 
His  "  Contrasts,"  his  "  True  Principles  of  Gothic  Architecture,"  and  his  "  Apology 
for  the  Eevival  of  Christian  Architecture  in  England,"  are  evidences  not.  only  of 
his  artistic  skill,  but  of  the  real  grasp  he  had  of  the  subject.  His  remarks  in  the 
"  True  Principles  "  on  architectural  propriety  are  particularly  apt  and  to  the  point. 
Speaking  of  Italian  villas,  he  says,  "  Is  there  any  similarity  between  our  climate 
and  that  of  Italy  1  Not  the  least.  Now  I  will  maintain  and  prove  that  climate 
has  always  had  a  large  share  in  the  formation  of  domestic  architecture,  and  the 
Italian  is  a  good  illustration  of  the  truth  of  this  remark.  The  apertures  are  small ; 
long  colonnades  for  shade,  and  the  whole  building  c;\lculated  for  retreat  and 
protection  from  heat ;  the  roofs  are  flat  in  pitch,  from  the  absence  of  heavy 
snow,  and  plan  and  outline  are  both  suited  to  the  climate  to  which  the  architecture 
belongs.  But  we  demand  in  England  the  very  reverse  of  all  this  for  health  and 
comfort.  We  cannot  fortunately  import  the  climate  of  a^  country' with  its  archi- 
tecture, or  else  we  should  have  the  strangest  possible  combination  of  temperature 
and  weather ;  and  within  the  narrow  compass  of  the  Regent's  Park,  the  burning 
heat  of  Hindostan,  the  freezing  temperature  of  a  Swiss  mountain,  the  intolerable 
warmth  of  an  Italian  summer,  with  occasional  spots  of  our  native  temperature." 

The  work  that  Pugin  began  and  carried  on  -with  the  enthusiasm  engendered  by 
religious  zeal  as  well  as  artistic  conviction  has  been  continued  and  developed  by  a 
school  of  architects  whose  works  may  be  seen  through  the  length  and  breadth 
of  the  land.  Natui-ally  the  revival  of  Gothic  was  intimately  connected  with 
ecclesiastical  buildings  and  restorations.  And  inasmuch  as  the  details  of  the  style, 
being  of  an  entirely  different  nature  from  those  of  a  classic  form,  which  had  been 
prevalent  for  so  long  a  period,  required  for  their  execution  specially-trained  workmen, 
the  cost  of  building  was  necessarily  much  enhanced.  This  circumstance,  coupled 
with  the  "inevitable  connection  in  men's  minds  between  Gothic  architecture  and 
ecclesiastical  buildings,  prevented  the  style  from  becoming,  as  its  advocates  hoped 
it  would  become,  the  vernacular  style  of  the  country. 

The  later  developments  of  the  Gothic  revival  are  marked  by  an  eclecticism  and  a 
freedom  that  has  had  the  effect  of  preserving  and  greatly  enlarging  its  scope. 
Restricted,  as  the  earlier  advocates  of  the  style  would  have  had  it,  to  one  type  or 
period— the  thirteenth  century — and  to  one  country  only— England— the  revival 
would  probably  have  died  out  years  ago.  It  was,  however,  recognised  not  only  that 
England  possesses  several  periods  of  Gothic  architecture,  but  that  for  many  purposes 
the  fifteenth  and  sixteenth  century  Avork  is  infinitely  better  adapted  for  modern 
houses  than  that  of  earlier  periods.  The  existence  of  valuable  and  numerous 
remains  of  mediseval  art  in  France,  Germany,  and  the  Low  Countries  was  also 
recognised,  and  ideas  and  details  were  largely  drawn  from  these  ample  sources. 
Another  fact  was  recognised  which  had  been  too  frequently  and  deliberately 
ignored  by  the  earlier  revivalists.     This  was,  that  whatever  style  is  adopted, 
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a  first  and  paramount  necessity  is  to  adapt  that  style  to  the  best-known  rules  of 
health  and  convenience  of  the  present,  and  not  to  reproduce  the  imperfect  and 
insanitary  ari-angcments  of  the  past  ages  as  necessary  accompaniments  of  the  style. 

This  eclecticism  has  led  by  gradual  steps  to  what  is,  in  a  certain  sense,  a  revival, 
but  is  also  a  development,  of  the  brick  architecture  of  the  latter  part  of  the  seventeenth 
and  the  earlier  part  of  the  eighteenth  centuries.  This  phase  of  architecture,  commonly 
known  as  "  Queen  Anne,"  whilst  its  details  are  classic  in  form,  is  nearly  allied  in  its 
homely  picturesqueness  to  Gothic.  It  is,  in  fact,  an  attempt  to  make  the  best  of 
homely  and  inexpensive  materials,  and  to  develop  a  style  which  adapts  itself  freely  to 
modern  notions  of  comfort  and  convenience.  That  it  is  eminently  suitable  to  the  ■ 
requu-ements  of  the  class  of  house  which  of  all  others  is  most  in  need  of  improve- 
ment, both  in  arrangement  and  architectural  character — the  small  villa — seems 
clearly  established  by  the  fact  that  even  speculating  builders  are  smitten  with  the 
Queen  Anne  mania,  and  are  producing  to  the  best  of  their  abilities  houses  designed 
in  tliat  manner.  The  characteristic  features  of  the  buildings  of  this  class  may  be 
said  to  consist  of  red  brick,  used  either  as  dressings  or  for  the  entire  wall  surfaces ; 
rectangular  window-openings  with  sliding  sashes  and  a  liberal  use  of  white  wood- 
work ;  add  to  these,  cornices  and  string  courses  of  moulded  brickwork  and  a  perfect 
freedom  of  choice  as  to  the  roof  covering  and  pitch,  and  a  style  is  obtained  which, 
whether  it  be  reduced  to  its  plainest  possible  conditions  or  elaborated  to  the  greatest 
conceivable  extent,  is  yet  undeniably  architectiu-e. 

The  question  then  arises — Which  of  all  these  various  styles  and  phases  of 
architecture  is  the  one  most  suited  to  the  requii-ements  of  modern  house-building  1 
And  with  this  question  comes  another — Is  it  necessary  or  desirable  that  one  unifoi-m 
style  of  architecture  should  -prevail  to  the  exclusion  of  all  others  1  Leaving  for  a 
moment  the  purely  aesthetic  aspect  of  the  second  question  out  of  consideration,  it 
\vill  be  well  to  see  how  far  the  general  adoption  of  one  style  would  affect  the 
economical  part  of  the  subject.  In  the  one  item  of  joiners'  work,  for  instance,  upon 
the  proper  construction  of  which  so  much  of  the  comfoi-t  of  a  house  depends,  it  is 
manifest  that  the  cost  of  production  will  be  materially  lessened  if,  by  the  use 
of  mouldings  and  other  accessories  of  one  imiform  character,  machinery  be  made 
generally  available.  Further,  it  follows  that,  in  order  to  produce  work  at  the 
cheapest  possible  rate,  workmen  must  be  trained  and  accustomed  to  work  chiefly,  if 
not  wholly,  of  one  school.  In  the  earlier  days  of  the  Gothic  revival,  a  circumstance 
which  operated  very  materially  against  the  successfid  adoption  of  the  style  was  the 
difficulty  which  was  experienced  in  getting  workmen  to  carry  out  the  details  of  the, 
to  them,  new  art.  In  the  simple  matter  of  a  door,  the  carpenter  found  that  a 
Gothic  door  was  an  altogether  different  thing  from  the  kind  of  door  he  had  always 
been  accustomed  to.  The  framing  was  different,  the  joints  were  different,  and  the 
mouldmgs  were  different;  and  this  difference  of  'construction  pervaded  all  branches 
of  the  art.  From  joiners'  work  to  glass-painting,  from  metal-work  to  paper- 
hangmgs,  a  new  school  of  workmen  and  designers  had  to  be  trained.  It  is  clear 
that  such  a  revolution  as  this  must  at  any  rate  be  costly  in  its  inception.  It  is  aJso 
equally  clear  that  if  the  use  of  existing  appliances  for  economising  labour,  of  which 
machmery  may  be  taken  as  an  important  example,  can  be  adapted  to  a  style  in  other 
respects  suitable,  that  style  cannot  on  economical  grounds  alone  be  rejected  as  unfit 
lor  Its  purpose. 
24 
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The  aasthetic  phase  of  the  question  is  one  which  admits  of  being  approached 
from  more  than  one  point  of  view,  and  of  which  it  is  scarcely  possible  to  affirm  that 
any  one  particular  doctrine  is  right  to  the  exclusion  of  the  others.  It  is  certainly 
difficult  to  see  how  the  necessity  or  desirability  of  the  adoption  of  a  uniform  style 
can  be  based  on  historic  grounds.  Although  in  all  times  and  in  all  countries  some 
one  style  or  phase  of  architecture  prevailed  for  a  period  of  greater  or  less  length, 
it  will  always  be  found  that  the  causes  which  led  to  the  adoption  of  this  particular 
style  were  directly  connected  with  the  social,  moral,  and  intellectual  conditions  of 
the  people.  And  unless  a  perfectly  new  style,  which  shall  be  the  artistic  expression 
of  the  thoughts  and  ideas  of  this  nineteenth  century,  be  invented,  the  analogy  from 
history  fails.  The  probability  of  the  development  of  any  such  style  seems  at  the 
present  time  remote  enough — so  remote,  indeed,  that  it  cannot  be  said  to  have  even 
begun.  For  the  present  purpose,  therefore,  it  must  be  sufficient  to  have  regard  only 
to  styles  which  have  an  actual  existence  in  fact. 

Leaving  out  of  consideration  such  obvious  incongruities  as  Chinese  pagodas, 
Hindoo  temples,  and  Swiss  chalets,  forms  which,  applied  to  domestic  buildiags  in 
England,  are  at  once  inconvenient  and  absui-d,  there  remain  two  broad  divisions — 
classic  and  Gothic — Ln  one  or  other  of  which  each  of  the  various  styles  of  art  is 
comprised. 

The  classic  division  may  be  subdivided  into  Greek,  Italian,  and  what  is  known 
as  Queen  Anne,  or  Free  Classic. 

Of  Greek,  it  may  be  said  that,  as  a  style  for  general  adoption,  it  is  unsuitable  on 
account  both  of  its  costliness  and  of  difficulties  in  the  matter  of  lighting  and 
arrangement  apparently  inseparable  from  the  style.  The  exceptions  mentioned  above, 
however,  go  far  to  prove  that  in  able  hands  a  free  and  intelligent  version  of  Greek 
art  may  be  made  to  conform  perfectly  to  modern  requirements.  But  these  very 
exceptions  only  show  more  clearly  that  the  successful  application  of  the  style 
demands  more  care  and  thought  in  design  than  the  majority  of  modern  dwellings  are 
likely  to  obtain. 

Italian  architecture  will  probably  for  a  long  time  to  come  be  a  favourite  style 
with  a  great  number  of  people.  There  are,  indeed,  many  things  to  recommend  it. 
Not  only  is  it  compatible  with  English  notions  of  comfort  and  convenience,  but  it 
admits  of  the  most  ample  amount  and  the  freest  distribution  of  light  and  air.  It 
is  as  capable  of  being  adapted  to  irregular  or  awkward  conditions  of  site  as  Gothic, 
whilst  it  possesses  a  dignity  of  appearance  which  is  lacking  to  some  phases  of  the 
latter.  For  its  successful  application,  it  requires,  however,  the  use  of  somewhat 
costly  materials.  Of  these,  undoubtedly  stone  is  the  most  necessary.  Translate 
such  a  house  as  Dorchester  House  or  Bridgewater  House  into  brick  and  stucco  and 
the  truth  of  this  is  obvious  at  once.  What  is  true  of  the  exterior  is  true  also  of 
the  interior.  The  inlaid  pavements,  the  marble  staircases,  the  elaborately-decorated 
ceilings  and  walls,  and  other  features  of  more  or  less  costly  nature  are  all  necessary 
parts  of  the  style.  Brought  down  to  the  level  of  a  stuccoed  suburban  villa  it 
becomes  poor  and  mean  and  cold.  In  place  of  the  varied  tints  of  the  stone  we  get 
the  dull  uniform  grey  of  Portland  cement ;  in  place  of  the  rich  and  varied  decora- 
tions of  the  interior  we  have  cold  white  or  grey  marble  chimney-pieces  and  blank 
expanses  of  whitewashed  ceilings. 

The  style  known  as  Queen  Anne  or  Free  Classic  stands  midway  betAveen 
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classic  and  Gothic  art.  While  on  the  one  hand  its  details  and  ornaments  are 
borrowed  or  adapted  from  the  former,  its  absolute  freedom  of  aiTangement, 
and  its  consistency  with  the  use  of  the  cheapest  materials,  are  qualities  derived 
fi-om  the  latter.  The  use  of  the  sash  window,  so  dear  to  the  English  mind, 
is  one  of  the  most  conspicuous  as  well  as  most  valuable  characteristics  of 
the  style.  It  seems,  however,  to  be  deemed  necessary  to  the  successful  carrying 
out  of  the  style  that  the  heavy  bars  and  small  panes  prevalent  at  the  beginning 
of  the  last  century  should  be  reproduced  in  this.  From  a  purely  aesthetic  point  of 
view  there  is  much  to  be  said  in  favour  of  these  features.  The  white  sash- 
frame  'and  thick  moulded  sash-bars  take  the  place  of  the  stonework  of  a 
Gothic  window,  and  lend  an  interest  which  would  otherwise  be  wanting.  From 
a  sanitary  point  of  view,  however,  these  small  panes  and  thick  bars  must  be 
unhesitatingly  condemned.  There  is  never  in  this  climate  an  excess  of  light , 
fi-equently  the  reverse.  It  is  then  obviously  unwise  to  place  unnecessary  obstacles 
in  the  way  of  access  of  light.  If  houses  were  constructed  with  the  sides  of  the 
rooms  entu'ely  windows,  the  introduction  of  sash-bars  of  tolerable  thickness 
would  be  justifiable.  As,  however,  constructional  and  other  reasons  forbid 
such  an  arrangement,  and  as  moreover  large  sheets  of  glass  are  obtainable  at 
moderate  cost,  it  follows  that  the  area  of  light-giving  surface  should  be  as 
free  and  unimpeded  as  possible. 

Coming  now  to  the  second  of  the  two  groups  into  which  the  various  styles 
were  divided ;  the  term  Gothic  may  be  taken  to  include  besides  the  pointed 
styles  (Early  English,  Decorated,  Perpendicular,  and  Tudor),  Elizabethan  and 
Jacobean.  Much  has  been  written,  and  many  houses  have  been  designed  to 
prove  that  Early  English  is  a  style  specially  suited  to  the  needs  of  modern  domestic 
architecture.  Twenty  years  ago  or  thereabouts,  there  was  a  general  concensus 
of  opinion  among  the  leaders  of  the  Gothic  revival,  that  the  period  at  which 
church  architecture  in  this  country  attained  its  highest  pitch  of  perfection  was 
the  latter  part  of  the  thirteenth  century.  If,  it  was  argued,  this  is  the  peiiod 
most  suitable  for  our  churches,  it  follows  that  it  is  also  the  one  most  suitable 
for  our  domestic  buildings.  For,  it  must  be  remembered,  the  revival  of  Gothic 
architecture  was,  for  a  long  time,  confined  almost  exclusively  to  ecclesiastical 
buildingsj  the  contention,  therefore,  of  those  who  wished  to  overcome  the 
popular  prejudices  against  a  style,  associated  in  many  minds  with  certain  phases 
of  religious  thought,  was,  that  a  style  to  be  good  for  anything  must  be  equally 
applicable  to  ecclesiastical  and  secular  pm-poses. 

Following  up  this  line  of  argument  the  conclusion  naturally  arrived  at  was  that 
thirteenth  century  Gothic  was  the  period  of  architecture  which  should  be  reproduced 
in  domestic  and  secular  buildings.  Admitting,  for  the  sake  of  argument,  all  that 
can  be  said  in  favour  of  the  perfection  arrived  at  by  Gothic  builders  in  the 
thirteenth  century ;  admitting  also  the  advantages  of  reviving  the  art  of  that  period 
for  ecclesiastical  purposes  in  the  present  day,  it  by  no  means  follows  that  its 
application  to  domestic  purposes  is  equally  advantageous.  In  the  first  place,  it 
will  probably  be  conceded  that  if  the  Christian  church  possesses  one  element  of 
undisputed  nature,  it  is  that  the  lines  upon  which  she  is  built  were  laid  down  and 
her  fabric  perfected  eighteen  centuries  ago.  She  is  not,  Hke  society,  a  changin^^  and 
improving  body  for  the  simple  reason  that,  fixed  and  governed  by  immutable  laws 
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change  and  improvement  are  equaUy  impossible  to  her.  Architecture  as  applied  to 
dwellings  is,  on  the  other  hand,  as  has  been  pointed  out,  constantly  subject  to 
change  with  the  changing  habits,  and  to  improve  with  the  increasing  scientific 
knowledge  of  a  people.  If,  then,  it  is  necessary  to  go  back  to  medieval  times  to 
find  architecture  suited  to  modern  requirements,  it  seems  a  reasonable  stipulation  to 
make,  that  the  period  selected  shall,  at  least,  be  that  nearest  in  point  of  civilisation 
and  domestic  refinement  to  the  present.  These  conditions  are  best  fulfilled  by  the 
later  phases  of  Gothic,  the  Tudor  and  Elizabethan  periods,  both  of  which  are  capable 
of  most  successful  adaptation  to  modern  needs. 

Whatever  style  or  phase  of  architecture  be  chosen,  whether  classic,  Gothic,  or 
a  blending  of  both,  its  forms,  proportions,  and  details  must  all  be  unsparingly 
submitted  to  the  test  of  fitness  and  conformity  to  the  laws  of  sanitary  science. 
While  uniting  all  that  is  best  in  the  past,  it  must  freely  adapt  and  incorporate 
all  that  is  valuable  in  the  inventions  and  discoveries  of  the  present.  New 
materials,  new  inventions,  or  new  methods  of  applying  existing  materials  or 
inventions,  must,  so  far  as  they  are  in  accordance  with  sound  principles  of 
construction  and  design,  be  freely  accepted  and  used.  The  architecture  of  the 
future  must  be  eclectic,  if  it  is  anything.    We  must  not  refuse  to 

"  Pick  out  treasure  from  an  earthen  pot." 

Nor  must  we  neglect  to  profit  by  the  lessons  which  come  to  us  enshrined  in  matei-ials 
of  more  costly  character. 


INTEENAL  DECOEATION. 

.  By  Egbert  W.  Edis,  F.S.A. 


CHAPTER  XXIX. 

MORAL  AND  SOCIAL  INFLUENCE  OF  TRUE  DECORATIVE  ART. 

Inferior  Character  of  Modern  Building — Its  Influence  upon  Decoration— Evil  Effects  upon  the  Poor 
especially— Moral  and  Physical  Effects  of  Unartistic  and  Unhealthy  Surroundings — The  Tendency 
to  Extremes — The  ^Esthetic  Craze. 

In  the  present  striving  after  the  proper  application  of  sanitary  science  to  the 
improvements  of  our  buildings,  public  and  private,  and  in  the  adoption  of  the 
best-known  appliances  for  the  prevention  of  impure  smells  and  other  evils, 
•with  which,  either  from  ignorance  or  carelessness,  we  have  been  content  to  put  up 
for  long  years,  there  is  clearly  shown  a  desii-e  on  the  part  of  the  public  generally 
to  set  their  houses  more  in  order,  and  not  to  leave  to  chance  or  to  the  speculative 
builder  all  those  questions  of  the  healthy  treatment  of  the  homes  we  live  in,  which 
are  especially  requisite  for  their  proper  sanitary  state,  and  which  may  fairly  be 
supposed  to  enter  largely  into  the  proper  healthy  condition  of  our  minds  and 
bodies. 

As  sanitation  in  decoration  must  largely  depend  upon  the  character  of  our 
buUdings,  and  the  simple,  healthy  treatment  of  the  fittings  of  our  rooms  be 
necessarily  influenced  by  the  general  soundness  and  fairly  good  artistic  design  of 
the  houses  themselves,  it  would  be  well  if  the  local  authorities  of  our  cities  and 
towns  would  insist  upon  all  new  buildings  being  carried  out  with  good  and  proper 
materials  at  least,  if  they  cannot  insist  on  any  higher  character  of  design  than  is 
apparent  in  so  many  of  our  new  streets  and  suburban  villas  and  cottages. 

So  far  as  I  can  see,  although  the  powers  given  under  the  Revised  Building  Act 
may  prevent  to  a  certain  extent  a  portion  of  this  grossly  inferior  character  of  work 
being  carried  out,  they  do  not  prevent  altogether  the  erection  of  houses  of  the 
most  mferior  kind;  for  although,  nominally,  certain  requirements  are  made  by 
District  Boards  as  to  drainage  and  other  sanitary  arrangements,  these  are  too  often 
over-ridden  by  the  cunning  and  rascality  of  the  low-class  speculative  builder. 

The  Building  Act  is  practically  useless  for  any  sanitary  purpose.  It  leaves  all 
questions  of  drainage,  proper  arrangement  of  sinks,  cisterns,  and  traps,  ventilation 
of  rooms  and  drains,  literally  unrestricted  in  any  way  :  it  takes  no  note  of  inside 
construction  as  regards  character  and  soundness  of  timber  and  joiner's  work,  or 
of  the  proper  making  up  of  plaster  for  inside  work,  nor  does  it  interfere  with  iny 
matter  of  heating  or  general  healthy  warming  of  the  various  rooms ;  and  in  fact 
leaves  to  the  speculative  builder  full  power  to  carry  out  the  worst  and  most 
unhealthy  class  of  building,  quite  regardless  of  all  matters  of  sanitation,  warmin- 
or  ventilation.    The  ground  landlord  for  the  most  part  is  only  anxious  to  have  his 
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ground  covered,  and  cares  little  or  nothing  as  to  the  class  of  buildings  erected,  so 
long  as  his  ground  rents  are  secured.  I  could  point  out  many  districts  in  and 
about  London  in  which  six  or  seven  hundred  houses  have  been  run  up  without 
any  professional  supervision,  and  all  regardless  of  the  first  principles  of  the  laws  of 
health. 

The  district  surveyor  is,  as  a  rule,  powerless  to  prevent  this  class  of  building 
being  carried  out,  and,  with  every  anxiety  to  faithfully  discharge  the  duties  of 
his  position,  is  obliged  in  a  great  measure  to  submit  to  the  utter  inferiority  of 
workmanship  and  materials,  so  long  as  the  mere  clauses  of  the  Building  Act  are 
complied  with,  the  walls  built  of  the  requisite  thickness,  and  other  minutise  attended 
to.  It  is  impossible  to  condemn  in  too  strong  language  all  this  class  of  work, 
which  is  annually  increasing  in  the  suburbs  of  our  great  cities  and  towns,  to  meet 
the  increasing  requirements  of  that  class  of  tenants  who  are  gradually  being 
ousted  from  more  valuable  quarters,  to  make  room  for  new  streets  and  other 
improvements.  How  can  it  be  possible  to  attempt  to  improve  such  buildings  by 
any  sound  and  healthy  system  of  decoration  1  They  would  be  but  whited  sepulchres, 
and  no  amount  of  care  or  thought  could  prevent  their  gradual  decay  and  ruin; 
and  until  some  better  and  more  complete  system  of  sanitary  inspection  shall  be 
provided  for,  all  such  buildings  must  necessarily  add  to  the  unhealthiness  of  our 
large  towns,  and  tend  to  the  moral  degradation  of  those  who  live  in  them,  and 
whose  misfortune,  rather  than  fault,  it  is  to  be  obliged  to  put  up  with  such  homes 
and  habitations.  In  the  fashionable  suburbs  of  London  and  other  large  towns, 
innumerable  houses  are  daily  being  put  up,  in  which  the  work  is  of  the  commonest 
description  :  the  plaster-work  mixed  with  road-scrapings,  which  it  is  manifest 
must  contain  sickening  impurities  of  the  most  unhealthy  description ;  the  woodwork 
of  the  trashiest  and  most  flimsy  character,  unseasoned  and  utterly  unfit  for  its 
purpose,  so  that  in  a  year  or  two  the  joints  are  all  shrunk,  leaving  places  for  the 
lodgment  of  dirt  and  dust;  the  paint,  and  oil  with  which  it  is  mixed,  of  the  cheapest 
and  nastiest  kind;  the  size  used  in  the  distempering  of  the  walls  and  ceilings 
decomposed  and  stinking ;  the  plumbing- work  of  the  cheapest  possible  character,  so 
that  in  a  few  years  it  requires  entirely  renewing ;  the  space  between  the  floors  left 
full  of  wood-shavings  and  other  matter  which  naturally  become  damp,  decompose, 
and  cause  unhealthy  smells  throughout  the  house,  which  it  is  impossible  to  get  rid 
of  J  the  drains  ruiming  as  a  rule  from  back  to  front  through  the  whole  basement 
storey,  laid  in  on  made-up  ground  with  imperfect  joints,  so  that  the  earth  in  a 
short  time  becomes  saturated  with  filth;  old  materials  glossed  over  with  paint  or 
whitewash,  and  everything  about  them  cheap  and  nasty,  so  that  the  unfortunate 
tenant  who  has  taken  one  of  them  on  lease  finds  his  or  her  rent  doubled  by  the 
expense  of  constant  repairs,  or  by  making  good  faulty  and  defective  work. 

It  is  not  to  be  wondered  at  that  in  such  houses  there  is  constant  sickness, 
and  a  general  sense  of  depression  fatal  to  any  sound  state  of  bodily  or  mental 
health. 

It  has  become  a  fashion  amongst  a  certain  class  of  critics  to  decry  the  present 
style  or  fashion  of  architecture  ;  to  tear  it  to  pieces  in  ciu-ious  jargon  ajid  mixture  of 
wordy  terms,  to  call  it  senseless,  frivolous,  and  unmeaning,  a  bastard  mongrel 
founded  on  nothing,  having  no  proper  paternity,  and  to  bedeck  and  bedizen  it  witb 
all  kinds  of  senseless  and  ignorant  terms.    Any  way,  it  is  more  honest  and  better 
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in  every  sense,  constructive  and  artistic,  than  the  pretentious  shams  and  plaster 
imitations  of  Greek  or  Roman  temples  or  Pompeian  villas,  or  dressed-up 
anachronisms  of  Gothic,  whether  copied  from  the  terra  cotta  work  of  Northern 
Italy,  the  thirteenth  and  fourteenth  century  erections  of  France  and  England, 
or  the  Renaissance  types  of  the  valley  of  the  Loire.  There  is  more  homeliness  and 
picturesqueness  in  the  modern  work  than  in  half  the  erections  of  the  past  century 
copied  fi-om  foreign  examples,  having  no  elements  of  English  home  life  or  feeling ; 
and  if  there.be  no  very  high  artistic  element  in  a  broken  gable  or  in  red  brick 
fronts,  they  are,  any  way,  better  and  more  picturesque  than  sham  pediments, 
useless  balustrades,  or  stuck-on  pilasters  and  unmeaning  and  unnecessary  Gothic 
tracery  and  Italian  trusses. 

In  the  homes  of  the  poorer  classes  the  character  of  the  work  and  workmanship  is 
often  of  the  most  inferior  kind  :  cheap,  nasty,  and  absolutely  unhealthy.  All  this 
wretched  system  of  building  which  I  have  described,  and  for  which  we  architects  are 
in  no  way  responsible,  exercises  an  important  influence  for  evil  on  those  who  are  con- 
demned to  live  in  such  houses,  and,  to  my  mind,  fosters  a  carelessness  and 
vmtidiness  which  affect  materially  the  mental  if  not  the  bodily  health  of  the 
occupiers.  How  is  it  possible  to  be  cleanly  or  tidy  in  a  house  in  which  the  walls 
are  breaking  out  into  patches  of  damp,  the  woodwork  of  floors  or  doors  opening 
out  into  yawning  cracks,  resting-places  for  dirt  and  dust,  which  no  amoimt  of 
cleaning  can  get  rid  oil  How  can  floors  be  kept  clean  wherein  the  joists  and  crevices 
are  filled  with  decomposing  filth  ?  or  how  can  walls  be  cleansed  or  dusted  which 
are  covered  in  places  with  mould,  or  blisters  from  faulty  and  bad  materials  1  The 
most  tidy  housewife  might  well  tire  of  attempting  to  put  her  house  in  order, 
when  all  these  evils  of  bad  workmanship  and  bad  materials  are  meeting  her  at 
every  turn ;  and  thus  she  is  often  disheartened,  and  the  moral  tone  of  healthiness 
engendered  by  the  desire  to  set  things  right  in  her  house,  and  to  make  all  things  about 
her  clean  and  tidy,  is  lost,  by  the  feeling  that  no  amount  of  care  on  her  part  can  make 
clean  or  tidy  the  miserable  materials  on  which  she  has  to  work.  The  spirit 
of  tidiness  in  the  house,  once  done  away  with,  leads  to  untidiness  in  other  things ; 
makes  a  house  di-eary,  wretched,  and  unclean,  no  longer  the  pleasant,  cheerful 
home,  but  a  miserable  and  dirty  abode  in  \yhich  want  of  cleanliness  leads  in  a 
short  space  of  time  to  want  of  health. 

I  have  written  thus  strongly  upon  the  moral  effect  of  bad  building  in  the 
homes  of  the  poorer  classes  of  the  community,  because  I  feel  that  it  is  absurd 
and  inconsistent  to  urge  any  better  system  of  design  or  decoration  which  shall 
not  be  useful  to  them  as  well  as  to  ourselves,  and  that  it  is  hopeless  to  suppose 
that  we  can  surround  ourselves  with  beautiful  art  work  if  we  leave  the 
workers  out  in  the  cold,  and  think  not  as  much  for  the  improvement 
of  their  dwellings  as  our  own.  If  everything  about  our  cottage  dwellings  is 
miserable  and  squalid,  hideous  and  imartistic,  how  can  we  expect  that  those  who 
must  find  the  hearts  and  the  hands  to  cany  on  our  own  work  well  and  properly, 
can  be  attuned  to  truth  and  beauty  in  form  or  decoration,  when  their  own  sur- 
roundings are  hideous  and  unartistic  ?  If  we  are  to  expect  any  real  art  knowledge 
m  our  workmen,  we  must  surround  them  with  things  of  beauty.  All  the  teaching 
in  the  world  in  schools  of  art  will  not  produce  a  race  of  art  workme^^  if  the 
lessons  are  not  exemplified,  in  however  humble  a  degree,  in  their  own  home  life. 
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If  the  work  and  design  which  they  have  about  them  are  tasteless  and  u-lv 
These  views  may  perhaps  sound  far-fetched  and  Utopian  to  many  of  my  readers 
but  I  am  quite  certain  that  they  wiU  appeal  to  the  common  sense  and  better  feeling 
of  a  large  class.     If  we  provide  pleasant-looking  homes,  comfortable  in  thei? 
arrangement,  and  truthful  and  sound  in  their  construction,  for  our  poorer  friends 
we  may  suggest  easily  pleasant  and  inexpensive  ways  of  rendering  them  more 
ai-tistic  and  decorative,  by  the  use  of  distemper  colour  or  of  the  innumerable  -ood 
coloured  illustrations  now  to  be  found  in  almost  every  cheap  magazine  or  illustrated 
paper,  for  pasting  on  the  walls;    thus  imparting  into  the  humblest  cotta-e 
some  element  of  artistic  taste  which  may  influence  the  dwellers  therein  to  a  mot-e 
careful  regard  for  their  homes,  and  a  greater  spirit  of  cleanliness  and  tidiness,  which 
tend  m  so  large  a  degree  to  the  healthiness  and  comfort  of  the  dwelUng. 

It  is  well  to  remember  that  a  large  proportion  of  our  own  servants  come 
from  these  very  homes;  that  the  influence  of  their  early  home  life  will 
materially  tend  to  our  own  comfort ;  and  that  the  lessons  learnt  in  their  own 
homes  will  bear  good  or  bad  fruit  when  they  enter  into  service.  The  influence  of  early 
associations  will  make  all  the  diflerence  in  bad  or  good  servants,  and  we  may 
be  quite  sure  that  those  who  have  been  brought  up  in  pleasant  and  cheerful 
homes  and  surrounded  with  things  pretty  and  artistic,  in  no  matter  how  small 
a  degree,  will  be  better  and  more  satisfactory  as  helps  in  our  houses  than  those  who 
have  lived  their  young  life  amidst  surroundings  miserable,  squalid,  and  unartistic. 
They  will  appreciate  imperceptibly  good  art  and  good  decoration  in  our  own  rooms, 
and  will  take  care  to  be  cleanly  and  tidy  in  looking  after  them  without  being  con- 
stantly overlooked,  and  will  add  materially  to  the  comfort  and  enjoyment  of 
ourselves. 

In  the  "  Recreations  of  a  Country  Parson  "  there  is  an  excellent  chapter  on  the 
"  Moral  Influences  of  the  Dwelling,"  and  I  find  therein  a  quotation  from  Dr. 
Southwood  Smith  which  seems  to  me  worth  repeating  here  as  exemplifying  all 
that  I  have  said  on  cottage  homes : — "  A  clean,  fresh,  and  well-ordered  house 
exercises  over  its  inmates  a  moral,  no  less  than  a  physical  influence,  and  has  a 
direct  tendency  to  make  the  members  of  the  family  sober,  peaceable,  and  considerate 
of  the  feelings  and  happiness  of  each  other ;  nor  is  it  difficult  to  have  a  con- 
nection between  habitual  feelings  of  this  sort  and  the  formation  of  habits  of  respect 
for  property,  for  the  laws  in  general,  and  even  for  those  higher  duties  and 
obligations  the  observance  of  which  no  laws  can  enforce.  Whereas,  a  filthy, 
squalid,  unwholesome  dwelling,  in  which  none  of  the  decencies  common  to  society — 
even  in  the  lowest  stage  of  civilisation — are  or  can  be  observed,  tends  to  make 
eveiy  dweller  in  such  a  house  regardless  of  the  feelings  and  happiness  of  each 
other,  selfish,  and  sensual.  And  the  connection  is  obvious  between  the  constant 
indulgence  of  appetites  and  passions  of  this  class,  and  the  formation  of  habits  of 
idleness,  dishonesty,  debauchery,  and  violence."  Not  only  in  the  cottages  of  the 
humbler  classes,  but  in  the  better-class  houses  of  the  upper  middle  classes  there 
is  an  absence,  as  a  rule,  of  any  true  system  of  sanitation,  either  in  the  fittings 
or  general  furniture  of  the  house.  It  may  be  that  some  attempt  lias  been  made 
to  rectify  defective  drainage  and  to  put  the  house  to  a  certiiiti  extent  in  order, 
but  in  many  cases  this  is  done  without  thought  or  care,  and  the  result  is,  as 
may  be  imagined,  unsatisfactory. 
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In  all  matters  of  the  mere  decorative  treatment  of  our  rooms,  there  has  been 
evinced  an  ahnost  equal  amount  of  carelessness  as  of  ignorance,  and  until  quite 
recently  we  have  been  content  to  paper,  paiiit,  and  whitewash  our  buildings  without 
any  rec^ard  to  their  healthy  and  proper  decorative  treatment.  The  sanitation  ot 
the  house  has  been  thought  to  consist  merely  in  the  proper  arrangement  and 
ventilation  of  the  drains,  and  the  ventilation  of  the  rooms  in  some  form  or  other ; 
but  the  first  elements  of  fitness  and  simplicity  of  treatment,  harmony  of  colouring 
and  suitability  and  common  sense  in  the  covering  of  our  floors,  the  decoration  of 
our  walls,  and  the  furnishing  of  our  rooms,  would  seem  to  have  been  utterly 
neglected;  so  that  it  would,  a  few  years  back,  have  been  deemed  absurd  to 
dis°cuss  any  question  of  waU  painting  or  papering,  or  any  aiTangement  of  floor- 
covering  or  general  treatment  of  the  furniture  and  fittings  of  a  house,  from  any 
mere  sanitary  point  of  view. 

For  many  years  we  have  been  content  to  cover  the  whole  floor-surface  of  the 
rooms  with  carpets,  under  which  dirt  and  filth  naturally  accumulated,  to  exclude 
light  and  air  by  heavy  flufiy  curtains,  to  form  resting-places  for  blacks  and 
dust  by  the  use  of  internal  Venetian  blinds,  and  to  fill  our  rooms  with 
lumbering  old-fashioned  furniture,  with  flat  or  sunken  tops,  which  formed 
dirt  and  dust  traps,  rarely  cleaned  out.  We  have  covered  our  walls  with  papers 
absolutely  deleterious  to  bodily  health,  and  have  had  but  little  regard  to 
the  mental  effect  of  jarring  colours  and  patterns,  or  the  nervous  irritability  which 
almost  unknowingly  is  excited  by  the  use  of  badly-designed  furniture,  incongruous 
and  staring  decoration,  and  vulgar  anachronisms  in  household  taste,  all  of  which, 
I  believe,  exercise  to  an  important  degree  an  influence  equally  damaging  to  our 
mental  as  bad  draiaage  and  improper  ventilation  do  to  our  bodily  health. 

Twenty  years  ago,  few  people  knew  or  cared  much  about  the  artistic  character 
of  the  surroundings  of  their  daily  life.  The  ordinary  English  homes  were  fitted 
up  either  in  the  dreariest  monotony  of  commonplaceness,  or  made  gaudy  with 
paper-hangings  and  floor-coverings  of  vulgar  colouring  and  design.  The  carpets 
were  covered  with  sprawling  festoons  of  flowers,  or  with  impossible  grotesques 
of  birds,  beasts,  and  reptiles,  in  utterly  unnatural  treatment  and  senseless 
repetition.  Flock  papers  of  monotonous  shades  darkened  our  rooms  and  acted 
as  traps  for  collecting  all  the  fllth  and  dust  that  could  be  absorbed  from 
foul  and  unhealthy  vapours,  or  collected  from  the  dirt  and  smoke  that  gradually 
accumulate  in  every  house.  Not  only  were  they  inartistic  and  subversive  of  that 
mental  enjoyment  or  pleasure  which  good  and  harmonious  colouring  tends  to  pro- 
duce, but  absolutely  unhealthy ;  engendering  a  feeling  of  stuffiness  and  impurity, 
by  constant  absorption  and  accumulation  of  the  various  impurities  which  prevailed 
in  rooms  which  were  more  or  less  closely  shut  up,  and  in  which  no  proper  arrange- 
ments existed  for  healthy  ventilation.  The  gold  or  metal  work  in  the  ornaments 
soon  got  black  and  shabby ;  the  fluffy  nature  of  the  material  collected  and  held 
dust  and  other  impurities,  which  no  amount  of  brushing  or  cleaning  could 
entirely  get  rid  of. 

Then  the  floors  were  covered  all  over  with  oil-cloth  or  carpet,  and  formed  pleasant 
and  safe  collecting-places  for  dust  and  dirt,  which  was  only  partially  got  rid  of  at 
the  annual  or  biennial  periods  of  spring  and  autumn  cleaning,  and  in  times  of  sickness 
held  closely  to  all  the  effluvium  and  infection,  to  the  almost  certain  spread  of  diseases 
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and,  at  all  events,  to  the  always  general  unhealthiness  of  the  house.  The  pleasant 
association  of  harmonious  and  grateful  colouring,  of  a  healthy  treatment  of  surface 
decoration  by  which  a  higher  mental  tone  is  inspired,  or  of  any  artistic  arrange- 
ment of  the  wall  or  floor-surfaces,  were  utterly  unknown,  and  everything  about  us 
was  trashy,  vulgar,  and  commonplace.  Gross  shams  and  vulgar  imitations  in 
CA'erything  pertaining  to  dress,  decoration,  and  furniture  were  not  only  accepted 
but  delighted  in ;  the  age  of  "  hoops "  and  other  enormities  in  dress  was  equally 
satisfied  with  an  utter  disregard  of  moral  or  mental  satisfaction  in  the  decoration 
of  the  house,  and  cared  little  or  nothing  for  the  truth,  fitness,  and  comfort  of  its 
internal  belongings. 

In  matters  of  taste  there  has  been,  and  will  always  be,  great  difference  of 
opinion ;  but  as  the  sense  of  sight  may  be  said  to  become  interested  and  affected 
from  our  earliest  childhood,  long  before  our  other  senses  become  fully  or 
practically  developed,  it  is  but  fair  to  assume  that  the  harmonious  treatment 
of  colours  and  the  arrangement  of  artistic  forms  with  beauty  and  grace  will 
naturally  exercise  an  equal  amount  of  healthy  influence  on  the  sense  of  sight, 
as  the  proper  sanitary  arrangement  of  our  homes,  and  the  cleanliness  and  purity 
of  our  suiToundings,  do  upon  the  especial  senses  with  which  they  are  connected 
— ^taste,  touch,  and  smell. 

The  child  is  amused  and  interested  by  being  shown  coloured  pictures,  and  it 
is  surely  a  matter  of  importance  that,  so  far  as  possible,  the  teaching  of  the  eye 
or  sense  of  sight  shall  be  of  a  good  rather  than  an  inferior  order,  and  that  it 
should  be  considered  quite  as  requisite  for  healthy  life,  that  the  fitting  up  of 
the  homes  we  live  in  should  be  pleasant  and  suitable,  and  the  tilings  we  surround 
ourselves  with  harmonious  and  beautiful  in  their  form  and  colour,  so  that 
the  lessons  which  they  are  imperceptibly  teaching  for  all  time  should  be 
of  a  truthful  and  healthy  chai-acter,  as  that  the  food  we  eat  should  be  of  good 
quality  and  properly  cooked,  and  that  the  general  sanitary  state  of  the  dwelling 
be  as  perfect  as  possible.  A  child  may  not  at  first  be  able  to  distinguish  the 
difference  between  good  and  bad  drawing,  or  between  harmonious  and  crude 
colouring  in  the  picture-books  which  are  set  before  it ;  but  surely  the  intellectual 
teaching  of  good  art  in  beautiful  drawmg  and  colouring  will  imperceptibly  tend 
to  the  healthier  teaching  and  gradual  and  higher  mental  development  in  all 
matters  in  which  the  sense  of  sight  is  concerned,  quite  as  much  as  well-selected 
and  well-written  books  tend  to  foster  purity  of  thought  and  language.  It  is 
not,  therefore,  too  much  to  assume  that  "  the  girl  or  boy  who  grows  up  amidst 
hamionies  of  form  and  colour,  and  intelligent  application  of  material,  imbibes 
therefrom  a  spontaneous  notion  of  what  is  meant  by  practical  taste  in  its  every-day 
uses ;  and  it  is  not  going  too  far  to  say  that  the  art-disposition  of  such  a  child 
is  fined  down,  and  ia  rendered  more  delicate  and  more  subtle  by  early  association 
with  good  models,  and  that  its  power  of  appreciating  the  beauties  of  nature  is, 
in  consequence,  strengthened  and  extended." 

In  most  of  us  the  sense  of  touch  is  at  once  appealed  to  by  contact  with  any 
impurity  or  disagreeable  body,  the  sense  of  hearing  is  jarred  by  listening  to  dis- 
cordant sounds,  or  by  noises  which  are  harsh  and  out  of  character  with  the  ordinary 
harmony  of  speech  or  music ;  wliile  the  organs  of  taste  and  smell  are  immediately 
appealed  to  by  any  impurities  or  nastinesses  with  which  they  may  come  in  contact. 
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Why  therefove  should  the  most  important  sense  of  all        ^In  ^^.tteH  s- 
neicted  and  its  healthy  and  proper  development  uncared  for,  by  an  "tteylis 
ret  d  of  beauty  either  of  form  or  colour  in  our  general  surroundrngs   and  by 
a  "constant  assolation  with  things  that  are  crude  and  ugly,  glanng  and  vulgar 

in  colour,  hideous  and  misshapen  m  form  1  -o  a        thp  Nim- 

In  an  admirable  and  thoughtful  article  by  Mr.  Watts,  R.A.  m  the^  N^m 
teenth  Century  of  February,  1880,  on  "The  Present  Oondxtions  of  Ai't,  occur 
the  following  words,  which  to  my  mind  mark  essentially  the  reasons  of  the 
present  degenerate  and  unhealthy  state  of  all  matters  pertaining  to  domestic  arts 

in  the  present  day.  ,    .        i  j-i, 

"The  untirin-   interest,  the  pains,  the  love  bestowed   formerly  upon  the 
perfecting  and  decorating  of  almost  all  objects  of  daily  use,  even  when  the 
service  required  was  most  material,  is  one  of  the  most   striking  points  of 
difference  between  ancient,  or  medieval,  and  modern  life.    .    .    .    Our  confirmed 
habit  of  regarding  art  and  all  that  belongs  to  it,  all  the  delights  that  come  to 
us  through  the  medium  of  the  noblest  of  all  our  organs,  as  necessarily  separated 
fi-om  the°  serious  business  of  life,  must  be  fatal  to  art.     The  necessity  for,  and 
instructive  delight  in  beauty,  must  be  felt  before  we  can  hope  to  see  great  art 
flourishing  healthily.     The  eye  must  appreciate  noble  form  and  beautiful  colour 
before  the  jar  consequent  at  the  sight  of  ugliness  is  felt  which  would  as  a  rule 
prevent  its  existence.    In  our  modern  life  the  cultivation  of  the  eye  is  sacrificed 
to  all  kinds  of  meaner  considerations.     Other  organs  of  taste  are  respectfully 
treated.     Few  people  lightly  value  the  importance  of  the  cook's  preparations. 
The  well-dressed  dinner  is  not  put  off  till  Sunday;  to  be  indifferent  to  bad 
smells  would  be  to  confess  defective  organisation.     Sounds  are  serious  matters. 
We  make  efforts  to  escape  discordant  noise,  or  submit  with  grumbling.^  But 
with  regard  to  the  eye  we  submit  habitually  to  conditions  which  are  equivalent 
to  tearing  raw  meat  with  our  fingers  and  teeth,  living  in  the  midst  of  vile  odours, 
and  complacently  enduring  abominable  discords." 

To  a  great  extent  our  manufacturers  have  it  in  their  power  to  bring  back 
a  healthy  artistic  tone  in  everything  we  use  ;  the  commonest  articles  of  daily  life 
may  be  just  as  well  beautiful  in  form,  harmonious  in  colouring,  and  good  in 
decorative  design,  as  ugly,  crude,  and  vulgar.  It  is  no  more  costly  to  make  our 
ordinary  pots  and  pans,  cups  and  saucers,  silver  and  glass,  beautiful,  than  it  is 
to  make  them  trashy  and  hideous.  The  simplest  designs,  if  beautiful  and  graceful 
in  shape,  are  infinitely  more  preferable  in  everything,  than  the  costly  productions 
covered  with  stuck-on  ornament  or  badly-designed  painting  or  engraving. 

In  all  the  commonest  articles  of  daily  use  and  necessity,  there  may  be  grace 
and  simplicity  of  form  without  the  unnecessary  and  unmeaning  overlaying  of  bad 
ornament,  which  is  not  only  useless  but  costly,  liable  in  glass,  china,  or  pottery 
to  be  easily  chipped  and  broken,  difficult  to  clean,  and,  as  a  rule,  utterly  useless. 
Fitness  for  the  special  purposes  for  which  the  various  articles  are  intended,  and 
common-sense  treatment  of  their  form  and  shape,  should  be  the  true  aim  of 
all  manufacturers,  in  the  design  and  make  of  the  innumerable  objects  of  daily  use. 

It  must  be  evident  to  common-sense  people,  that  all  furniture  wliich  collects 
and  holds  dust  and  dirt  which  cannot  be  easily  detected  and  cleaned ;  that  all 
window-valances  and  heavy  stuff  curtains  with  heavy  fringes  which  cannot  be 
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constantly  shaken ;  and  that  aU  floor-coverings  which  are  fastened  down  so  that 
it  is  impossible  to  clear  away  the  dust  that  gradually  but  surely  finds  its  way 
under  them,  and  pi-events  the  coverings  themselves  from  being  constantly  shaken, 
are  objectionable  and  unhealthy.  ' 

In  the  present  craving  after  artistic  decoration  and  furniture,  and  improved 
sanitary  arrangements,  it  may  be  that  we  are  running  to  the  other  extreme, 
frightening  ourselves  unnecessarily,  and  by  overdoing  the  remedies  which  are 
recommended  and  provided  for  us  by  all  the  various  experts  in  sanitary  science 
or  art  decoration,  inflicting  damage,  which  by  more  careful  thought  and  intimate 
knowledge  of  the  why  and  the  wherefore  such  remedies  are  to  be  applied,  we 
might  well  avoid. 

All  new  doctrines  are,  however,  liable  to  be  carried  to  extremes,  and  it  is 
only  by  real  knowledge  and  experience  of  years  that  we  can  hope  to  arrive  at 
that  happy  medium,  in  which  the  true  shall  be  separated  from  the  false,  the  wise 
from  the  foolish.  Whether  it  be  in  the  adaptation  of  art  or  science  for  the 
improvement  of  our  dwellings,  we  can  hardly  expect  after  so  many  years 
of  utter  disregard  of  the  first  principles  of  truth  and  fitness  in  all  construction, 
sanitary  and  artistic,  to  begin  an  age  of  improvement  and  real  progress  without 
falling  into  some  of  the  many  pitfalls  which  the  various  professors  of  the  new 
schools  of  sanitaiy  and  artistic  improvement  naturally  lead  us  to,  when  as  yet 
they  are  not  agreed  themselves  on  the  best  principles  or  means  for  carrying 
out  the  esjiecial  theories  which  they  advocate. 

Pet  schemes  are  like  pet  dogs,  nuisances  to  be  avoided  as  much  as  possible ; 
and  common  sense  should,  I  take  it,  enter  largely  into  all  matters  that  are  to  be 
permanently  useful  to  mankind,  whether  it  be  in  sanitary  appliances  for  the 
better  drainage  and  water-supply,  or  in  the  more  healthy  and  truthful  decoration  of 
the  houses  we  live  in.  It  may  be  said  that  the  two  things  are  not  capable  of 
comparison ;  that  science  depends  only  upon  facts  and  the  results  of  much  experience 
and  many  failures,  while  decoration  is  a  matter  of  taste  made  up  of  many  theories 
and  dependent  to  a  great  extent  on  the  individual  fancy  and  caprice,  or  upon 
the  amount  of  knowledge  or  ignorance,  as  the  case  may  be,  either  in  the  individual 
or  the  artist. 

It  would  be  easy  enough  to  combat  this  argument  by  pointing  out  that 
there  are  almost  as  many  opinions,  difiering  to  a  large  degree,  in  questions  of 
sanitary  science,  as  in  those  pertaining  to  truth  and  taste  in  decoration ;  various 
sanitary  professors  wUl  tell  you  that  "  traps  "  are  deadly,  whUe  others  will  assert 
that  you  cannot  "  trap "  too  much.  The  professors  of  ai-tistic  decoration  difier 
materially  in  their  views,  and  are  not  yet  agreed  on  the,  to  my  mind,  fundamental 
principle  that  all  good  decoration  should  be  truthful  and  based  on  construction, 
that  all  things  should  be  beautiful  in  form  and  colour,  whatever  that  form  or  colour 
may  be.  Whatever  may  be  our  own  particular  fancies  or  caprices  as  to 
form  and  colour,  the  one  should  be  essentially  fitting  for  its  purpose,  graceful  in  its 
treatment,  and  truthful  in  its  construction ;  while  the  other  should  be  harmonious 
and  pleasing,  without  any  flaunting  crudities  or  vulgarities  which,  to  the  really 
educated  or  refined  mind,  are  as  objectionable,  and,  in  their  way,  as  morally  and 
mentally,  if  not  bodily  deleterious,  as  any  other  impurities  or  imperfections  with 
which  we  may  be  surrounded. 
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After  long  years  of  absolute  indifference,  and  in  a  great  measure  of  absolute 
ic^norance  in  most  matters  pertaining  to  artistic  taste,  there  seems  to  have  taken 
place  a  remarkable  awakening  to  the  badness  and  vulgarity  of  the  general 
decoration  and  furnishing  of  the  houses  we  Uve  in;  and  with  this  awakeiung,  so 
to  speak,  from  utter  carelessness  as  to  the  artistic  and  truthful,  or  even  healthy 
character  of  colouring  of  our  walls  and  of  the  fittings  we  surround  ourselves  with, 
has  set  in  a  fashion  which  is  encouraging  better  taste  and  more  truthful  work 
in  our  homes.  But,  unfortunately,  with  all  this  greater  interest  m  the  artistic 
treatment  of  our  buildings,  there  is  evinced,  to  a  large  extent,  a  want  of  real 
knowledge  of,  and  love  for  art  for  its  own  sake,  founded  on  practical  education  and 
trained  judgment.  Fashionable  wall-papers  and  fashionable  furniture,  called  after 
some  particular  period  of  design,  are  made  to  do  duty  for  honest  thought  and  study, 
by  which  alone  any  proper  or  lasting  knowledge  can  be  attained.  Absurd  forms 
and  useless  and  expensive  conceits  in  design  run  riot  in  papers,  carpets,  and  hanging 
stuffs.  Yulgar  display  is  often  preferred  to  simplicity  of  treatment ;  the  use  and 
purpose  to  which  the  various  pieces  of  furniture  are  to  be  put  are  almost  entirely 
lost  sight  of;  the  stri\-ing  after  novelty  of  form  causes  the  real  value  of  the  particular 
article  of  furniture  or  fitting  to  be  materially  decreased  :  the  shams  of  so-called 
high  art  or  sestheticism  are  preferred  to  good  and  simple  forms,  useful  shapes, 
and  common-sense  arrangement,  whether  it  be  in  furniture  or  mere  decorative 
fittings.  Mere  fashion,  like  all  caprices  dependent  upon  popular  or  individual 
change,  cannot  in  the  nature  of  things  be  lasting  or  real :  a  new  fashion  and  a 
new  craze  will  set  in,  and  condemn  all  present  arrangements  based  upon  ignorance 
or  mere  imitation  of  the  art  of  other  countries,  which,  in  nine  cases  out  of  ten,  is 
utterly  unfitting  and  inappropriate  to  modern  requirements  and.  the  existing  social 
life  and  feeling. 

The  great  importance  of  a  proper  scientific  training  is  being  acknowledged  in 
our  public  and  private  schools  ;  we  may  well  hope  therefore  that  ere  long  a  higher 
artistic  training  will  also  be  insisted  upon,  and  the  knowledge  of  art  form  and 
colour  wiU  be  eventually  found  as  necessary  in  the  education  of  an  English 
gentleman,  as  is  the  knowledge  of  writing,  reading,  and  arithmetic.  Without 
this  early  education  it  is  hopeless  to  suppose  that  the  masses  of  even  the  educated 
public,  with  all  the  assistance  offered  by  the  innumerable  mass  of  things  artistic 
brought  together  in  the  museums  and  private  collections  of  Europe  and  this 
country,  can  properly  and  thoroughly  understand  what  is  really  good  and  truthful 
in  art,  or  can  properly  appreciate  good  painting,  good  decoration,  or  good  form  in 
design  of  furniture  or  fittings.  With  the  slightest  elements  of  real  artistic 
education  it  would  be  quite  impossible  for  the  mass  of  the  public  generally  to 
put  up  with,  or  in  any  way  be  satisfied  with,  the  atrocious  vulgarities  and  the 
absurd  anachronisms  in  the  design,  form,  and  colour  of  the  innumerable  small 
objects  of  every-day  use. 

So  long,  however,  as  ignorance  reigns  supreme,  and  the  dogmas  of  some 
particular  school  of  false  teachers  are  blindly  accepted  as  sound  and  correct,  we 
must  be  content  to  see  Fashion  hold  its  own,  and  pander,  in  whatsoever  way 
it  and  its  exponents  choose  to  insist  upon,  to  the  ignorance  and  sentimentality 
of  the  large  and  numerous  following  who  accept  the  teaching  as  correct,  because 
they  themselves  are  entirely  ignorant.    This  kind  of  unhealthy  teaching,  founded 
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on  no  true  knowledge,  can  only  lead  to  false  results.  For  a  time  we  shall  be 
nauseated  with  all  the  sickly  sentimentalism  of  washed-out  colours,  which  are 
called  Queen  Anne,  with  all  the  nonsense  and  flimsiness  of  construction  peculiar 
to  some  special  school  of  eighteenth-century  furniture,  or  with  the  imitation  of 
Chinese,  Indian,  or  Persian  decoration — as  unfitted  for  modem  homes  as  the  dress 
or  life  of  the  particular  people  is  at  variance  with  English  home  life  and  the  social 
conditions  of  English  society.  It  must  not  be  thought  for  a  moment  that  I 
am  decrying  the  study  of  the  exceedingly  beautiful  art  of  these  or  any 
countries.  I  am  only  objecting  to  the  slavish,  and  ofttimes  utterly  unappreciative, 
imitation  of  examples  of  ancient  art  which  are  made  to  do  duty  in  modern 
so-called  artistic  decoration.  While  we  learn  and  study  ancient  and  modern 
languages,  we  do  not  attempt  to  substitute  them  for  our  own  English  tongue  in 
ordinary  conversation  or  writing.  Why  then  should  we  be  content  with  the  feeble  and 
generally  grossly  travestied  imitations  of  the  art-work  of  other  countries,  in  place  of  a 
more  truthful  and  healthy  treatment,  founded  on  real  knowledge  and  study,  suitable 
for  modem  requirements  and  everyday  homes  in  England.  The  art- work  that  was 
fitted  and  appropriate  in  the  houses  of  Pompeii,  or  adapted  to  the  walls  of  a  Greek 
temple  or  Chinese  pagoda,  has  nothing  in  common  with  English  home  life ;  and  its 
imitation,  however  faithful  and  satisfactoiy,  is  as  false  and  as  bad  as  the  pi-etentious 
imitation  of  marbling  or  graining  so  much  afiected  in  the  decoration  of  houses  of 
the  earlier  part  of  this  century.  Art,  if  it  be  worth  having  at  all,  must  tend  to 
tlie  ennobling  and  refinement  of  all,  and  by  appealing  to  the  higher  thoughts  and 
feelings  which  are  in  us,  help  to  satisfy  the  want  which  the  eye,  once  properly 
educated,  craves  for  and  requires  in  all  its  surroundings. 

^stheticism  is  the  fashionable  name  by  which  the  new  craze,  for  it  is  nothing 
better,  goes,  and  is  fast  becoming  a  bye-word  and  a  subject  for  scorn  in  the  world 
to  Eestheticism  in  dress  may,  I  take  it,  be  traced  the  extraordinary  fashions  which, 
in  late  years  have  found  favour  in  washed-out  colours  and  senseless  affectation 
of  peculiarities  of  shape  and  form,  which,  with  a  certain  number  of  people,  are 
su]3posed  to  represent  high  artistic  culture  and  taste. 
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CHAPTER  XXX. 

PRINCIPLES  OF  INTERNAL  DECORATION. 
Evils  of  Pretence  and  Over-ornament-Back-grounds  to  be  Unobtrusive-Discriminative  Treatment- 
Contrasted  and  Associated  Oolours-EvUs  of  Conspicuous  Kegular  Pattern-Simplicity  and 
Harmony. 

As  a  fii-st  principle  m  aU  true  decoration  it  must  be  always  borne  in  mind  that 
good  ornament  should  invariably  be  associated  with,  and  form  an  integral  part 
of,  the  real  construction  of  the  building.  If  this  principle  were  always  understood 
and  adhered  to,  the  cost  of  the  generally  trashy  composition  and  plaster-work 
with  which  the  ordinary  builder  has  thought  it  necessary  to  over-lay  the  walls 
and  ceilings  of  our  houses  would  be  considerably  reduced ;  all  this  over-laying  of 
sham  constructive  ornament  is  not  only  bad  in  taste  and  expensive,  but  oftentimes 
a  source  of  danger,  and  always  an  element  of  dii-t  in  our  rooms.  What  can  be 
more  hideous  and  more  useless  than  the  elaborate  plaster  or  papier  mache  cornices 
which  are  generally  to  be  found  in  every  modern  house,  in  which  long  lines  of 
recessed  mouldings,  and  trumpery  cast  enrichments  of  the  worst  possible  design 
answer  no  practical  purpose,  and  serve  only  as  recesses  and  resting-places  for  dii-t 
and  dust,  while  the  elaborate  and  vulgar  centre-flowers  and  corners  which  are 
stuck  on  to  so  many  of  our  ceilings  are  so  far  an  element  of  danger  that  they  add 
materially  to  the  thickness  of  the  plaster-work,  and  being  altogether  false  in 
construction,  are  liable  to  give  way  and  fall  down  at  any  moment ;  in  them- 
selves are  entirely  opposed  to  any  true  principles  of  decoration,  and  if  picked  out 
in  various  colours  according  to  the  fashion  usually  followed  by  the  general 
run  of  decoratoi-s,  are  eye-sores  in  the  room,  and  in  every  way  objectionable  and 
out  of  place.  Simple  plain  mouldings^  or  hollows  to  take  off  the  stiffness  of  the 
square  break  between  the  walls  and  ceilings,  are  all  that  are  necessary,  without 
enrichment  or  stuck-on  ornament  of  any  kind ;  these  breaks  can  then  be  treated 
in  a  quiet  and  simple  manner,  and  help  to  improve  the  general  decorative  effect  of 
the  rooms,  whether  they  be  papered,  painted,  or  distempered. 

From  every  point  of  view  these  constructional  shams  are  objectionable.  They 
weary  the  eye  with  their  long  monotonous  multiplication  of  the  same  moulded 
truss,  leaf,  or  flower;  they  are  essentially  false  and  untruthful,  and  so  far  are 
opposing  elements  to  the  association  of  fitness  and  reality  which  are  so  eminently 
desirable  in  everything  around  us ;  they  are  conducive  of  dirt  and  dust  whei'ever 
they  occur,  and  must  naturally  thus  add  to  the  stuffiness  and  unhealthiness  of  the 
room ;  while  at  the  same  time  they  are  opposed  to  all  true  taste  and  artistic  beauty 
and  simplicity  in  the  decorative  ornamentation  of  our  walls  and  ceilings.  In 
objecting  to  all  such  constructional  shams  as  these,  I  am  anxious  that  it  should 
be  understood  that  I  do  so,  not  only  upon  the  point  of  taste,  but  on  the  more 
substantial  basis  that  they  are,  to  a  great  extent,  elements  of  useless  expense,  and 
tend  to  deaden  the  mind  to  an  unhealthy  and  careless  disregard  of  false  art  and 
construction,  and  so  far  to  prevent  any  better  feeling  for  true  taste  in  decoration. 
Shams  of  all  kinds  are  to  be  objected  to,  whether  it  be  in  expensive  and  pretentious 
plaster  or  papier  mdche  ornament,  unwieldy  and  pretentious  trusses  to  windows 


320 


OUE  HOMES. 


or  mantelpieces  wliich  support  notliing,  and  are  often  so  badly  set  on  that  they 
can  hardly  hold  themselves  up,  or  in  the  imitation  of  other  materials  by  use  of 
graining  and  marbling.  What  can  possibly  be  worse  in  taste  and  so  utterly  cold 
and  miserable  as  covering  staircases  or  other  walls  with  paint  or  paper  in  imitation 
of  blocks  of  marble  or  granite,  or  so  trumpery  and  tasteless  as  graining  wood- 
work in  imitation  of  various  woods ;  perhaps,  as  I  have  seen  in  many  instances, 
satin-wood  or  maple  for  one  side  of  a  door,  with  dark  walnut  or  wainscot  on 
the  other  side ;  and  after  all,  when  this  is  done,  it  is  a  miserable  travesty  of  the 
real  material,  and  deceives  no  one  who  really  knows  anything  of  the  particular 
materials  the  graining  is  intended  to  represent.  This,  I  may  be  told,  is  an  argument 
in  its  favour,  that  it  deceives  no  one,  and  therefore  does  not  matter;  but 
the  intention  is  the  same,  and  whether  the  lie  be  well  or  badly  told,  it  is  a 
lie,  any  way,  and  so  far  subversive  of  a  healthy  turn  of  mind  or  true  artistic 
feeling. 

"In  art,"  says  Mr.  Redgrave,  the  late  Art  Inspector-General  at  South  Ken- 
sington, "  a  back-ground,  if  well  designed,  has  its  own  distinctive  features,  yet 
these  are  to  be  so  far  suppressed  and  subdued  as  not  to  invite  especial  attention ; 
while  as  a  whole  it  ought  to  be  entirely  subservient  to  supporting  and  enhancing 
the  principal  figures — the  subject  of  the  picture.  The  decoration  of  a  wall,  if 
designed  on  good  principles,  has  a  like  office  ;  it  is  a  back-ground  to  the  furniture, 
the  objects  of  art,  and  the  occupants  of  the  apartment.  It  may  enrich  the  general 
effect,  and  add  to  magnificence,  or  be  made  to  lighten  or  deepen  the  character 
of  the  chamber ;  it  may  appear  to  temper  the  heat  of  summer,  or  to  give  a  sense  of 
warmth  and  comfort  to  the  winter ;  it  may  have  the  effect  of  increasing  the 
size  of  a  saloon,  or  of  closing  in  the  walls  of  a  library  or  study ;  all  which,  by  a 
due  adaptation  of  colour,  can  be  easily  accomplished.  But  like  the  back-ground 
to  which  it  has  been  compared,  although  its  ornament  may  have  a  distinctive 
character  for  any  of  these  purposes,  it  must  be  subdued,  and  uncontrasted  in  light 
and  shade;  strictly  speaking,  it  should  be  flat  and  conventionalised,  and  lines 
or  forms  which  are  hai'sh  or  cutting  on  the  ground  should  be  as  far  as  possible 
avoided,  except  where  necessary  to  give  expression  to  the  ornamentation.  Imita- 
tive treatments  are  objectionable  on  principle,  both  as  intruding  on  the  sense 
of  flatness,  and  as  being  too  attractive  in  their  details  and  colours  to  be  sufficiently 
retiring  and  unobtrusive." 

I  believe  it  has  been  shown  by  experiment  and  observation,  that,  to  a  certam 
and  distinctly  appreciable  degree,  various  colours  act  upon  our  optic  nerves  to  their 
fatigue  and  injury,  and  so  far  to  the  weariness  and  unhealthy  action  upon  the  bram, 
and  that  therefore  it  is  a  matter  of  interest  to  us  how  far  we  may  use  colours  which 
present  an  harmonious  and  pleasant  contrast  to  the  eye,  or  which  fatigue  and  annoy 
us  by  their  harshness  and  inharmonious  arrangement.  Quite  certain  it  is,^  however, 
that  proper  and  harmonious  contrast  and  arrangement  of  colours  is  an  important 
question  in  all  artistic  decoration,  as  by  proper  contrast  various  colours  may  be 
made  to  look  more  beautiful  and  efi-ective,  while  a  dingy  and  unpleasant  efl-ect  may 
be  easily  produced  by  any  bad  or  violent  combination ;  and,  as  a  natural  consequence, 
the  graceful  and  pleasant  appearance  of  our  rooms  will  be  naturally  enlianced 
or  decreased  by  a  study  and  knowledge  of  the  contrasts  and  effects  of  various 
colours.    Without  being  able  to  define  the  exact  shade,  and  even  sometimes  the 
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exact  colouring,  of  any  room  we  enter,  we  are  sensibly  affected  pleasurably  or  the 
reverse  by  its  general  tone  and  treatment ;  even  as  in  admiring  good  taste  m  dress 
we  may  not  always  be  able  to  describe  what  it  was  that  caused  our  special  delight 
or  admii-ation.  How  often  do  we  hear  it  said  that  this  or  that  lady  was  well 
dressed,  and  on  being  asked  for  a  description  of  the  dress  or  colour  we  are  unable 
to  remember  or  describe  it.'  In  the  like  manner,  the  prettiness  and  general  pleasant 
effect  of  a  room  is  often  marred  by  some  injudicious  or  inharmonious  contrast  of 
colouring  or  design  in  the  paper  or  decoration,  and  ornament  that  should  be 
in  subjection  and  subordinate  to  the  general  effect  is  made  staring  and  obtrusive,  to 
the  destruction  of  the  artistic  effect,  and  to  our  own  mental  annoyance.  Without 
further  entering  into  the  physiological  causes  which  enable  us  to  judge  between  the 
proper  and  pleasant  contrast  and  association  of  colours  and  the  reverse,  it  will,  I 
think,  be  admitted  that  a  greater  regard  and  attentibn  to  house  decoration  will 
pleasurably  or  prejudiciously  influence  our  own  comfort  and  health  ;  and  if  this 
be  admitted  when  oiu-  bodily  health  is  good,  and  our  nerves  strong  and 
vigorous,  how  much  more  will  it  be  admitted  when  suffering  from  bodily  or  mental 
ill-health  and  fatigue.  In  the  selection  of  paper  or  other  hangings,  and  in  the  arrange- 
ment of  all  ornament  in  wall  or  panel  decoration,  it  becomes  therefore  a  matter  of 
importance  to  select  none  which  shall  have  distinct  and  strongly-marked  patterns 
in  which  the  ornament  stands  out  and  repeats  itself  in  endless  multiplication  and 
monotony ;  all  such  patterns  would  be  a  source  of  infinite  torture  and  annoyance 
in  times  of  sickness  and  sleeplessness,  would  materially  add  to  our  discomfort 
and  nei-vous  irritability,  and  after  a  time  have  a  ghastly  and  nightmare  effect  upon 
the  brain. 

Naturally  the  walls  of  various  rooms  will  require  different  treatment.  Halls 
and  staircases  should  be  of  some  warm,  quiet  tones  of  colouring,  such  as  reds  or 
greens  which  are  not  positive  colours,  as  the  eye  on  entering  a  house  is  generally 
fatigued  by  the  strong  glare  of  daylight ;  in  the  di-awing-room,  a  good  all-over 
decorative  pattern,  such  as  "  Morris  "  blue  pomegranate,  or  some  of  the  generally 
decorative  and  well-designed  modern  French  patterns,  forms  an  exceedingly  good 
covering,  as  being  essentially  gay  and  decorative  without  being  especially  defined 
in  colour  or  ornament ;  in  the  drawing-room  the  wall-covering  becomes  often  a 
material  portion  of  the  decoration,  and  is  not  usually  required  for  a  background  for 
pictures  or  prints,  and  any  good  pattern  in  which  the  general  colouring  is  brilliant 
without  being  gaudy,  and  in  which  the  ornament  and  colours  are  so  well  arranged 
and  balanced  that  they  do  not  attract  the  eye  by  any  strongly-defined  pattern  or 
colouring,  may  safely  be  used.  In  a  dming-room  or  library,  dull  reds  or  warm 
russet-browns  form  good  backgroimds  for  pictures  or  engravings,  and  even  brilliant 
golden-flecked  vermilion  or  quiet  tones  of  blue,  if  relieved  with  enrichment  or  top 
friezes  of  warm  vellum  or  lighter  shades  of  blue  and  white,  can  be  used  with 
good  effect,  and  do  not  by  any  means  form  disagreeable  backgrounds.  It  must  be 
manifest  that  the  cutting  up  of  any  wall-surface  by  hanging  pictures  from  the 
cormce-line  by  means  of  long  cords  or  wires  must  be  disagreeable  in  effect;  if, 
therefore,  picture-rods  are  used  in  any  room  of  ordinary  size,  say  from  ten  to  twelve 
feet  in  height,  they  should  be  placed  from  two  to  three  feet  lower  than  the  cornice, 
and  be  affixed  to  or  form  part  of  a  small  wood  dividing  moulding  or  rail.  The  top 
fneze,  or  surface,  can  be  left  plain  or  covered  with  a  light  self-tinted  diaper  paper, 
25 
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or  with  arabesque  enrichment,  in  one  or  two  light  shades  of  colouring,  so  arranged 
that  they  should  not  take  away  from  the  flatness  of  the  wall-surface  or  attract  the 
eye  by  too  great  prominence  of  colouring  or  ornament. 

Dark  golden  yellow  with  russet  and  white  ornament  form  also  a  pleasant 
general  wall-surface  when  treated  with  a  dado  of  dark  brown  or  stamped 
leather :  while  all  colours  which  contain  oxide  of  iron,  such  as  umbers,  reds, 
and  ochres,  are  serviceable  and  lasting.  Good  effects  can  also  be  produced  on 
wall-surfaces  by  the  use  of  a  recently-introduced  washable  silvering,  which  is 
said  not  to  tarnish  and  not  to  be  injured  by  gas  or  atmospheric  influences — in 
combination  with  black. 

As  all  pleasant  and  artistic  decoration  must,  to  a  certain  extent,  depend  upon 
the  proper  arrangement  of  colours,  and  upon  a  knowledge  of  their  various  effects 
when  placed  in  contiguity  to  each  other,  and  the  changes  which  take  place  under  the 
influence  of  contrast,  it  will  be  useful  to  note  a  few  of  the  more  important  changes 
in  colours  which  are  more  or  less  largely  used  in  the  decoration  of  our  rooms, 
whether  with  paint,  paper,  or  distemper ;  and  I  give  below  a  table  compiled  from 
Professor  Rood's  valuable  book  on  "  Modern  Chromatics,  applied  to  Art  and 
Industry. " 

Pairs  of  colours.  Change  due  to  contrast. 

I  Red  hecomes  more  purplish. 

(  Yellow   „        „  greenish. 

j  Red   „        ,,    orange  red. 

)  Blue   „        „  greenish. 

Yellow   ,,    orange  yellow. 

Green   „        „    bluish  green. 

Green   »      '  ,>  yellowish-green. 

Blue   ,,        ,,  purplish. 

i  Eed   „        „  purplish. 

I  Orange   ,>        „  yeUowish. 

/Blue   >,        „  greenish. 

[Violet   .,        ,.  purpHsh. 

Red  placed  on  a  white  gi-oiind  appears  darker  and  more  intense,  on  a  black  ground 
it  becomes  more  orange  in  tone  and  more  luminous ;  yellow  on  a  white  ground 
appears  darker  and  more  greenish  than  on  a  black  ground,  in  the  latter  case  it  is 
particularly  brilliant,  and  gives  a  bluish  tint  to  the  black  ground.  Yellow  and 
grey  or  black  constitute,  therefore,  a  pleasant  combination.  Green  on  a  white 
ground  looks  deeper  and  richer,  on  a  black  ground  somewhat  paler.  Blue  on  white 
appears  dark  and  rich,  on  black  by  contrast  becoming  more  luminous.  The  eye 
tired  by  gazing  at  green,  is  rested  by  looking  at  its  complement,  i.e.,  at  a  mixture 
of  red  and  violet ;  vermilion  with  gold  or  yellow,  or  blue  or  greenish-blue,  orange 
with  green,  sea-green  with  vermilion  or  violet,  and  red  with  blue,  all  give  excellent 
combinations.* 

A  good  yellow  diaper  on  a  bluish-grey  ground,  or  grey  ornament  on  light  yellow 
or  vellum  ground,  form  good  combinations  for  the  upper  portion  or  frieze  of  any 
room  where  the  lower  portion  is  treated  with  dark  chocolate  or  purply-brown 
grounds.  White  ornament  on  soft  blue  or  gi'een  grounds,  similar  to  Wedgwood 
ware,  is  very  effective,  especially  when  applied  to  ceilings  or  friezes  ui  which  the 
•  From  Professor  Rood's  chapters  on  "  Contrasts  "  and  "  On  the  Combination  of  Colours  in  Pair, 
or  Ti-iaJs," 
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ornament  is  in  low  relief,  as  is  the  case  in  ceilings  of  the  houses  of  the  end  of  the 
last  and  beginning  of  this  century.  _ 

How  far  different  colours  have  any  really  practical  influence  upon  the  mind 
there  are  at  present  no  reliable  experiments  to  prove,  but  it  is  quite  certain  that 
various  colours  exercise  distinctly-marked  influences.  Dr.  Ponza  of  Alessandria 
has  made  various  experiments  in  treating  certain  forms  of  insanity  by  the 
action  of  coloured  light.  The  following  extract  from  the  British  Medical  Jouriwl 
mil  explain  the  nature  and  theory  of  these  investigations  :— "  Dr.  Ponza's  experi^ 
ments  consisted,  in  the  abstract,  in  placing  his  patient  in  chambers  coloured 
red,  blue,  and  violet,  mth  the  most  surprising  results.  In  the  red  room  he 
placed  a  melancholic  man  who  had  refused  his  food,  but  who  thi-ee  hours  after 
wards  was  found  lively  and  hungry.  In  the  blue  chamber  he  placed  a  violent 
lunatic,  who  became  much  quieter  within  an  hour.  In  a  violet  room  he  procured 
equally  good  results.  Of  all  the  rays  of  the  spectrum,  the  violet  are  those  which 
possess  the  most  intense  electro-chemical  rays  ;  the  red  are  richest  in  calorific  rays ; 
whilst  the  blue,  devoid  of  calorific,  chemical,  or  electric  rays,  are  in  fact  the 
negation  of  all  excitement,  and  are  most  useful  in  calming  violent  excesses  of  fury. 
It  is  said  that  Paracelsus  recommended  red  coral  as  a  remedy  against  melancholy  ; 
whUe  Esquinol  and  Rosch  assert  that  indigo-dyers  are  melancholy,  and  those  who 
dye  scarlet  are  choleric." 

To  my  mind  nothing  can  be  more  objectionable  and  false  in  art  than  the 
overlaying  of  good  coloured  plain  surfaces  with  flowers  fossilised,  so  to  speak, 
into  unnatural  forms,  so  as  to  present  longways  and  crossways,  and  in  any  way 
in  which  you  look  at  them,  clearly-marked  lines  or  patterns,  or  continual 
spots  on  the  general  surface,  which  fatigue  the  eye,  and  perceptibly  set  up  mental 
in-itation  even  in  those  who  are  in  good  health ;  and  which  tend  to  the  infinite 
discomfort  and  mental  annoyance  of  those  who  are  suffering  from  sickness  or  brain 
weariness.  No  matter  how  well-drawn  or  how  artistic  in  general  treatment,  birds 
seemingly  in  flight,  or  cherubs  holding  festoons  frozen  into  rest,  seem  to  me  utterly 
unsuitable  for  ordinary  wall-decoration,  by  the  absence  in  them  of  all  quiet  and 
repose.  The  pattern  and  colouring  of  a  paper  should  be  so  treated  that  there  should 
be  no  spotty  effects,  and  no  vividly-marked  lines  to  break  up  the  general  surface  into 
set  forms.  Plain  colouring  for  wall-surfaces  has  the  objection  of  showing  scratches 
and  finger-marks  more  easily  than  pattern  papering  ;  but  walls  thus  treated  have 
a  much  more  harmonious  and  quiet  appearance,  and  can  readily  be  broken  up,  if  need 
be,  with  simple  em-ichment  with  good  effect.  Pure  vermDion — toned  with  a  Kttle 
yellow  chrome  to  take  off  its  crudeness,  and  relieved  with  a  darker  surbase  or  dado, 
and  some  simple  stencil-work  in  the  frieze — or  pure  Antwerp  blue,  look  very 
effective  ;  but  both  colours  are  too  delicate  to  use  in  distemper,  except  on  painted 
sm-faces. 

In  all  decorative  art,  whether  it  be  in  simple  monochromy  or  single  colour,  or 
m  its  more  elaborate  treatment  by  use  of  polychromy  in  various  distinct  colours 
used  sunultaneously,  much  must  naturally  depend  on  the  size  and  shape  of  the 
spaces  to  be  treated.  To  quote  the  late  Owen  Jones,  "  The  secret  of  success  is 
the  production  of  a  broad  general  effect  by  the  repetition  of  a  few  simple  elements, 
variety  bemg  sought  rather  in  the  arrangement  of  the  several  portions  of  the  design 
than  in  the  multiplication  of  varied  forms." 
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In  all  modem  decoration  there  is  to  a  great  extent  an  absence  of  simplicity  and 
natural  harmony  of  colours,  and  a  want  of  knowledge  of  proper  combinations  and 
contrasts,  so  that  the  wall-surfaces  are  either  made  flaming  and  vulgar  in  tone  or 
cold  and  lifeless,  when  by  a  little  thought  and  artistic  judgment  they  may  at  the 
same  cost  be  made  agreeable  and  pleasant  to  the  eye,  and  offer  good  back-grounds  for 
the  pictiires  and  engravings  which  are  placed  upon  them,  or  pleasant  decorative 
effects  in  monochrome  or  polychrome.  It  is  true  that  in  most  modern  houses  the 
work  of  the  plasterer  and  the  painter  is  of  the  most  tasteless  description,  the 
proportion  and  contour  of  the  mouldings,  whether  in  ceilings,  cornices  and  so-called 
enrichments,  or  enclosing-mouldings  or  architraves  round  the  doors  and  windows, 
being  generally  coarse  and  bad,  and  offering  no  good  constructive  lines  for  decora- 
tive treatment ;  but  there  is  no  reason  why  the  mere  decorator  should  be  allowed  to 
run  riot  in  over-laying  every  bit  of  bad  enrichment — and  thus  emphasising  its 

badness  with  gaudy  colouring  or  gold,  or  in  picking  out,  as  it  is  called,  the  various 

sham  ornaments  and  mouldings  with  brilliant  colouring,  with  no  attempt  at 
harmonious  treatment  or  artistic  blending  together  of  tints  and  shades.  The  mere 
conventional  decorator  is  a  being  to  be  avoided  of  all  others,  for  his  idea  of  artistic 
decoration  would  seem  to  be  in  gaudy  colouring  and  gilt,  utterly  umiecessary  and 
exceedingly  expensive. 

Gold  used  in  decoration  will  not  stand  unless  varnished,  but  becomes  black  by 
the  effect  of  noxious  gases  and  impure  atmosphere,  and  in  papers  it  is  generally 
made  up  of  inferior  or  Dutch  metal,  and  soon  becomes  destroyed  by  atmospheric 
effects  or  draughts. 

In  the  examples  which  are  left  to  us  of  the  decorative  treatment  of  ordmary 
houses  in  Pompeii,  the  general  arrangement  of  design  and  colouring  was  of  great 
beauty  and  elegance  in  outline,  and  quiet  and  gi-aceful  harmony  of  colour;  and 
when  the  ornamentation  was  in  any  way  elaborated  it  was  made  conformable  to  the 
proportions  of  the  rooms  and  in  pleasant  harmony  and  contrast  with  the  furniture 
and  -eneral  surroundings.  We  cannot  but  be  struck  with  the  brightness  and 
cheerfulness  and  general  artistic  effect  of  the  whole  work.  In  the  ordmary  rooms 
the  ceilings  and  upper  portion  of  the  walls  had  simple  borders  of  graceful  desigii 
in  bright  and  well-arranged  colouring,  with  occasional  panels  formed  either  by  weU- 
painted  frescoes  or  ornament.  Without  desiring  to  see  in  modern  rooms  any 
imitation  of  Pompeiian  decoration,  we  might  study  and  adapt  some  of  its  graceM 
combinations  of  colouring  and  brilliant  tones  instead  of  picking  out  bad  plaster 
enrichments  in  endless  monotony  of  tints,  or  in  stencilling  hard  and  martistic 
designs  at  various  set  intervals  along  the  wall  or  ceiling  space. 
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FLOORS  AND  FLOOR  COVERINGS. 

The  EvUs  of  Dust-Cai-pets  as  Sources  of  Dust -Substitutes  for  laid-down  Carpets-Parqueterie- 
Paintecl  Floors  and  Movable  Bugs— Indian  and  Chinese  Matting— Linoleum. 

Very  recently  there  appeared  in  the  columns  of  the  Times  a  letter  from  a 
well-known  surgeon,  who,  under  the  nom  de  plume  of  F.E.C.S.,  set  forth 
his  experiences  of  a  London  house,  and  his  attempts,  to  quote  his  own  words, 
to  make  it  into  a  "  wholesome  and  comfortable  habitation." *  The  writer  commences 
his  letter  by  stating  that  the  house  had  been  immediately  before  him  occupied 
by  a  well-known  "  sanitary  reformer,"  and  therefore  was  supposed  to  be  in  fan- 
sanitary  state ;  that  it  had  been  by  him  "  swept  and  garnished,  painted  and  papered, 
and  presented  a  fair  outside  appearance."  I  cannot  do  better  than  quote  his  letter 
freely,  as  not  only  exemplifying  to  a  great  extent  the  evils  which  exist  in  so 
many  of  our  houses,  but  the  manner  in  which  he  eventually  arrived  at  a  fairly 
satisfactory  solution  of  his  difficulties,  and  established  within  his  walls  a  healthy 
atmosphere,  and,  in  a  common-sense  way,  applied  the  various  suggestions  I  have 
endeavoured  to  promulgate  for  the  better  and  more  healthy  arrangement  of 
decoration  and  furniture. 

It  is  not  necessary  to  follow  the  writer  through  all  his  preliminary  troubles 
as  to  drainage,  his  discovery  of  what  he  calls  a  "  honey-comb  of  cesspools " 
without  any  comiection  mth  the  main  sewer,  and  the  various  discomforts 
experienced  from  tribes  of  rats  which  infested  the  said  cesspools. 

In  speaking  of  the  furniture  of  the  house,  he  says,  "I  had  furnished  the 
house  in  the  way  common  to  habitations  of  its  class.  There  were  window- 
curtains  in  the  dining-room,  window-curtains  in  the  consulting-room,  window- 
curtains  in  the  drawng-room,  window-curtains  in  the  bed-rooms.  There  were 
carpets  on  all  the  floors ;  there  were  unprotected  papers  on  the  walls ;  there  were 
wardrobes  and  other  pieces  of  furniture,  which  had  their  apparent  height  increased 
by  cornices,  within  which  were  hollow  spaces,  seemingly  made  on  pui'pose  to  form 
harbours  for  dirt.  There  were  ponderous  book-shelves,  containing  a  formidable 
amount  of  printed  lumber,  and  a  still  more  formidable  amount  of  dust.  The  walls 
were  old  with  uneven  surfaces,  and  to  these  uneven  surfaces  dirt  clung  with  an 
almost  touching  tenacity.  There  were  all  sorts  of  flufiy  things  about,  which  were 
supposed  to  be  ornamental,  fancy  mats  and  the  like,  and  which  blackened  the 
fingers  of  any  one  bold  enough  to  touch  them.  Last,  but  by  no  means  least,  there 
■were  the  ever-increasing  accumulations  of  rubbish,  such  as  old  clothes,  old  toys, 
old  books  and  pamphlets,  old  newspapers,  old  music,  and  miscellaneous  trumpery 
of  every  description.    Upon  all  these  things  the  dirt  of  a  London  street  poured 

*  I  may  faii-ly  quote  this  letter  as  setting  forth  some  few  of  the  evils  which  may  be  altered  or 
avoided,  more  especially  as  tlic  writer,  in  concluding  his  letter,  is  good  enough  to  state  that  "he 
denved  the  suggestions  which  first  led  him  to  think  of  perfect  cleanUness  as  the  highest  domestic 
virtue  from  the  various  suggestions  set  forth  "  by  myself  in  the  series  of  "  Cantor  Lectui-es  "  which 
I  delivered  before  the  Society  of  Arts  in  the  spring  of  1880. 
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in  without  intermission.  In  dry  weather  the  dust  found  its  way  through  every 
chink ;  in  wet  weather  the  feet  of  visitors  brought  in  mud,  which  dried  into  dust 
speedily.  If  the  chikh-en  romped  for  ten  minutes  in  a  carjjeted  room,  the  dust 
would  lie  in  a  thick  layer  upon  the  tables  and  chairs  when  they  had  finished.  Dirt 
seemed  to  be  omnipresent  and  all-pervading.  It  was  plentiful  in  the  air  we 
breathed,  it  mingled  with  the  food  we  ate  and  with  the  liquids  we  drank.  The 
house,  thus  arranged,  was  a  scene  of  perpetual  malaise  and  ailing.  Somebody 
always  had  a  '  cold '  or  a  headache,  the  former  malady  being  now  supposed  to  have  little 
to  do  with  temperature  or  with  chills,  but  to  be  produced  by  the  poisonous  influence 
upon  the  mucous  membrane  of  the  respiratory  passages  of  the  septic  dust  which 
people  breathe,  and  which,  in  the  majority  of  instances,  they  trample  out  of  their 
filthy  carpets."  After  sufFering  in  bodily  health  and  general  discomfoi-t,  and  losing 
children  and  wife  by  seemingly  untraceable  causes,  the  writer  goes  on  to  say,  "  The 
conviction  was  at  last  forced  upon  me  that  we  were  placed  under  unwholesome 
conditions  of  living ;  and  I  set  myself  to  consider  how  these  conditions  might  be 
changed  and  in  doing  this  the  common  sense  of  a  professional  man  was  at  last  brought 
into  play.  He  began  to  realise  that  dust  and  dirt  meant  disease  and  illness,  if  not 
death ;  that  dirt  and  dust  could  only  be  got  rid  of  by  getting  rid  of  many  of  the 
generally-accepted  forms  of  furniture  and  decoration,  and  that  everything  which 
tended  to  conceal  dirt,  and  retain  it,  must  be  got  rid  of,  and  "that  all  dirt-traps, 
whether  fixed  or  movable,  should  be  abolished,  and  that  all  surfaces  should  be 
rendered  washable.  The  first  thing  was  to  send  away  cart-loads  of  the  varied 
material  which  I  have  already  described  as  rubbish,  the  terms  including  all  carpets, 
all  window-curtains,  all  the  muslin  blinds  which  people  hang  across  the  lower 
halves  of  bed-room  windows,  all  books  and  pamphlets  which  were  not  really 
reqiiired,  all  anti-macassars  and  the  like,  everything  that  was  broken,  and  every- 
thing that  was  useless.  Having  thus  cleared  the  ground,  I  commenced  the  work 
of  reform." 

"The  first  thing,  of  course,  was  to  see  carefully  to  the  drainage  and  water 
arrangements,  to  the  ventilation  of  the  soil-pipes,  the  condition  of  the  cisterns, 
and  so  forth.  The  next  thing  was  to  cover  the  old  floors" — which  as  I  have  before 
said  by  their  cracks  and  unevenness  are  among  the  worst  possible  forms  of  dust-traps, 
— "  with  thin  oak  parqueterie  both  in  living-rooms  and  bed-rooms."  This  parquet 
veneeiing  can  be  done  for  about  the  price  of  a  good  Brussels  carpet,  and  should 
be  polished,  not  merely  waxed,  so  as  to  be  easily  cleaned.  "  It  can  be  dusted  or 
swept  every  day  like  the  top  of  a  table,  or  washed  with  a  sponge  and  spirit  of 
turpentine  when  dust  is  deposited  upon  it.  The  turpentine  not  only  cleans 
it  effectually,  but  also  aff"ords  the  benefit  of  its  fragrant  and  antiseptic 
odour  for  some  hours  after  it  has  been  used."  Upon  the  parqueterie 
floors  thus  laid  and  maintained,  I  have  a  few  small  Oriental  rugs,  each  of  which 
can  be  taken  up  and  shaken  in  one  hand.  In  the  living-rooms  they  are  dispersed 
about,  in  bed-rooms  they  are  placed  as  hearth-rugs  only." 

It  may  be  objected  to  by  many  people  that  the  cold  floor  would  be  damaging  to 
health  by  the  sudden  chiU  to  the  naked  feet  in  getting  out  of  bed,  but  this  is  easily 
remedied  by  having  similar  rugs  or  strips  of  felt  or  carpet  laid  alongside  the  bed  on 
each  side  ;  while  by  such  an  arrangement  the  usual  places  for  dust  under  furniture 
and  beds  is  entirely  avoided,  and  the  healthiness  of  the  rooms  materially  improved, 
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wliile  the  savin-  in  labour  in  cleaning  the  room  thoroughly  each  day  is  manifest 
tflel  cZ  he^no  difficulty  in  rubbing  over  the  whole  floor-surface  thus  trea  ed 
with  a  damp  rubber  affixed  to  a  flat  broom,  and  thus  at  once  cleamng  --^V-f^^ 
the  whole  floor-surface.    I  may  here  suggest  what  I  have  always  urged,  that  if  this 
parqueterie  covering  is  objected  to  on  the  ground  of  expense,  the  whole  floor  sm^ace 
Ly  be  painted  in  four  good  oils  of  a  dark  colour  and  varnished,  at  about  one-tlnrc 
the  expense,  and  answer  for  almost  all  practical  purposes  the  same  ends  ;  but  it  cannot 
be  too  strongly  urged  that  no  floor  can  be  kept  clean  if  the  chinks  between  the 
boards  are  allowed  to  remain  as  traps  for  filth  of  all  kinds,  and  the  uneven  surfaces 
of  the  old  floors  be  left  rough  for  the  accumulation  of  dirt  and  dust  which  no 
amount  of  cleaning  can  entii-ely  get  rid  of.    If  the  floors  be  treated  with  pamt 
mixed  to  a  certain  extent  with  varnish,  a  smooth  surface  will  be  obtained  at  a 
moderate  cost,  the  expense  of  carpeting  the  whole  surface  will  be  saved,  and  the  ills 
of  dirt  and  dust  efiectually  prevented. 

All  this  kind  of  painting  and  varnishing  the  floor-surfaces  is  infinitely  less  costly 
than  any  other  kind  of  covering,  carpet,  matting,  or  drugget ;  easUy  cleaned,  and  as  a 
consequence  infinitely  more  healthy  and  satisfactory,  and  to  my  mind  much  more 
artistic  and  pleasant  in  its  general  tone  and  appearance  than  any  amount  of  carpet 
or  drugget  covering.  Good  paint  properly  set  with  varnish  or  varnished  over  will 
last  for  years,  and  save  all  the  annoyance  and  unhealthiness  of  carpets  and  annual 
or  biennial  cleanings. 

In  painting  and  varnishing  the  floors  "sizing"  should  not  be  allowed,  as  it 
invariably  chips,  and  is  generally  put  on  for  the  purpose  of  saving  varnish.  Good  oil 
stain  or  three  coats  of  paint  should  form  the  base  for  all  varnished  floors,  and  it  is 
well  also  to  remember  that  proper  durability  and  hardening  of  all  painted  surfaces 
is  in  the  main  due  to  the  quality  of  the  paint  used  :  raw  oil  as  the  medium  of  all 
painted  work  is  naturally  slow-drying-  and  elastic,  and  if  varnished  before  being 
thoroughly  dry  and  hard,  the  varnish  is  apt  to  crack  and  chip  :  the  surface  of  the 
paint  should  be  covered  with  slow-drying  varnish  and  carefully  rubbed  down 
between  each  coat. 

Thin  "  carpet  *'  parquet  can  now  be  obtained  and  laid  down  at  almost  the  same 
cost  as  good  Brussels  carpet  :  glued  down  to  the  existing  floors  it  forms  an 
admirable  non-absorbent  covering,  is  easily  kept  clean,  and  is,  in  every  sense,  more 
healthy  and  more  artistic  than  felt,  drugget,  or  carpets.  If  polished  with  oil  and 
beeswax  the  grain  of  the  wood  is,  while  being  well  filled  up,  clearly  shown,  and  the 
whole  can  be  kept  clean  and  polished  at  a  comparatively  small  expenditure  of  time 
and  labour.  Captain  Douglas  Galton,  in  his  admirable  little  book  on  Hospital 
Construction,  insists  strongly  upon  "  the  walls  and  ceilings  -being  quite  plain  and 
free  from  all  projections,  angles,  or  ornaments  which  should  catch  or  accumulate 
dust."  As  regards  floors,  he  says  :  "  The  floor  should  be  as  non-absorbent  as 
possible,  and  for  the  sake  of  warmth  to  the  feet  it  must  in  this  country  be  of  wood. 
Oak,  or  other  close  hard  wood,  with  close  joints,  oiled  and  beeswaxed,  and  rubbed 
to  a  polish,  makes  a  very  good  floor,  and  absorbs  very  little  moisture.  It  is 
impossible  to  pay  too  much  attention  to  the  joints  ;  they  should  be  like  those  of  the 
best  jmrqtLeterie,  aSbrding  no  inlet  for  the  lodgment  of  iirt ;  for  the  impurities 
which  become  lodged  in  the  cracks  of  the  floor  are  eminently  objectionable. 
Practically,  with  care,  a  well-laid  oak  floor,  with  a  good  beeswaxed  surface,  > 
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always  be  kept  clean  by  rubbing,"  and  thus  the  clamp,  which  is  necessarily 
engendered  by  constant  scouring  with  soap  and  water,  is  done  away  with. 

Until  within  the  last  few  years  it  has  been  the  custom  to  cover  the  whole 
surface  of  our  floors,  whether  in  the  bitting  or  bed-rooms  of  our  houses,  with  carpetii 
fitted  carefully  to  every  angle  and  recess,  and  nailed  tightly  down  to  the  woodwork 
The  ordinary  cleaning  has  been  done  by  sweeping  over  the  surface,  by  which  a 
certain  amount  of  dust  and  fluff  has  been  removed  ;  but  by  far  the  greater  portion, 
after  helping  to  make  the  room  foul  for  a  while  with  clouds  of  filthy  particles  of 
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accumulated  dirt  held  in  suspense  in  the  air,  settles  again,  in  part  on  its  original 
resting-place,  and  in  part  on  every  piece  of  furniture  and  every  ornament  and 
projection  in  the  room,  necessitating  constant  labour  in  cleaning.  For  months  tins 
dust  and  dirt  has  been  left  to  accumulate  in  and  under  the  carpets,  the  floors 
never  being  washed,  and  the  carpets  never  properly  beaten  and  cleaned,  until  the 
usual  time  of  spring  or  autumn  "cleaning"  took  place,  and  thus  infinite  labour  has 
been  required  to  keep  the  rooms  fairly  dusted  and  pure. 

It  must  be  evident  that  the  accumulated  dirt  and  dust  materially  tend  to  keep 
the  rooms  stuffy  and  unhealthy,  for  it  could  hardly  be  expected  that  the  labour 
and  trouble,  not  to  say  expense,  of  unnailing,  taking  up,  and  relaying  the  carpet 
would  be  incurred  oftener  than  necessary,  and  thus  the  floors  themselves  became 
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fi";^oul,  and  unhealthy,  the  interstices  filled  with  putrefying  dirt ;  all  conducive 

'Tr^^:^^  taste  is  so  f.r  e«.cting  an  in.prove.ent,  inasmuch  as 
«fitld  '' civets  are  the  exception  and  not  the  r.de,  and  have  .™n  way  to  c^^^^^ 
square  carpets  or  scattered  rugs,  easily  removable  and  cleaned,  ^^^^ 
il  whole  of  the  floor-surface  being  thoroughly  washed  and  purified  lea  t  o^^^^ 
a  week  or  month,  while  the  side  portions  exposed  can  be  kept  clean  and  puie  by 
washing  over  each  day  with  a  damp  cloth.  <•  . 

In  no  room  or  passage  should  the  floor-covering  extend  over  the  whole  surtace , 


Angle  Cabinet  for  Papers  and  China,  Showing  Movable  Carpet. 


and  in  no  case  should  either  carpet  or  rug  be  laid  under  any  piece  of  furniture 
which  is  not  easily  removable,  so  as  to  admit  of  its  being  readily  taken  up  for 
frequent  bnishing  or  cleansing  outside  the  rooms. 

In  most  cases  the  wooden  floors  of  our  houses,  even  where  laid  in  the  most 
careful  manner,  are  liable  to  shrink,  so  as  to  leave  spaces  between  the  boards, 
through  which  dii-t  falls  and  remains  boxed  up  for  ever  in  the  spaces  between  them 
and  the  ceilings  under,  or  until  the  spaces  themselves  get  filled  up  with  soap  and 
dii-t  after  many  years.  Practically  we  must  not  wonder  that  there  is  generally 
a  close  and  unwholesome  smell  clinging  to  the  rooms,  no  matter  how  well  they 
are  ventilated,  owing  to  the  accumulation  of  decomposing  and  decomposed  filth 
in  the  interstices  of  the  boarding,  which  every  cleaning  only  increases  ;  while 
in  the  older  houses  the  floor-boards — which  are  always  wider  than  those  in  modem 
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btiildings — have  either  shrunk  or  got  worn  in  the  centre  so  as  to  leave  uneven 
surfaces,  Avhicli  all  tend  to  unhealthiness  by  tlie  spaces  thus  formed  for  accumulation 
of  dirt  and  dust. 

A  remedy  may  be  found  for  all  this  by  carefully  cleaning  out  all  the  dust 
spaces  I  have  refen-ed  to,  and  by  stopping  them  in  with  good  oil  putty,  and  then 
painting  in  four  or  five  coats  of  paint,  or  staining,  and  wax-polishing  the  whole 
surface  of  the  floors.  By  these  means  they  will  be  made  much  less  pervious  to  dust, 
and  there  will  be  no  spaces  left  for  its  gradual  accumulation  ;  the  dirt  and  dust 
will  be  much  more  readily  seen  on  its  surface,  whether  painted  or  polished,  and  the 
floors  generally  will  be  much  more  readily  cleaned. 

Thin  oak  parquet  may  be  laid  all  round,  or  even  all  over  the  floors,  where 
expense  is  no  object,  and  in  this  a  perfectly  impervious  and  easily-cleaned  sui-face 
may  be  obtained,  which  in  itself  will  naturally  be  more  lasting  than  paint  or 
varnish,  and  will  not  require  renewal  for  many  years.  I  believe  this  can  now  be 
laid  down  for  about  sixpence  to  eightpence  per  foot  super.  On  these  painted  or 
jDolished  surfaces,  squai'e  carpets,  rugs,  or  matting  can  be  laid,  the  borders  being  left 
clear,  so  as  to  form  a  pleasant  contrast.  The  saving  of  cost  would  be  considerable 
in  all  this  kind  of  treatment  of  floor-surfaces,  and  the  result  infinitely  more  artistic 
and  healthy. 

It  has  been  objected  that  rugs  laid  loosely  on  a  painted  or  polished  surface  are 
likely  to  be  dangerous  to  walk  upon,  and  to  slip  from  the  feet :  in  answer  to  this,  I 
can  only  say  that  I  have  used  them  for  fifteen  or  more  years,  and  have  found 
no  inconvenience,  and  if  the  objection  were  a  fair  or  reasonable  one,  it  could 
easily  be  remedied  by  pinning  the  rugs  down  with  half  a  dozen  large  brass 
carpet  pins,  which  could  be  taken  out  without  trouble  when  the  carpets  or  rugs  are 
taken  up  for  cleaning  purposes. 

We  all  know  the  amount  of  filth  and  dirt  which  is  knocked  out  of  a  carpet 
at  any  of  the  so-called  house-cleanings,  and  even  if  the  carpet  be  in  slips,  or  made 
in  some  fashion  so  as  to  be  readily  taken  up  and  shaken  once  a  week,  it  is  quite 
impossible  to  get  rid  entirely  of  the  dirt  and  dust  which  gradually  saturate  all 
woven  fabrics,  or  which  cling  to  their  rough  and  fluffy  surfaces.  In  the  bed-rooms, 
therefore,  all  such  floor-coverings  would  seem  to  be  especially  unhealthy,  and  it  is 
but  natural  to  suppose  that  these  soft  and  porous  surfaces  easily  receive  and  retain 
matters  which,  if  not  absolutely  dangerous  to  health,  are  adverse  to  the  proper 
sanitary  condition  of  the  rooms. 

In  rooms  where  cai^ets  are,  as  it  is  called,  "  fitted  "—that  is,  planned  to  the 
various  recesses  and  irregularities,  and  then  nailed  down— it  is  evident  that  for 
many  months  the  accumulation  of  dirt  and  dust  must  remain  undisturbed,  and 
the  mere  sweeping  and  brushing  of  the  surface  by  the  most  cleanly  servants  only 
raises  and  disturbs  the  eAal  for  awhile. 

I  am  strongly  in  favour  of  substituting  good  Chinese  or  Indian  matting  for 
carpets  in  the  sleeping-rooms  of  a  house;  as  they  must  manifestly  be  less  liable  to 
collect  and  hold  the  dust  and  other  impurities  which  cling  to,  and  become  ingrained, 
so  to  speak,  in  the  woolly  texture  of  a  carpet,  and  which  cannot  be  entirely  got 
rid  of  even  with  the  periodical  shakings  and  beatings  to  which  they  are  from  time  to 

time  subjected.  .  . 

The  smoother  surface  of  the  matting  is  much  less  susceptible  of  receiving  all 
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tins  dirt  and  its  glazed  surface  can  be  easUy  cleaned  over  with  a  damp  clotli, 
h e  g  e  al  tone  of  colouring  is  pleasant  and  agreeable,  and  although  perhaps  colder 
is  lruallyas  soft  to  the  fe^t  as  carpet ;  it  neither  absorbs  dirt  nor  moxsture  hke 
a  woolly  fabric,  nor  does  it  admit  of  particles  of  dust  becoming  ingrained  m  it 
as  in  carpet,  while  it  can  readily  be  cleaned  every  day  with  a  little  soap  ^  jnd 
water,  and  if  laid  down  in  strips  on  the  painted  or  varnished  floor,  can  be  lifted 
and  taken  up,  so  as  to  allow  of  the  whole  floor-surface  being  scrubbed  and 
washed  once  or  twice  a  week.  _ 

The  thick  Chinese  matting,  which  is  cool  and  pleasant  to  the  feet,  is  made  ol 
reeds,  and  iii  its  natural  colour  is  of  a  soft  greenish-white,  pleasant  to  the  eye 
and  decorative  as  a  simple  covering  on  a  dark-painted  or  stained  floor.  J. 
have  used  it  in  my  own  house,  and  so  far  as  I  can  judge,  it  does  not  get 
more  shabby  than  ordinary  carpet,  and  has  the  great  advantage  over  this 
material  of  being  easUy  removed,  and  not  being  retentive  of  dii-t  and  dust; 
it  can  be  obtained  in  difierent  shades  of  coloiu-,  red,  yellow,  green,  and  blue, 
the  various  tints  bemg  ^obtained  by  means  of  dyes  of  perfectly  harmless  character  ; 
the  cost  varies  from  3s.  6d.  a  square  yard,  and  it  is  thus  as  cheap,  if  not  cheaper, 
than  cai-pet.  In  its  manufacture  all  impurities  in  the  reeds  are  removed  in  the 
making,  the  matting,  after  beuig  woven,  being  dried  in  the  sun,  and  afterwards 
over  a  slow  fire  ;  the  material  can  be  obtained  in  lengths  or  in  square  mats 
about  nine  feet  long  by  six  feet  wide,  or  larger,  so  that  there  is  no  difficulty  in 
adapting  them  to  any  room  or  space. 

The  Manilla  matting  is  also  well  adapted  for  floor-covering  where  there  is 
no  gi-eat  amount  of  traffic  or  wear ;  this  is  made  from  the  fibre  of  the  wild 
plantain,  and  is  a  kind  of  hemp ;  the  delicate  silky  quality  of  the  material  is 
peculiarly  adapted  to  receive  all  kinds  of  dye,  and  many  of  the  specimens 
imported  into  this  country  are  very  decorative,  although,  unfortunately,  in  many 
instances,  the  influence  of  bad  design  is  apparent. 

Oil-cloth  and  linoleum  have  been  largely  used  for  floor-coverings  in  halls  and 
passages.  They  are  generally  utterly  bad  in  design,  being  made  with  patterns 
imitative  of  marble  or  tile  painting,  or  parquet  flooring,  and  when  laid  over  the  whole 
surface  of  wooden  floors  and  glued  down,  as  is  often  done,  tend  to  promote  dry 
rot  in  the  floors  by  hermetically  keeping  out  all  air  and  ventilation.  When  laid 
with  cement  or  other  material  so  as  to  fix  firmly  and  evenly  to  the  floor-surface, 
they  practically  destroy  it,  and  render  it  quite  unfit  for  any  future  painting  or 
staining. 

A  material  has  been  brought  out  called  "Lincrusta,"  which  will -be  found 
useful  for  wall  decoration,  more  especially  as  the  merit  of  keeping  back  damp 
in  walls  is  claimed  for  it ;  the  designs  are  generally  good  and  effective,  and  in  the 
stamped  and  painted  specimens  I  have  seen,  have  been  delicately  and  artistically 
treated  in  colour,  whereby  a  pleasant  and  decorative  eflect  is  produced ;  the  material 
is  well  adapted  for  the  lining  of  walls  and  staircases  in  dados  and  panelling,  and 
offers  none  of  the  objections  I  have  raised  to  its  use  for  floor-covering.  Linoleum 
may  safely  be  used  if  simply  laid  flat  over  the  central  portions  of  the  floor  and 
fastened  down  with  pins,  but  it  should  on  no  account  be  laid  over  the  whole  surface, 
or  allowed  to  be  fixed  down  with  cement.  In  many  instances  within  the  writer's 
knowledge  the  upe  of  it  as  an  entire  covering  has  been  the  means  of  bringing  dry 
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rot  in  the  wooden  floors,  especially  in  those  in  which  the  ventilation  underneath 
has  in  any  way  been  imperfect  or  insufficient.  There  are  now  many  kinds  of  linoleum 
which  are  not  printed  in  patterns  suggestive  of  other  materials,  and  for  hall  covering 
where  a  large  amount  of  wear  is  required  it  is  perhaps  better  than  any  other 
material ;  but  great  care  should  be  taken  not  to  allow  the  workmen  to  cover  the 
whole  surface,  or  to  put  it  down  with  cement  or  other  viscous  compounds  usually 
employed 
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CHAPTER  XXXII. 

THE  WALLS  AND  WALL-COVERINGS. 

Unartistic  Character  of  a  Monotonous  WaU— Advantages  of  a  Frieze— SimpUcity  of  Cornice— Painting 

— Papering — Distempered  and  Painted  Walls. 

To  my  mind  the  covering  of  the  waU-surfaces  of  our  rooms  from  floor  to  ceiling 
with  one  hue  of  paint  or  paper,  no  matter  how  good  it  may  be  in  colour  or  pattern, 
is  utterly  destructive  of  aU  artistic  feeling.  We  are  made  dependent  upon  any- 
thing in  the  shape  of  pictures,  prints,  or  photographs  to  break  up  and  enliven  the 
dreary  sameness  of  the  cold  walls.  We  shut  ourselves  up,  as  it  were,  in  a  box  with 
coloured  sides  and  a  whitened  top,  and  were  it  not  for  the  bits  of  life  given  by  the 
things  we  hang  on  the  sides,  we  might  almost  be  driven  mad  with  the  everlasting 
sameness  and  monotony,  whereas  all  this  can  so  easily  and  effectively  be  remedied 
by  the  adaptation  of  some  graceful  design  of  coloured  decoration,  and  by  breaking 
up  the  flat  surfaces  into  two  or  more  spaces,  filling  the  upper  space  with  some 
pleasant  decoration  in  stencil-work  of  festoons  of  flowers,  figure-panels,  or  arabesques 
of  conventional  character,  in  which  there  shall  be  at  least  some  semblance  of  bright 
and  artistic  colouring  and  drawing,  and  by  treating  the  lower  spaces  with  soft  and 
warm  general  tints,  which  may  either  serve  for  a  back-ground  for  pictures  or 
drawings,  or  be  sufficiently  effective  and  harmonious  in  its  jjattern  and  colouring  to 
do  without  either. 

In  ordinary  waU-surfaces  I  am  therefore  sti'ongly  an  advocate  for  dividing  the 
space  between  the  skirting  and  the  ceiling  cornice,  not  only  as  adding  to  the 
general  size  and  picturesque  appearance  of  the  room,  but  as  being  more  artistic  and 
effective.  Unless  the  ceiling  be  toned  in  colour,  the  effect  of  one  tone  of  colouring 
on  the  wall-surfaces,  no  matter  how  good,  is  generally  monotonous,  and  makes  much 
too  abrupt  a  division  between  the  wall  and  the  Avhite  mass  of  ceiling  overhead ;  in 
many  cases  this  abruptness  is  sought  to  be  broken  or  modified  by  elaborate 
toning  down,  and  what  is  called  "picking  out"  of  the  generally  bad  plaster 
cornices,  whereby  the  badly  disguised  and  moulded  ornament  is  made  more 
pronounced,  at  a  great  expense  and  to  the  manifest  damage  of  the  artistic 
appearance  of  the  room. 

No  cornice  should  be  "picked  out"  as  it  is  called ;  if  the  ornament  be  especially 
good  it  may  be  brought  into  relief,  like  Wedgwood  ware,  by  slightly  tinting  the  back- 
ground, but  generally  it  will  be  found  undesirable  to  do  more,  than  tone  down  the 
whole  cornice  so  as  to  harmonise  with  the  wall-covering  and  blend  it,  as  it  were, 
into  the  ceiling,  or  at  most  it  should  be  treated  with  two  or  three  colours  either 
harmonising  or  contrasting  distinctly  with  the  wall-colouring.  The  fashion  of 
"picking  out"  the  cornice  em-icliments  with  gold  and  many  colours  is  not  only 
offensive  to  the  eye  but  eminently  costly  and  artistically  objectionable  j  it  is  not 
desirable  to  frame  the  mass  of  white  ceiling  with  strong  colour  and  gilt  lines  so  as 
to  make  it  a  blank  picture  overhead,  nor,  to  my  mind,  is  it  in  good  taste  to  mark 
strongly  the  dividing-space  between  wall  and  ceiling.  ■  The  general  tone  of  the 
colouring  of  the  upper  portion  of  the  wall-surface  or  frieze  should  be  used  in  the 
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cormce  and  gmdually  lightened  off  to  meet  the  mass  of  white  or  slightly  relieved 
surface  of  the  ceiling;  strong  containing  lines  may  be  used  to  emphasise  or  mark 
the  junction  of  the  frieze  and  the  ceiling,  often  with  good  effect,  if  the  lines  be 
earned  also  onto  the  flat  ceiling-space  so  as  to  avoid  too  abrupt  a  finish. 

It  is  quite  certain  that  pictures  hung  above  a  certain  height  on  the  wall  are  not 
only  disagi-eeable  to  look  at,  and  are  imperfectly  seen,  but  unpleasantly  crowd  the 
surface  ;  and  for  this  reason  also  I  advocate  the  division  of  the  wall  into  two  spaces 
the  one  next  the  ceiling  being  made  as  a  broad  frieze  distempered  to  a  uniform  shade 
and  treated  with  good  figure  subjects  in  oil  or  stencil  decoration,  or  covered  with  a 
paper  of  some  "all  over"  pattern  of  much  lighter  tone  than  the  general  wall- 
surface  or  lower  portion  of  the  room. 

These  spaces  should  be  divided  by  a  small  moulcHng,  from  which  the  pictures 
may  be  hung ;  or  the  division  may  be  made  with  a  flat  wooden  rail,  two  or 
three  inches  wide  and  half  an  inch  thick,  and  finished  at  the  bottom  with  half  or 
three-quarter  inch  gas-piping  as  a  picture-rod ;  in  this  way  the  objectionable  lines 
of  wire  or  cord  hanging  down  from  the  top  of  the  room  will  be  avoided,  and  the 
taking  down  of  the  pictures  for  dusting  or  cleaning  be  made  much  more  easy  than 
when  hung  from  rods  placed  immediately  under  the  cornice,  and  so  high  that  they 
cannot  be  reached  except  by  the  aid  of  a  pair  of  steps.    I  would  here  venture  to 
protest  against  the  coarse  and  vulgar  character  of  most  picture-frames,  which  with 
broad  top  surfaces  and  mass  of  unmeaning  and  generally  bad  plaster  ornament 
help  to  collect  dust  and  dirt,  which  rarely  gets  properly  cleaned  off.    If  the  enclosing 
frame  of  a  picture  must  be  broad  and  massive,  I  cannot  see  why  it  should  not  be 
formed  of  some  well-designed  moulding  with  the  top  surface  splayed  back  mth  simple 
mouldings  towards  the  wall,  so  as  to  do  away  as  far  as  possible  with  a  large  dust- 
collecting  surface  at  the  top ;  nor  do  I  see  any  reason  why  the  frame  should  be  a 
mass  of  tinsel  gold,  which,  in  I'ooms  where  gas  is  used,  soon  becomes  tarnished  and 
dirty.    It  is  hopeless  to  discuss  the  manifold  evils  and  discomforts  which  arise  from 
the  filthy  gas  which  is  supplied  by  gas  companies  for  lighting  our  rooms ;  we  can 
only  trust  that  electric  lighting  may  ere  long  take  its  place  in  our  houses  and  in  our 
streets,  and  thus  once  and  for  all  get  rid  of  the  terrible  effects  arising  from  the 
present  system  of  lighting.    The  filthy  compound  which  is  supplied  to  us  nowadays 
not  only  tends  to  destroy  everything  in  our  rooms,  but  seriously  affects  our  health 
and  comfort,  engendering  heat  and  foulness  of  atmosphere,  which  no  amount  of 
ventilation  can  effectually  get  rid  of. 

The  proportion  which  the  upper  space  shall  bear  to  the  lower  must  of  course 
depend  upon  the  heights  of  the  various  rooms,  but  there  will  be  no  difficulty  in 
determining  this  if  a  piece  of  wood  or  moulding  is  "offered  up"  or  laid  along  the 
wall  surface  and  lowered  or  raised  until  the  proper  proportion  of  the  division  is 
arrived  at.  The  illustration  facing  the  preceding  page,  mainly  designed  to 
show  some  appropriate  furniture,  shows  the  usual  proportion  of  such  a  frieza 
The  general  proportion  may,  as  a  rule,  be  taken  as  three  to  one ;  that  is  to  say, 
the  upper  space,  or  frieze,  including  the  cornice,  should  occupy  about  one-fourth  of 
the  whole  height  of  the  room.  In  dining-rooms,  where  the  chairs  are  generally, 
when  not  in  use,  placed  against  the  walls,  a  chair-rail  is  essentially  usefid  to  protect 
the  walls  from  being  chipped  or  damaged.  This  can  be  made  to  help  the  decoration 
of  the  room  by  forming  what  is  called  a  "  dado."    This  dado,  or  lower  space,  should 
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be  painted  and  varnished,  so  as  to  be  easily  cleaned,  and  the  rail,  or  moulding, 
should  be  of  sufficient  projection  to  keep  the  backs  of  the  chairs  from  touching  the 
walls.  As  a  further  protection,  a  small  angle  fillet  should  be  nailed  on  to  the 
floor  next  the  skirting,  to  keep  the  back  legs  from  scratching  or  chipping  the  painted 
skirting. 

The  methods  generally  employed  in  finishing  the  wall-surfaces  of  rooms  are 
painting,  papering,  and  distemper.  Without  discussing  here  which  is  the  better 
method  to  use,  it  is  well  to  remember  that  paper,  by  its  very  nature  and  material, 
is  naturally  more  absorbent  than  paint  or  distemper ;  holds  damp,  and  is  liable  to 
be  saturated  with  and  to  retain  moisture,  more  than  either  paint  or  distemper ; 
so  naturally  to  a  certain  extent  increasing  the  unhealthiness  of  the  rooms.  Paint, 
on  the  other  hand,  if  finished  in  the  ordinary  way,  has  an  unpleasant  glaze  or 
gloss,  which  shows  all  imperfections  on  the  wall,  and  by  its  non-absorbent  surface  is 
liable  to  become  smeared,  and  to  show  readily  condensation  in  damp  weather,  if 
used  for  wall-surfaces.  As  a  background  for  pictures  it  should  be  "  flatted,"  or 
finished  with  a  large  proportion  of  "  turps."  Distemper  is  liable  to  appear  damp 
in  wet  weather  by  absorbing  and  retaining  the  dampness  of  the  surrounding 
atmosphere,  and  to  become  spotty  in  appearance  ;  and  unless  a  house  is  thoi-oughly 
dry  and  kept  well  aired  the  distemper-work  is  liable  to  fly  and  dry  out  in  a  patchy 
manner,  which  gives  the  wall  an  uneven  and  disagreeable  appearance  ;  but  this,  as 
a  rale,  will  only  occur  when  the  rooms  are  shut  up  for  any  period,  and  are 
insufficiently  aii-ed.  It  is  hardly  necessary  to  say  that  both  distemper  and  paper 
are  likely  to  suffer  materially  if  the  rooms  remain  for  any  length  of  time  un- 
inhabited, or  proper  attention  is  not  paid  to  the  warming  and  ventilation  of  the 
house  in  damp  weather.  For  ordinary  rooms,  therefore,  paper  is  more  cheerful  and 
warm  in  its  general  appearance,  and  more  suitable  than  paint  for  ordinary  wall- 
surfaces  where  the  plaster-work  is  not  perfectly  trae  and  smooth.  The  general  basis 
of  most  painted  surfaces  is  white  lead  paint,  which  may  perhaps  be  looked  upon  as 
the  best  protective  covering  to  wood  or  plaster-work  ;  when  exposed  to  the  fumes  of 
sulphur  compounds  such  as  are  evolved  from  decaying  vegetable  matter,  or  sewer 
emanations,  it  becomes  dark  and  causes  an  eruption  of  black  spots,  as  may  often  be 
noticed  in  the  external  painting  of  many  basement  storeys  in  town  houses.  Lead 
paint  is  coloured  by  Ihe  addition  of  various  staining  or  colouring  pigments.  Great 
care  should  be  taken  in  its  use,  as  it  is  very  liable  to  be  absorbed  in  the  system 
through  the  pores  of  the  skin,  and  to  produce  a  kind  of  paralysis,  as  well  as  the 
complaint  generally  known  as  "painters'  colic."  How  far  green  paint  is  injurious 
to  health  I  camiot  pretend  to  say,  nor  does  this  pai-t  of  the  subject  enter  into 
the  scope  of  this  paper,  but  I  strongly  advise  the  use  of  compound  greens,  such 
as  those  whicli  are  made  up  of  blue  and  yeUow  pigments,  in  place  of  those 
which  are  produced  from  copper  and  arsenic,  and  wluch  although  said  to  be 
more  durable,  are  certainly  more  dangerous,  especially  when  used  in  wall-papers 
or  distemper;  emerald-green  and  verdigris  ai-e  especially  unsuitable  for  this 
reason.  There  are,  however,  so  many  almost  equally  good  greens  which  are  perfectly 
hannloss,  and  so  many  ways  of  making  good  decorative  tints  of  this  shade  by 
the  mixing  of  various  otlier  colours,  that  it  is  not  to  be  supposed  that  <n-een  is 
lu  any  way  to  be  treated  as  a  forbidden  colour.  * 

Tt  is^not  part  of  the  purpose  of  this  article  to  enter  into  the  vexed  question  of 
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arsenical  colouring ;  but  it  may  be  mentioned  here  that  green  is  not  the  only  tint  in 
which  arsenical  colouring  is  to  be  feared.  I  believe  that  lilac,  certain  shades  of 
blue,  pmk,  and  French  grey  all  contain  arsenic  to  a  certain  extent,  although,  on  the 
other  hand,  all  good  manufacturers  nowadays  are  careful  to  avoid  the  use  of  arsenic 
in  any  of  the  colouring-matter  of  their  papers,  whether  green  or  any  other  tint,  and 
in  selecting  from  the  patterns  of  any  good  well-known  firms,  and  indeed  from  those 
of  any  first-class  manufacturer,  the  customer  may  be  fairly  certain  that  this  most 
unhealthy  ingredient  forms  no  portion  of  the  colouring-matter  in  the  papers  ofi"ered 
for  his  selection.  This  dangerous  pigment  is,  I  believe,  now  generally  discarded 
by  every  good  manufacturer,  and  the  soft  greens  and  blues  which  form  some  of 
the  most  artistic  paper  coverings  of  the  present  day  may  fairly  be  said  to  be  entirely 
free  from  it.  This  matter,  however,  Avill  be  more  fully  dealt  with  in  a  subsequent 
chapter. 

In  all  decoration  great  care  is  necessary  in  the  proper  selection  and  mixing  of 
the  various  ingredients  in  accordance  Avith  the  nature  of  the  material  to  be 
covered,  and  the  general  appearance  required  in  the  Avork  when  completed. 
Delicate  tints  require  colourless  oil,  while  flatted  surfaces  must  have  no  oil  at 
all,  or  it  will  give  an  unpleasant  sheen  or  gloss.  In  all  good  outside  work  boiled 
oil  should  be  used,  as  it  weathers  better  than  raw  oil;  and  turps  or  turpentine 
should  be  avoided  as  much  as  possible,  as  it  evaporates  and  does  not  last,  although 
a  little  is  necessary  to  prevent  the  paint  blistering. 

All  internal  woodwork  should  be  treated  in  flat  tones  of  colour  and  varnished ; 
the  surface  thus  treated  is  easily  cleaned  and  wears  much  better  than  when 
left,  as  is  usually  the  case,  unvarnished.  It  is  essential  for  health's  sake  to 
carefully  consider  all  these  points ;  a  little  extra  expense  in  varnishing  the 
painted  surfaces  of  doors,  shutters,  and  the  general  joiner's  work  in  a  room  will 
make  the  house  much  more  healthy,  and  by  the  protective  quality  of  the  varnish 
save  in  the  long  run  much  labour  and  expense  in  re-painting. 

Paper  must  necessarily  be  used  for  the  ordinary  covering  of  wall-surfaces,  as 
being  the  most  inexpensive  manner  of  decoration  which  we  have,  and  some  of  the 
patterns  now  made  are  highly  artistic  and  good  in  design  and  colouring,  and  are 
ofiered  to  the  public  at  a  very  small  cost.  It  depends  upon  the  chooser  whether  the 
wall-surface  shall  show  a  mass  of  meaningless  and  vulgar  ornament,  or  whether  it 
shall  be  pleasant  in  design  and  colouring. 

As  a  rule,  the  most  inexpensive  papers  are  the  best — quiet  in  colouring,  gene- 
rally good  in  design,  and  free  from  glaring  patterns  or  spottiness  of  treatment. 
For  three  or  four  shillings  per  piece  it  is  possible  to  select  a  paper  which  shall  not 
only  be  in  itself  pleasant  and  artistic  in  colour,  but  suitable  in  every  way  as  a  back- 
ground for  prints  or  pictures,  lighting  up  well  by  day  and  night,  and  sufficiently 
good  in  texture  and  quality  to  last  for  years. 

Most  of  these  papers  can  be  cleansed  easily  with  bread-crumb,  and  oflPer  no  surface 
projection  for  the  lodgment  of  dust. 

Many  of  the  flock  papers  now  made  are  especially  beautiful  in  design,  but  they 
are,  to  my  mind,  quite  unfitted  for  the  wall-surfaces  of  a  room.  The  patterns  stiuid 
out  in  relief,  and  offer  innumerable  spaces  for  dust  and  dirt,  while  the  general 
fluffy  nature  of  the  material,  practically  powdered  wool,  renders  it  more  absorbent 
and  therefore  more  unhealthy,  and  the  surface  holds  dust  and  dirt  to  a  much  larger 
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degi-ee  than  the  ordinary  printed  papers,  thus  tending  to  a  stufiy  and  unwholesome 
feeling,  which  is  essentially  at  variance  with  all  laws  of  health  and  comfort.  Stamped 
papers,  in  which  the  pattern  is  raised  in  relief,  offer  the  same  objections  in  a  minor 
degree,  as  the  surface  is  smooth  and  can  be  readily  cleansed ;  and  in  the  case  of  the 
imitation  leather  papers,  the  surface  is  varnished,  and  can  be  readily  gone  over  with 
a  damp  cloth  without  injury.  These  papers  can  be  well  used  for  the  dados  of  rooms 
or  for  frieze  decoration,  and  as  such  are  exceedingly  effective,  although,  of  course, 
from  the  very  nature  of  the  manufacture,  much  more  expensive  than  plain  painting 
and  varnishing. 

In  bath-rooms  and  water-closets  it  is  most  desirable  that  the  wall-surface  shall  be 
as  non-absorbent  as  possible,  and  paper,  unless  varnished  over,  should  generally  be 
avoided,  and  when  used  should  be  of  some  plain,  simple  pattern,  and  not  a  bad 
imitation  of  tiles  or  marble.  The  best  kind  of  covering  for  all  these  places  is  plain 
buff  or  grey  glazed  tiling,  which  can  be  put  up  at  moderate  cost,  and  by  its  general 
cleanliness  and  non-absorbent  quality  adds  materially  to  the  comfort  and  cleanliness 
of  the  house. 

To  my  mind  it  is  very  undesirable  to  choose  papers  which  are  very  "pronounced" 
in  colour  or  design,  and  extravagant  in  price,  as  for  a  few  shillings  per  piece  good 
decorative  and  well-designed  papers  can  be  obtained,  and  can  be  easily  renewed 
at  small  cost,  when  the  more  extravagant  paper  would  practically  prevent,  on  the 
score  of  expense,  any  change.  I  have  before  me  as  I  write  a  pattern-book  of 
exceedingly  well-designed  papers,  all  printed  in  two  shades  of  pleasant  colouring — 
light  grounds  with  darker-toned  pattern,  suitable  for  almost  any  room,  and  well 
adapted  as  backgrounds  for  pictures,  all  varying  in  price  from  one  shUling  to  thi-ee 
shillings  a  piece. 

There  are  now  so  many  good  paper-hangings  made  at  a  moderate  price,  that 
the  selection  of  a  really  good  artistic  paper,  good  in  general  tone,  design,  and 
colour,  is  no  longer  a  difficult  task ;  the  designs  are  for  the  most  part  good  and 
well  drawn,  and  the  colouring  harmonious  and  pleasing ;  in  some  of  the  designs 
there  is  a  striving  after  quaintness,  eccentricity,  and  a  spottiness  of  colouring,  to 
be  avoided. 

Papers  in  patterns,  in  books  or  in  small  pieces,  look  very  different  when  hung, 
in  mass  upon  the  waUs,  and  great  care  therefore  is  necessary  in  their  selection.' 
It  IS  well  to  first  of  all  select  two  or  three  patterns  which  seem  the  most 
suitable  for  the  particular  rooms  in  which  the  papers  are  to  be  hung,  and  then 
to  get  "pieces"  or  long  lengths  of  each,  and  have  them  tacked  on  to  the  wall  so 
that  the  effect  and  general  tone  may  be  seen  in  day  and  gas-light  j  for  many 
papers  that  look  weU  in  the  day-time  are  anything  but  pleasant  at  night,  while 
some  of  the  darker-toned  papers  absorb  so  much  light,  that  when  hung  it  may 
be  iound  that  the  lighting  arrangement  in  the  room  is  altogether  insufficient. 

_  A  good-proportioned  and  otherwise  well-designed  room  is  often  absolutely 
rmned  by_  the  bad  taste  shown  in  the  waU-covering,  for  which  there  can  now 
be  no  possible  excuse.  A  paper  which  may  be  hung  in  a  dining-room  is  generaUy 
dark  r'^'^'f drawing-room  or  a  lady's  boudoir;  the  one  a  quiet 
aarj,  tone  of  paper  is  required  as  a  back-ground  for  prints  or  pictures,  whHe  in 
he  draw  ng-room  the  wall-covering  may  be  much  more  decorative  in  its  reltmLT 
BO  as  to  help  the  general  decoration  of  the  room.    As  a  rule  it  is  betterT  pint 
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than  paper  the  walls  of  a  dining-room,  the  less  absorbent  qualities  of  a  painted  wall 
being  better  for  a  room  in  which  the  fumes  of  dinner  are  likely  to  cling  and  last 
longer  when  the  walls  are  papered ;  if,  however,  the  walls  be  painted  tliey  should  be 
finished  with  a  flatting  coat,  so  as  to  take  ofi"  the  gloss  which  I  have  before  described. 

I  may  here  mention  that  a  good  deal  of  illness  often  arises  from  the  bad 
nature  of  the  size  and  paste  with  which  the  ordinary  wall-papers  are  hung,  and 
great  care  should  be  taken  that  no  such  inferior  and  practically  stinking  materials 
are  allowed. 

M.  Vallin  in  the  Revue  d'Hyyiene  reports  an  instance  of  the  danger  of 
this  use  of  putrid  size  and  paste.  "A  lady,  who  from  time  to  time  came  to 
supervise  the  decoration  of  her  houses,  was  three  times  successively  seized  with 
violent  sickness  and  headache,  after  sleeping  in  a  newly-pa|  red  room.  M.  Yallin 
was  struck  with  the  putrefactive  odour  which  pervaded  the  atmosphere,  and  after 
examining  into  the  matter,  came  to  the  conclusion  that  it  proceeded  from  the  wall. 
It  was  found  that  a  horrible  putrefactive  odour  proceeded  from  the  size-pot,  with 
which  the  paper-hanger,  in  the  next  room,  was  continuing  to  hang  the  wall-papers, 
and  that  his  size  was  in  a  state  of  putrefactive  change.  Oh  making  further - 
inquiries,  various  other  cases  have  come  under  his  notice  in  which  illness  has 
palpably  been  produced  by  the  use,  by  paper-hangers,  of  size  and  paste  undei-going 
or  speedily "  entering  on  septic  change ;  and  it  is  extremely  desirable  that  this 
should  be  borne  in  mind,  and  if  necessary,  a  little  oil  of  cloves,  salicylic  acid,  or 
some  other  anti- septic  agent  should  be  added  to  the  material  which  they  use  for 
this  purpose,  or,  at  any  rate,  care  should  be  taken  to  avoid  those  disagreeable  con- 
sequences of  carelessness,  which  is  only  too  common." 

It  is  h..rdly  necessary  to  point  out  how  requisite,  for  health's  sake,  it  is  that 
every  bit  of  old  paper  should  be  cleaned  off"  the  wall  before  any  new  pajaer  is 
put  on ;  as  not  only  does  the  paste  of  the  old  pa23ering  often  decompose,  and  become 
in  itself  injurious  to  health,  but  each  covering  of  paper  only  adds  to  the  absorbent 
nature  of  the  walls,  and  helps  to  increase  therefore  the  unhealthiuess  and  stuffiness  of 
the  room. 

Before  any  new  papering  is  put  on,  the  walls  should  be  thoroughly  scraped 
and  washed  down,  to  free  them  from  the  old  paper  and  paste,  and  then  be 
coated  with  size  before  the  new  paper  is  put  on.  There  are  various  kinds  of 
papers  now  manufactured  which  are  said  to  be  easily  washable  and  to  be  noi> 
absorbent,  and  thus  to  resist  the  contagion  of  infectious  disorders,  but  I  should 
imagine  that  it  would  scarcely  be  safe  to  trust  to  the  1^o?^  absorbent  qualities  of 
any  paper-hanging,  and  that  after  a  case  of  infectious  disease  the  walls,  ceilings,  and 
paint  should  be  thoroughly  cleaned  and  renewed. 

Various  papers  are  specially  susceptible  of  damp,  and  should  be  avoided 
as  much  as  possible.  Amongst  these  are  what  are  called  satin  papers,  or  those 
which  have  a  glazed  or  polished  surface  like  the  French  imitation  satin  or  moire 
silk  papers  ;  these  are  to  my  mind  not  only  undesii-able  for  this  cause,  but  also  on 
the  ground  of  good  taste  and  good  art ;  equally  with  those  papers  which  are  made 
in  imitation  of  willow-pattern  plates,  tUes,  or  marble ;  for  when  really  good  deco- 
ration, or  plain  pattern  papers,  suited  to  every  taste,  can  be  obtained  at  moderate 
cost,  there  is  surely  no  reason  for  encouraging  shams  of  any  kind  either  in  wall 
decoration  or  painting. 


WALLS  OF  BED-EOOMS  AND  BASEMENTS. 


343 


There  is  a  wall-covering  manufactured  consisting  of  a  mixture  of  linseed  oil  and 
fibre,  on  which  the  ornamentation  is  stamped  by  machinery  in  low  relief,  suggestive 
of  stamped  leather-work,  and  sufficiently  low  in  relief  as  not  to  oflfer  any  great 
amount  of  raised  surface  for  the  lodgment  of  dust.  As  practically  it  consists  of  a 
thick  fabric  of  oxidised  oil,  it  may  fairly  be  said  to  be  damp-resisting  and  lasting ; 
and  when  painted  it  forms  an  excellent  covering  for  the  wall-surface  of  a  hall  ot 
staircase,  as  from  the  nature  of  its  composition  it  is  less  likely  to  be  damaged  than 
paint,  paper,  or  other  hard  surface,  being  to  a  certain  extent  elastic,  and  therefore  not 
likely  to  be  damaged  by  the  blows  or  other  accidents  incidental  to  the  moving  of 
boxes  and  furniture  in  the  highways  of  a  house. 

I  cannot  advocate  too  strongly  the  greater  use  of  distemper  c'olouring  for  the 
walls  of  nurseries  and  bed-rooms,  where  for  health's  sake  the  wall-covering  should 
be  changed  as  frequently  as  possible,  for  with  the  greatest  amount  of  care  and 
cleanliness  it  must  be  evident  that  the  absorbent  nature  of  paper  must  necessarily 
cause  it  to  retain  a  certain  proportion  of  the  deleterious  atmosphere  which 
cannot  well  be  avoided  in  ordinary  i-ooms  where  no  special  provision  is  made 
for  the  ingress  of  fresh  and  the  egress  of  foul  air. 

Bed-rooms  especially  become  tainted  after  a  time  by  the  impure  air  which  is 
engendered  during  the  long  hours  of  night,  when  the  rooms  are  closely  shut  up, 
and  in  times  of  illness;  and  thei-e  is  no  really  effective  way  of  getting  rid  of 
this  tainted  and  unwholesome  smell  except  by  changing  the  wall-covering  as 
frequently  as  possible,  certainly  at  least  once  in  every  two  years ;  distemper, 
therefore,  for  all  such  rooms  becomes  invaluable,  for  it  can  be  washed  off  and 
redone  in  a  few  hours  at  a  comparatively  small  expense,  and  the  colouring  may 
be  as  bright  and  cheerful  as  desired ;  the  walls  thus  treated  are  not  only  much 
more  healthy,  but,  to  my  mind,  infinitely  better  than  when  painted  or  papered, 
being  free  from  any  specific  pattern  and  spottiness,  which  have  anything  but 
a  soothing  tendency  to  those  who  may  be  suffering  from  illness  or  over-fatigue  and 
taxation  of  the  brain;  and  although  the  pigments  used  in  the  various  colours  are. 
practically  the  same  as  those  used  for  paints,  the  colouring-matter  is  much  less,  and 
common  whiting  is  used  as  a  basis  instead  of  white  lead  or  zinc  white. 

The  basement  should  on  no  account  have  paper  in  any  of  the  rooms,  as  it  is 
obvious  that  the  surface  of  the  walls  should  be  frequently  washed  down  and  cleaned 
of  all  impurities.  This  can  be  done  at  a  comparatively  small  cost  if  distemper 
colouring  be  used ;  and  the  kitchen  and  offices  in  which  our  servants  necessarily 
spend  so  large  a  portion  of  their  time  may  thus  be  made  cheerful,  bright,  and  healthy. 
All  woodwork  throughout  the  house  should  be  varnished,  so  as  to  be  readily  cleaned 
with  a  damp  cloth  without  damage  to  the  paint. 

The  wall-spaces  of  rooms  thus  treated  can  be  divided  as  suggested  for  papered 
walls,  and  two  colours  or  two  different  shades  of  colour  used  for  the  upper  and 
lower  spaces,  by  which  a  pleasant  and  artistic  effect  may  be  obtained ;  ornament 
inay  be  easily  added  in  stencil-work  or  simple  lines.  The  accompanying  illustra- 
tion exhibits  the  effect,  though  chiefly  designed  to  show  the  plan  of  the  wardrobe 
with  top  cupboards,  as  explained  further  on.  Too  great  care  cannot  be  taken  in  the 
selection  of  colours,  whether  in  paint,  paper,  or  distemper,  so  that  they  be  pleasant 
and  harmonious,  nob  glaring  and  vulgar,  and  with  no  startling  contrasts  or  effects 
which  are  offensive  to  the  eye. 


344 

OUR  HOMES. 


CHAPTER  XXXIII. 

FURNITURE  AND  FURNISHING. 

Specially  designed  Furniture— May  be  Clieap— How  to  Furnish  a  Dining-room- Bed-room  Furniture- 
Evils  of  Flat  Tops  to  Wardrobes— Truthfulness  v.  Sham— Minor  Fittings. 

In  furnislung  a  liouse,  it  is  well  to  consider  beforehand  whether  the  recesses  and 
window-spaces  cannot  be  utilised  for  ottomans  or  hanging  cupboards,  and  so  save 
lumbering  or  overcrowding  the  rooms  vnth.  expensive  movable  fittings,  more  or  less 
ill  adapted  for  their  purposes  ;  and,  under  all  circumstances,  the  larger  items  of 
furniture  will  be  found  much  more  useful  and  satisfactory  if  they  are  made  specially 
to  suit  individual  requirements. 

To  quote  a  common-sense  and  practical  article  from  Blackwood's  Magcizim  on 
"  The  Arts  in  the  Household,"  by  Mr.  Beavington  Atkinson,  a  gentleman  who  has 
done  much  to  foster  and  promote  the  more  genei-al  use  of  artistic  culture  in  every- 
day life  : — "  In  a  house,  as  in  a  picture,  above  all  things  shun  crowded  medleys  of 
mediocre  or  common  forms  as  you  would  the  unkempt  rabble  of  democracy.  Strive 
against  scattered,  small,  trivial,  and  frivolous  effects.  Even  a  mantelpiece  may, 
by  its  purposeless  and  silly  baubles,  bespeak  a  childish  intellect ;  each  portion  of  a 
house  should,  as  far  as  may  be,  receive  the  study  due  to  each  component  part 
in  a  deliberate  pictorial  composition.  In  fine,  the  whole  jJi'oblem  of"  (decoration 
and)  "  furnishing  may  be  summed  up  in  the  three  words — form,  colour,  composition 
— terms  known  by  every  painter  to  comjirise  the  whole  world  of  art."  The  writer 
completes  his  article  by  insisting,  as  I  do,  "  that  domestic  arts  of  decoration^ 
however  multiplied,  scattered,  or  disordered,  are  not  many  arts,  but  one  art  vmited 
under  common  principles,  and  governed  by  broad  generic  laws  ;  and  finally,  that 
the  problem  of  how  best  to  decorate  and  fui'nish  a  dwelling,  finds  a  solution  in  the 
application  to  domestic  uses  of  the  few  fundamental  prmciples  which  preside  over 
the  master-arts  of  architecture,  sculpture,  and  painting." 

The  different  sketches  which  illustrate  this  article  represent  various  pieces  of 
furniture  specially  designed  for  special  purposes,  some  of  them  combining  different 
articles  of  ordinary  furniture,  so  as  to  be  useful  for  several  purposes.  The  full- 
page  illustrations  show  suggestions  for  fitting  up  a  small  dining-room,  where  the 
usual  lumbering  sideboard  would  occupy  too  much  space;  for  a  small  bufi'et, 
with  bookcase  and  top  cupboards  for  papers,  and  for  a  large  wardrobe,  combining 
with  it  drawers  and  boot  cupboard.  The  vignette  drawings  show  suggestive  designs 
for  various  small  pieces  of  furniture,  Avhich  can  be  adapted  for  almost  any  purpose. 
They  have  all  been  made  for  me  by  an  eminent  firm,  in  good  sound  deal,  painted,  to 
show  that  simple  and  useful  designs  can  be  worked  out  in  an  inexpensive  manner, 
and  that  it  is  not  necessary  that  specially  designed  furniture  need  in  any  way  be 
costly.  One  of  the  small  sketches  shows  a  hanging  cupboard  specially  designed  for 
bed-room  purposes.  The  drawers  and  cupboards  are  intended  for  medicine  bottles 
and  the  other  desiderata  which  no  good  housewife  is  ever  without,  the  shelf  for 
books,  and  the  whole  is  suggested  to  be  hung  on  the  wall  near  to  the  head  of 
the  bed,  with  a  simple  writing-table  under,  an  obvious  requirement  in  most  houses 
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where,  to  a  certain  extent,  the  bed-room  is  made  a  sitting  or  private  retirmg  room. 
The  small  mantelpiece  and  grate  were  designed  by  me  as  cheap  substitutes  for  the 
vulf'ar  and  commonplace  box  mantels  and  register  stoves  usually  provided  in  the 
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inferior  rooms  of  a  house.  The  grate  costs  from  thirty  to  forty  shillings,  according 
to  its  size,  and  the  mantelpiece,  with  tiles  and  marble  complete,  under  five  poiiuds. 
The  grate  has  fire-lump  sides  and  back,  the  latter  made  at  an  angle  to  throw  as 
much  heat  into  the  room  as  possible,  and  to  secure  at  the  same  time  a  good  upward 
current  to  prevent  smoky  chimneys.  The  grate  is  so  far  successful  that  it 
accomplishes  both  these  objects.    The  mantelpiece  is  made  in  various  woods,  and  to 
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my  mind  is  a  pleasanter  and  more  artistic  object  in  a  room  than  the  usual  boxed 
marble  abomination,  with  its  sham  trusses  and  false  and  flimsy  construction. 

If,  instead  of  the  usual  haste  with  which  most  people  rush  at  furnishing  or 
decorating  their  houses,  seeking  to  choose  in  a  few  hours  the  whole  of  the  fittings 
for  the  various  rooms,  a  little  more  tliought  and  care  were  to  be  bestowed  on  the 
selection  of  the  various  pieces  of  furniture,  and  as  to  their  adaptability  and  fitness 
for  their  special  purposes,  there  would  be  less  useless  lumber  in  our  houses,  and 
more  comfort  and  artistic  character  in  the  fittings ;  for  I  hold  that  every  piece  of 
furniture  not  intended  simply  for  ornament  should  be  arranged  for  its  special  use, 
adaptable,  of  course,  for  various  purposes,  but  fitted  and  planned  as  far  as  practic- 
able to  tlie  walls,  spaces,  and  sizes  of  the  room  it  is  to  occupy. 

I  have  been  told  that  all  this  kind  of  advice  and  argument  is  absurd;  that  when 
people  want  to  furnish,  they  have  no  time  to  wait  for  designed  furniture,  but  must 
get  everything  done  as  rapidly  as  possible,  and  the  house  put  in  order  for  occupa- 
tion ;  that  it  is  better  to  buy  the  usual  sets  of  dining  or  bed-room  furniture,  no 
matter  how  ill-suited  they  may  be  for  the  rooms  they  are  to  occupy,  than  think 
carefully  first  of  all  as  to  the  special  purj)oses  for  which  they  may  be  required, 
so  long  as  they  can  be  bought  out  of  hand. 

A  vast  amount  of  utterly  useless  lumber  is  crowded  into  rooms  without  any 
regard  to  its  use  or  appropriateness,  flimsily-made  chairs  hardly  fit  to  bear  the 
weight  of  a  child,  gimcrack  tables  quite  unfitted  to  carry  any  weight,  useless 
cabinets  with  circular  corners,  enclosed  with  glass  to  the  flooi'-level,  as  if  anything 
worth  seeing  would  be  put  to  be  seen  at  the  level  of  our  feet,  and  a  mass  of 
trashy  ornaments  of  inartistic  and  common-place  character,  bought  seemingly  to 
fill  up  the  cabinets  or  to  decorate  the  mantel-shelves.  Many  pounds  are  wasted 
in  trash  of  this  kind  where  the  same  money  would,  if  properly  expended,  buy 
some  really  useful  or  artistic  piece  of  furniture.  But  if  our  houses  are  to  be 
treated  as  shops,  and  to  be  "stocked"  complete  before  being  opened,  it  can 
hardly  be  expected  that  there  will  not  be  a  large  amount  of  utterly  useless  and 
inartistic  rubbish  brought  into  them. 

Common  thought  and  common  sense  do  not  seem  to  be  necessary  elements 
in  buying  furniture,  as  they  are  in  other  matters  connected  Avith  daily  life,  and 
the  result  is  too  often  the  filling  of  our  homes  \\ath  fittings  which  may  look  well 
enough  in  a  show-room,  but  wliich,  when  we  get  them  home,  are  fomid  to  be  more 
or  less  unsuitable  and  incongruous. 

A  good  many  people  buy  ready-made  clothing,  and  I  dare  say  some  of  them 
get  tolerably  well  fitted,  but  I  fancy  most  sensible  people  choose  their  own  cloth 
and  colours,  and  have  their  clothing  made  to  suit  them,  and  adapted  for  particular 
seasons  and  purposes  ;  Avhy  not  apply  the  same  common  sense  and  taste  to  the 
furnishing  of  a  house  ?  It  is  all  very  well  to  say  that  almost  any  kind  and  character 
of  fittings  can  be  bought  nowadays,  but  so  far  as  my  experience  goes,  most  of  the 
furniture  offered  to  us  is  made  after  some  particular  fashion,  good,  bad,  or  iiidif- 
ferent,  without  reference  to  its  suitability  for  the  place  each  piece  may  have  to 
occupy,  with  all  kinds  of  expensive,  and  utterly  unnecessary  "  trimmings  "  in  the 
shape  of  carving,  notching,  or  constructed  ornament,  and  without  regard  or  thought 
as  to  its  providing  inaccessible  ledges  and  resting-places  for  dirt  and  filth  of  all 
sorts, 
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Any  one  about  to  farmsh  is  obliged,  as  a  rule,  to  buy  the  goods  that  may  be  in 
stock,  ajul  to  make  the  best  of  them,  without  reference  to  their  suitability  for  any 
special  requirements,  and  the  result  of  all  this  is  that  most  modern  rooms  are  very 
much  alike,  except  that  perhaps  there  may  be  some  distinctive  diflFerence  in  the 
design  and  elaborateness  of  the  furniture,  according  to  the  means  and  taste  of 
the  purchaser  :  a  dining-room  is  fitted  up  with  the  usual  centre  table,  a  dozen  or 
more  chairs,  and  a  wall  buffet  or  sideboard  fitted  with  the  usual  cellaret,  trays,  and 
shelves  :  the  drawing-room  with  various  cabinets  Avith  elaborate  inlays  and  glass 
doors,  cut  and  crossed  by  imiumerable  bars,  so  as  to  prevent  the  objects  of  art 
inside,  being  properly  seen,  or  perhaps  fitted  with  shelves  fixed  at  set  heights,  but 
very  inconvenient  for  the  objects  they  are  to  receive,  too  narrow  or  too  wide,  too 
high  or  not  high  enough:  in  fact,  ready-made  clothing  for  household  gods,  and,  like 
most  ready-made  clothing,  very  often  exceedingly  ill-fitting,  and  unsuitable  for  the 
wearers.  It  may  be  urged  that  many  people  do  not  know  exactly  what  they  do 
Avant,  and  are  dependent  more  or  less  on  the  upholsterer,  or,  again,  that  they  want 
to  see  specimens  of  furniture  "  of  sorts  "  from  which  to  make  a  selection ;  that,  in 
fact,  they  do  not  know,  except  in  a  very  general  way,  what  they  really  want,  and 
therefore  are  unable  to  give  any  idea  of  their  special  requirements.  In  admitting  all 
this,  I  can  only  urge  the  necessity  of  a  higher  art-training  for  the  workmen  and 
manufacturers,  so  that  the  goods  they  offer  may  be  more  simple,  more  suitable,  and 
more  artistic. 

In  all  furniture,  comfort  and  use  should  be  the  first  elements  in  its  design ; 
these  being  given,  it  should  be  just  as  easy  to  make  everything  about  a  house 
pleasant  and  artistic  in  form  and  design,  as  inartistic  and  ugly ;  a  chair,  for 
instance,  to  be  comfortable  should  have  ample  support  for  the  backj  and  be  free 
from  all  carving  and  other  excrescences,  which  not  only  make  it  uncomfortable, 
but  add  considerably  to  its  cost ;  the  seats  should  not  be  covered  with  velvet  and 
other  stuffs,  which  hold  dirt  and  "  drag "  the  dresses  of  the  sitters ;  the  legs 
should  be  strong,  not  twisted  or  curled,  or  cut  cross-grain,  so  as  to  be  easily 
breakable ;  couches  should  be  made  easy  and  comfortable  resting-places,  not  made  so 
as  to  offer  all  kinds  of  angularities  and  unpleasant  projections. 

Tables  should  be  so  made  that  the  legs  do  not  stand  out  and  catch  the  knees 
of  those  seated  opposite  to  them ;  buff'ets  may  be  so  designed  as  to  answer  for 
all  kinds  of  purposes,  in  addition  to  the  ordinary  dining-room  requirements,  with 
drawers  for  pj-ints  and  engravings,  shelves  for  books,  cases  for  china  or  silver, 
and  cupboards  for  cigars  or  tobacco,  and  be  so  designed  as  to  form  a  portion  of  the 
decoration  of  the  room. 

The  ordinary  modern  sideboard  is  generally  a  very  useless  and  expensive  piece 
of  furniture,  answering,  it  is  true,  its  piu-pose  so  far  as  to  provide  a  dresser  or 
sei-ving-table,  with  flanking  cupboards  for  wine  and  other  dining-room  parapher- 
nalia ;  but  of  what  possible  use  or  ornament  are  the  enormous  glasses  with  which 
these  sideboards  are  generally  fitted  1  Under  ordinary  cii-cumstances,  unless  amply 
provided  with  lamps  or  candle-brackets,  they  do  not  even  Hght  up  the  room 
at  night,  while  they  form  objectionable  features  in  the  wall-decoration  of  any 
room.  A  buffet  should  be  an  important  feature  in  any  dining-room,  and  should  be 
designed  with  much  more  regard  for  its  proper  use  in  ordinary  houses  than  it  would 
seem  to  be  at  present. 
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Let  us  take  an  ordinary  dining-room  of  the  larger  class  of  the  community  in  this 
country.  As  a  rule,  it  is  largely  used  as  a  sitting,  or  with  the  professional  man,  as 
a  consulting-room ;  why  not,  therefore,  furnish  it  as  such,  instead  of  in  the  usual 
stiff  and  vernacular  manner  1  In  most  of  our  houses  the  existing  arrangement  of  a 
large  dining-table  takes  up  the  greater  portion  of  the  room,  leaving  but  little  space 
for  circulation.  The  sideboard  at  one  end  is  practically  useless,  except  for  stowing 
away  wine-decanters  and  cruet-stands,  with,  perhaps,  one  or  two  drawers  for 
napkins  and  plate.  Treat  the  walls  with  warm,  quiet  shades  of  brown  or  red,  with 
the  lower  dado,  of  say  three  feet  in  height,  varnished,  with  a  chair-rail  to  prevent  • 
the  chair-s  chipping  tlie  paint,  and  the  frieze  painted  or  distempered  in  soft  yellow 
or  vellum-colour,  with  stencil  enrichment  in  red,  yellow,  and  greenish  blue,  or  with 
panels  of  figure  decoration.  Instead  of  the  comparatively  useless  sideboard,  have  a 
good  solid  buffet,  that  will  answer  for  the  double  purpose  of  putting  away  books, 
drawings,  or  papers,  and  the  general  dining-room  use.  This  should  be  made  to  suit 
the  proportion  of  the  room,  and  if  designed  to  suit  the  different  requirements  of  the 
owner  of  the  house,  would  be  a  valuable,  instead  of,  as  it  usually  is,  a  lumbering 
addition  to  the  room.  A  circular  table,  foui-  feet  six  or  eight  inches  in  diameter, 
always  capable  of  dining  four  or  six  persons,  is  amply  sufficient  for  all  ordinary 
eating  purposes,  and  for  books,  papers,  and  work  at  other  -times.  Such  a  table 
would  not  crowd  up  the  room,  or  take  away  from  its  comfort  and  convenience  ; 
and  made  "  telescopic,"  Avith  as  many  leaves  as  may  be  required,  it  can  be  enlarged 
to  any  length  of  which  the  room  is  capable,  and  with  four  end  legs  set  well  back, 
and  a  strong  central  suppoi-t,  would  be  equally  strong,  open  or  shut.  If  made  of 
mahogany  ebonised,  it  can,  when  elongated  for  a  dinner  party,  be  partially  covered 
at  the  sides  only  with  "  slips,"  leaving  the  centre  black,  on  which  flowers,  silver,  or 
good  china  will  look  infinitely  better  than  on  the  white  cloth.  The  contrast  will  be 
pleasant  to  the  eye,  and  the  general  effect  exceedingly  artistic.  Let  the  chairs  be 
simple,  but  substantial  and  comfortable.  Let  the  floors  be  painted,  stained,  or 
parqueted  all  round,  say  two  feet  six  inches  from  the  wall,  and  the  centre  space 
covered  with  a  good  felt  or  Oriental  carpet,  warm  to  the  feet,  and  cheerful  to  look 
at.  A  small  rug  in  the  bay  window,  if  there  be  one,  with  a  simple  table — designed 
with  di-awers  for  writing  purposes,  and  capable  of  being  used  as  a  side  or  carving- 
table — and  a  small  rug  opposite  the  fireplace,  of  some  good  warm  colour,  will  furnisli 
the  room.  Do  away  with  curtains,  which  only  retain  the  smell  of  food  and  tobacco- 
smoke,  and  make  the  room  stuffy  and  unwholesome,  besides  hiding  light  from  the 
pictures  and  engravings  on  the  walls.  The  mantelpiece  may  be  made  useful  as  a 
piece  of  furniture,  with  shelves  for  books,  and  cupboards  for  papers  or  china. 

The  bed-rooms  have  the  usual  chest  of  drawers,  made  so  deep  that  you  have  to 
turn  up  three  or  four  suits  before  you  arrive  at  the  one  you  want  to  use ;  or  too 
short  to  hold  shirts  and  other  belongings  when  folded,  or  else  so  long  as  to  leave 
portions  of  them  useless,  unless  they  are  packed  with  clothes  like  herrings  in  a 
barrel.  Doubtless  many  of  these  set  pieces  of  furniture  can  be  made  generally 
adaptable  for  ordinary  requirements,  but  my  protest  against  them  is  that  they  are 
often  practically  unfitted  for  their  purpose,  and  wasteful  of  valuable  room.  ^  But  if 
the  system  of  furnishing  a  house  with  ready-made  clothing  is  to  continue,  it  must, 
as  a  matter  of  course,  happen  that  many  persons  will  be  very  ill-fitted,  even  if 
a  few  get  exactly  what  they  want.    Instead  of  the  ordinary  chests  of  drawers, 
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which  for  ordinary  purposes  are  extremely  inconvenient,  we  might  just  as  well 
have  the  bed-room  recesses  fitted  up  with  nests  of  useful  shelves  or  sliding  trays 
made  to  suit  the  various  requirements  of  our  wardrobes ;  wide  and  deep  to  hold 
coats  and  other  external  garments ;  narrow  and  shallow  for  under-clothing,  so  that 
"  suits  "  need  not  be  piled  one  upon  another,  necessitating  imfolding  and  displace- 
ment of  those  which  are  packed  on  the  top  of  those  we  want  to  find ;  all  these 
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could  be  enclosed  by  cupboard-doors,  close-fitting  and  rebated  to  keep  out  dust,  and 
would,  I  venture  to  think,  be  found  much  more  convenient  than  the  furniture  we 
buy  "ready-made." 

In  the  smaller  bed-rooms  of  a  house,  the  wall-surface  might  be  tinted  in' 
distemper  a  warm  grey  or  bluish  tint ;  the  woodwork  painted  a  dull  blue  or  dark 
gi-ey  and  varnished;  the  floors  painted  all  over  and  varnished,  with  small  ru-s  laid 
down  next  the  bed  and  the  dressing-table.  A  smaU  washing-stand  might  be  placed 
in  the  comer  of  the  room,  with  a  small  chest  of  drawers  well  raised  off  the  floor  so 
as  to  allow  0  its  bdng  used  as  a  writing-table ;  the  mantelpiece  could  be  fitted  up  as 
a  dressmg-table,  with  central  glass,  and  cupboard  and  shelves  for  brushes  and  other 
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dressing  paraphernalia ;  the  bed  left  open  without  hangings  or  valences  of  any 
kind ;  a  Boyle's  ventilator  in  the  chimney-breast,  and  small,  apertures  for  fresh  air 
inlets  cut  in  the  sashes ;  and  in  this  way  we  should  have  a  healthy  and  comfortable 
chamber.  The  larger  bed-rooms  might  be  treated  in  a  similar  manner,  but  with 
specially-designed  wardrobes,  hanging  cupboards,  window-ottomans  for  bonnets  and 
boots,  large  dressing-table,  with  glass  down  to  the  floor,  swung  between  nests  of 
drawers  for  gloves,  jewellery,  and  the  other  requirements  of  a  lady's  room;  a, 
medicine  cupboard  and  small  writing-table  next  the  bed,  and  a  couch  or  low  chair, 
so  that  the  room  may  be  used  as  a  private  sitting-room,  as  well  as  for  sleeping 
ljurposes,  the  same  principle  of  ventilation  being  carried  out  here  as  that  described 
for  the  smaller  room.  With  some  such  arrangement  as  this,  we  might  have 
pleasant,  cheery  rooms,  comfortable  and  healthy,  and,  to  a  great  extent,  obviate  the 
unpleasant  closeness  and  unhealthy  atmosphere  which  is  engendered  by  occupation 
at  night  with  doors  and  windows  closely  shut. 

I  hold  very  strongly  that  in  many  cases  half  the  cost  of  furnishing  may  be  saved 
by  having  the  bulkier  pieces  of  furniture  made  to  suit  the  special  requirements  of 
the  people  who  are  to  use  them,  and  that  the  mass  of  the  general  public  would  find 
the.se  special  pieces  more  easily  adapted  to  their  wants  and  requirements  than  the 
ordinary  run  of  articles  they  buy  ready-made. 

If  health  and  comfort  are  to  be  considered  in  furnishing,  it  must  be  self-evident 
that  none  of  the  bulkier  pieces  of  furniture  should  be  so  made  that  they  cannot  be 
readily  removed,  to  permit  of  the  floor-space  underneath  being  cleaned  and  washed ; 
or,  failing  this,  there  should  be  suflicient  sjiace  left  open  under  them  for  all  dirt  and 
dust  to  be  easily  seen  and  removed.  If  a  heavy  piece  of  furniture  is  made  to  fix 
close  down  to  the  floor,  or  open  only  a  few  inches  under,  it  must  follow  that  the 
space  below  cannot  be  got  at,  and  that  it  must  necessarily  form  a  resting-place  for 
dirt  which  cannot  be  got  rid  of,  and  must  remain  until,  at  great  cost  and  labour,  the 
furniture  is  removed  for  the  annual  spring  or  autumn  cleaning. 

It  is  very  desirable,  as  far  as  possible,  to  have  all  heavy  pieces  of  furniture 
arranged  on  castors,  so  that  they  can  be  easily  removed  for  cleaning  or  other  pur- 
poses without  risk  of  damage  to  walls  and  floor-surfaces ;  most  people  will  have 
expeiienced  the  annoyance  and  labour  involved  in  moving  wardrobes  or  chests 
of  drawers  for  cleaning  purposes,  and  as  a  consequence  they  are  too  often  left  in 
situ,  with  all  the  accumulation  of  years  of  dirt  and  filth  allowed  to  remain 
beneath  them,  to  the  manifest  uuliealthiness  of  the  rooms, 

Most  wardrobes,  as  they  are  called,  and  other  heavy  pieces  of  bed-room 
furniture,  are  made  with  flat  top  spaces,  which,  as  a  matter  of  course,  become 
receptacles  for  dust,  which  cannot  be  readily  got  at  and  cleaned  ofi";  all  this  dirt 
cannot  fail  to  assist  materially  in  keeping  the  rooms  stufiy  and  unhealthy,  besides 
which,  much  valuable  space  is  thus,  to  my  mind,  lost,  for  the  space  between  the 
top  of  the  ordinary  wardrobe  and  the  ceiling  might  well  be  filled  up  with  small 
cupboards,  in  which  might  be  stowed  away  spare  linen  or  clothes  not  wanted  for 
immediate  use.  The  annexed  illustration  shows  a  wardrobe  thus  furnished,  and 
another  will  be  found  at  page  342.  . 

In  advocating  these  top  cupboards,  I  have  been  told  that  they  are  inconvenient 
and  difficult  to  reach ;  but  surely  store-places  are  wanted  in  every  household,  in 
which  articles  that  will  not  be  required  for  weeks,  or  perhaps  months,  may  be  put 
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away;  and  there  cannot  be  any  serious  difficulty  in  getting  at  these  top  cupboards 
when  occasion  requires,  by  means  of  a  chair,  or  a  set  of  "  chair-steps  " — that  is,  one 
of  those  useful  contrivances  which  form  a  good  useful  chair  and  iinfold  when 
required  into  a  set  of  short  steps ;  any  way,  very  few  bed-rooms  are  so  higli  that 
these  top  cupboards  cannot  be  easUy  reached,  and  I  am  quite  certain  that  the  healthi- 
ness of  any  room  will  be  materially  increased  by  the  doing  away  with  all  sjiaces 
as  far  as  possible  where  dust  and  other  unhealthy  lodgments  can  take  place. 
If  these  top  cupboards  be  objected  to  as  useless,  then  care  should  be  taken  tliat 
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the  top  of  the  wardrobe  or  book-case  be  covered  witli  a  ledge  of  wood  iixed  slightly 
sloping,  so  that  the  dust  can  be  readily  removed  by  a  brush,  and  this  ledge  should 
be  polished  or  varnished  to  match  the  piece  of  fui-niture,  so  as  to  offer  a  smooth 
surface  with  as  little  holding  space  for  dirt  as  possible,  and  be  made  sufficiently 
slopmg  to  show  from  the  floor-level  any  dirt  or  dust  that  may  have  accumulated 
thereon. 

In  furniture,  as  in  decoration,  there  is  often  much  useless  extravagance  in  orna- 
ment and  material,  especially  in  all  bed-room  furniture;  in  this,  use  and  fitness  are 
essentially  the  first  elements  to  be  considered,  and  I  hold  that  a  mere  cupboard  can 
be  made  fair  m  form  and  artistic  in  design  with  well-arranged  panelling  and  o-ood 
moulding,  without  any  elaboration  of  ornament  or  useless  "  trimmings  "  in  the  shape 
ot  tmy  balusters  and  fret-work  cornices,  and  can  be  just  as  well  executed  in  deal 
painted  and  varnished-tlie  painted  surface  being  made  of  such  a  colour  as  will  har- 
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monise  or  contrast  with  the  decoration  of  the  room—  and  at  half  the  cost  of  French- 
polished  mahogany,  walnut,  or  other  expensive  woods.  Deal  and  pitch-pine  are  in 
themselves  sufficiently  good  for  all  such  purposes  as  cupboards,  wai-drobes,  chests 
of  drawers,  and  other  similar  furniture,  and  can  be  left  to  show  the  natural  grain  of 
the  wood  by  being  simply  varnished;  all  this  kind  of  treatment  is  quite  as  cleaiily 
and  to  my  mind  quite  as  good  as  any  amount  of  polish,  whicli  requires  constant 
labour  and  attention  to  keep  clean  and  bright.  The  plain  varnislied  woods  are  light 
and  cheerful,  and  can  be  easily  kept  clean  by  mere  dusting  or  rubbing  over  with 
a  damp  cloth  ;  strong  soap  or  soda  and  water  should  on  no  account  be  used  in 
cleaning  paint  or  varnish,  for  they  eat  iiito  and  destroy  it  i-apidly. 

To  my  mind  all  modem  furniture  is,  if  really  good,  of  infinitely  too  expensive  a 
character  for  general  purposes,  or  if  cheap  is  so  badly  made  that  it  gapes  and 
shrinks,  and  becomes  useless  after  a  few  years  ;  this  extravagance  in  common  things 
is  probably  due  to  the  luxuriousness  of  the  age,  which  seems  to  seek  after  elabora- 
tion rather  than  simplicity  in  design,  and  in  a  gr6at  degree  to  the  ignorance  and 
want  of  taste  of  the  general  public,  who  imagine  that  good  things  must  necessai-ily  be 
expensive  and  that  "cheap  "  things  are  necessarily  "  nasty." 

With  those  who  hold  these  views  I  have  nothing  in  cpmmon.  My  object  is  to 
insist  that  all  furniture  may  be  of  good  and  common-sense  design,  artistic  in  form, 
practical,  useful,  and  good,  and  yet,  compared  with  the  work  which  is  offered  to  us  in 
most  of  the  ordinary  upholsterers'  shops,  moderately  cheap.  To  my  mind  painted 
and  varnished  deal  is  just  as  lasting  as  polished  mahogany,  and  can  be  kept  clean 
and  bright  for  half  the  labour  i-equired  in  polished  work ;  birch  and  light  oak  are 
equally  well  fitted  for  bed-room  furniture,  but  are  naturally  more  expensive, 
although,  as  a  rule,  deal  is  used  for  the  internal  fitting-up  of  most  pieces  of  furniture 
made  of  these  woods ;  cedar  is  too  expensive  for  general  use,  but  is  admirably 
adapted  for  internal  work,  as  the  smell  of  the  wood  is  said  to  keep  out  the  destruc- 
tive little  pest  "  moth." 

The  so-called  "  pedestals  "  are  unhealthy  and  objectionable  articles  of  furniture  m 
any  room— placed  as  they  generally  are  close  to  the  head  of  the  sleeper— and  should 
certainly  be  dispensed  with.  The  object  for  which  they  are  provided  may  be  equally 
well  attained  by  making  small  cupboards  under  the  washing-stand,  and  thus  remov- 
ing what  must  necessarily  be  an  unpleasant  and  unhealthy  feature  in  the  room  as 
far  as  possible  away  from  the  bed.  Such  a  piece  of  furniture  is  shown  m  the 
illustration  on  the  next  page. 

Tapestry  and  stuff  hangings,  while  well  adapted  to  take  off  the  coldness  of  un- 
plastered  walls  of  mediseval  buildings,  are  quite  as  unsuitable  as  then-  hurablor 
imitations  in  the  shape  of  cretonne  and  chintz,  for  the  wall-coverings  of  modern 
rooms  in  thickly-populated  cities  and  towns. 

The  carefully  closed-in  beds  of  the  Middle  and  Renaissance  Ages  might  have 
been  necessary  in  the  large  and  draughty  rooms  of  our  forefathers  but  are 
unhealthy  and  unsuitable  for  modern  rooms,  in  which  pure  a.u-  and  absence  of 
stuffiness  can  only  be  obtained  by  carefully  abstaining  from  the  use  of  anythmg  h 
prevents  free  circulation  of  air  and  ventilation ;  for  it  must  be  remembered  tha 
only  by  this  free  circulation  of  air  and  constant  ventilation  can  the  rooms  be  kept 
free  fi-om  the  moisture  which  clings  to  all  wall-surfaces,  whether  papered  oi  dis- 
tempered, and  which  is  so  fruitful  a  source  of  discomfort  and  disease. 
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The  bed-rooms  of  a  house  should  be  kept  as  free  as  possible  from  all  useless 
haugings  .wliich  impede  air  cii-culatioii ;  the  furniture  simple  and  useful,  well  made 
and°dust-tight ;  the  floor-surface  left  free  all  round  the  walls  and  under  the  bed  and 
wall  furniture,  and  carpeted  only  so  far  as  is  necessary  for  comfort ;  all  ledges  and 
resting-places  for  dirt  should  be  carefully  avoided,  such  as  Venetian  blinds,  valences 
to  beds  and  windows,  and  inaccessible  shelves ;  the  tire-places  left  open,  not  closed 
up  as  is  often  done  in  the  summer-time  with  curtains  and  useless  hangings ;  the 
woodwork  polished  or  varnished,  so  as  to  be  easily  cleaned;  and  the  walls  covered 


A  Smail  Washstand  with  Pedestals. 


with  simple  pattern  papers  or  distemper,  so  as  to  present  no  spotty  surfaces  for  the 
eye  to  rest  upon. 

Bed-room  furniture  can,  to  my  mind,  be  materially  improved  by  being  more 
compressed,  and  by  much  greater  use  being  made  of  the  recesses  formed  by  the 
projection  of  the  chimney-breasts  ;  all  these  can  be  fitted  up  at  moderate  cost 
with  useful  hanging  closets  and  drawers,  while  the  mantelpieces  of  ordinary 
bed-rooms  may  be  rendered  into  useful  ai-ticles  of  furniture  by  being  fitted  with 
side  cupboards,  shelves,  and  drawers,  so  as  to  form  dressing-tables.  Washing-stands 
should  be  of  the  simplest  possible  construction,  fitted  up  with  tiles  to  a  height 
of  eighteen  inches  or  two  feet  at  the  back,  with  as  little  woodwork  as  possible 
to  get  wet  and  dirty ;  the  sides  can  be  formed  into  useful  cupboards  with  racks 
or  pegs  for  boots— generally  diSicult  articles  of  dress  to  stow  away  comfortably  • 
while  the  centre  might  be  fitted  with  a  zinc  receiver  to  take  off  the  waste  water' 
tins  receiver  being  made  immediately  under  the  basin,  with  a  place  to  allow  of 
the  dirty  water  being  easily  emptied  into  a  pail,  and  with  ample  access  for  thoroiicrh 
scorning  and  cleansing;  a  glazed  earthenware  trough  is  better  than  any  metal-woric 
as  bcmg  less  likely  to  hold  grease  and  dirt,  and  more  easily  scoured  ;  but  all  these 
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receivers  must  be  so  made  that  tliey  can  be  readily  accessible,  or  they  will  become 
foul  with  soap  and  dirt,  and  soon  smell  sour  and  unhealthy. 

Every  jnece  of  furniture  should  be  fitted  for  its  purpose,  truthful  in  design  and 
material,  and  not  pretending  to  be  something  else,  or  made  of  some  other  material. 
It  may  be  a  small  matter,  but  what  earthly  use  is  it  to  grain  one  wood  in  imitation 
of  another,  or  to  paint  the  inside  of  tin  baths  in  imitation  of  mai-ble  1  Not  only  is 
all  such  false  work  a  sham  and  a  lie,  but  it  is  bad  in  taste,  and  infinitely  more 
expensive  than  plain  painting  or  enamelling.  It  may  be  absurd  to  say  that  truth 
in  such  small  things  is  just  as  essential  as  truth  in  anything  else  in  daily  life, 
but  surely  anything  that  pretends  to  be  what  it  is  not,  and  seeks  to  delude  the 
eye  by  false  imitation  of  something  else,  is  as  immoral  in  its  tendency  as 
what  are  called  "  white  lies  "  are  in  general  life ;  shams  and  unrealities  are  but  lies, 
equally  to  be  avoided  in  the  things  we  surround  ourselves  with  as  they  are  in  daily 
life. 

All  such  shams  and  pretentious  deceits  should  be  repugnant  to  all  morality,  as 
they  are  utterly  at  variance  with  all  good  taste  and  real  art.  They  may  deceive 
no  one,  for  I  suppose  few  persons  would  conceive  the  tin  bath  to  be  marble  or 
the  grained  cupboard  to  be  really  what  it  pretends  to  be,  but  under  any  and  all 
circumstances  they  are  shams,  bad  in  taste,  bad  in  art,  and  bad  in  every  moral  sense. 
Little  lies  very  soon  lead  to  bigger  ones,  and  those  who  are  content  to  see  about 
them  small  shams  of  the  kind  I  have  mentioned  will  be  equally  content  to  see 
floor-coverings  in  imitation  of  marble,  tiles,  or  inlaid  woods,  wine-coolers  made  in 
the  form  of  sarcophagi,  and  other  work  equally  bad  in  art  as  in  taste.  What  can 
be  more  trashy  or  commonplace  than  covering  walls  with  imitation  marble 
or  tile  papers  1  At  their  best  they  are  cold  and  formal,  and  utterly  unlike  the 
real  thing ;  good  marble  and  well-colom-ed  tiles  are  pleasant  objects  to  look  upon, 
but  their  false  imitations  are  not  only  painfully  unreal,  but  entirely  opposed  to 
all  good  decoration;  nothing  can  be  worse  in  general  eflfect  and  tone  than  a 
staircase  wall  covered  with  sham  marble  blocks,  and  nothing  more  useless  as  a 
protection  against  water  than  a  bath-room  lined  with  paper  in  imitation  of  painted 
tiles. 

If  you  are  content  to  teach  a  lie  in  your  belongings,  you  can  hardly  wonder  at 
petty  deceits  being  practised  in  other  ways.  Teach  truthfulness  at  least  in  the 
things  with  which  you  surround  yourselves,  and  avoid  shams  and  deceits  of  all  kinds, 
resting  assured  that  real  colom-ing  and  real  work  of  all  kinds  is  infinitely  better, 
quite  as  lasting,  and  infinitely  cheaper  than  sham  graining,  marbling,  or  gilding ;  at 
least  be  honest  in  decoration  and  furniture,  and  do  not  add  the  vulgarity  and  preten- 
tiousness of  unreal  work  to  badness  of  taste  and  trashiness  of  construction.  As  a 
rule,  all  this  kind  of  sham  is  suggestive  of  trumpery  mateiials,  for  with  really  good 
things  imitation  and  deceit  are  out  of  place  and  unnecessary  ;  aU  tHs  carryiiig  into 
every-day  life  of  "  the  shadow  of  unreaUty"  must  exercise  a  bad  and  prejudicial 
influence  on  the  younger  members  of  the  house,  who  naturaUy  are  thus  brought  up 
to  see  no  wrong  in  the  shams  luid  deceits  which  are  continually  before  them,_  and 
do  not  understand  the  badness  of  taste,  not  to  say  morality,  which  there  is  in 
making  our  "  domestic  surroundings  appear  something  which  they  almost  mamfestly 
are  not."  I  am  quite  aware  that  I  am  laying  myself  open  to  beui-  called  absurd 
and  Utopian  in  setting  forth  such  doctrines:    that  marbling  the  mside  of  a  batli, 
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or  gi-aining  deal  to  represent  oak,  or  painting  floor-cloth  to  represent  encaustic  tiles 
or  parquet-work,  and  putting  up  paper  in  imitation  of  painted  tiles  or  niarl)le  blocks 
are  only  other  forms  of  decoration  quite  as  good  as  painting  "  Queen  Anne  "  blue, 
sage-green,  or  any  other  fashionable  colour. 

It  is  impossible  within  the  limits  of  an  article  of  this  kind  to  discuss,  or  even 
passingly  allude  to,  the  numerous  modern  inventions  which  each  year  brings  forth 
for  the  greater  comfort  and  convenience  of  house  fittings  and  furnishing  :  the 
exhibitions  which  take  place  almost  annually  of  building  appliances,  furniture, 
and  sanitary  arrangements,  oSer  to  the  public  constant  opportunities  of  seeing  and 
adopting,  if  they  will,  the  many  imjirovements  that  are  taking  place  in  house 
decoration  and  furniture ;  the  reviews  and  criticisms  on  these  in  the  public  press 
are  generally  fair  and  exhaustive,  so  that  those  who  are  unable  to  judge  for  them- 
selves as  to  what  are  reaUy  improvements,  may  ascertain  from  these  what  to  use 
and  what  to  avoid. 

In  a  recent  Building  Exhibition  at  the  Agricultural  Hall,  and  in  the  Exhibition 
of  Furniture  at  South  Kensington,  there  were  many  valuable  suggestions  offered  for 
the  improvement  in  art,  comfort,  and  cleanliness  of  our  dwellings ;  almost  every 
magazine  and  daily  paper  has  treated  more  or  less  exhaustively  on  the  subject,  and 
there  is  no  reason  why,  with  the  narrowest  means  and  in  the  humblest  of  abodes, 
good  art  in  form  and  colour  may  not  be  combined  with  comfort,  healthiness,  and, 
to  those  who  will,  luxuriousness  of  furniture  and  decoration.  In  the  present  craze 
for  novelty,  practical  common  sense  is  often  lost  sight  of,  but  there  is  no  real  reason 
why  our  homes  should  not  be  made  artistic  and  beautiful,  and  at  the  same  time 
healthy  and  comfortable  ;  if  we  will  but  have  care  to  avoid,  as  far  as  practicable,  all 
those  things  which  gather  dust,  tend  to  retain  smells  and  other  impurities,  and  to 
remember  that  decoration  and  furniture  which  might  have  been  fitted  for  spacious 
rooms  and  lofty  halls,  are  not  at  all  suited  to  the  often  close  and  stuffy  rooms  of 
modern  dwellings. 

It  is  impossible  to  more  than  passingly  allude  to  gasaliers  and  the  other  smaller 
articles  of  furniture  in  a  house.  The  simpler  all  these  are  the  better.  Gasaliers 
.should  be  of  bronzed  brass  in  preference  to  lacquered  work  or  iron.  The  lacquer 
soon  gets  tarnished,  and  the  iron  is  liable  to  rust  by  the  damp  and  decomposing 
products  of  gas.  Gas  tends  to  destroy  everything  in  our  rooms,  to  render  them 
hot,  stuffy,  and  imhealthy  ■  and  unless  a  constant  supply  of  fresh  air  can  be  brought 
into  them,  it  is  well  to  burn  as  little  gas  as  possible,  especially  in  the  sleeping-rooms 
of  the  house,  where  the  foul  impurities  that  are  given  off'  by  gas,  together  Avith  the 
enormous  amount  of  vitiated  air  formed  by  the  products  of  combustion,  make  the 
rooms  filthy  and  unhealthy. 

In  the  cheap  speculative  houses  the  door  and  window  furniture  is  often  of 
the  most  trumpeiy  as  well  as  the  most  inartistic  description,  and  is  an  endless 
source  of  annoyance.  The  best  and  simplest  furniture  that  I  have  seen  for 
ordinary  doors  is  that  known  as  "Eaye's"  percussion  lock  and  furniture,  which 
so  far  as  I  can  judge  by  the  experience  I  have  had  of  it,  is  not  likely  to  have 
the  handles  constantly  coming  off,  or  be  otherwise  getting  out  of  order.  If  the  doors 
he  varnished,  finger-plates  are  unnecessary,  and  if  used  should  be  of  the  simplest 
possible  character.  Several  eminent  manufacturing  firms  now  make  some  exeeed- 
mgly  artistic  glass  candle  and  gas  brackets  and  chandeliers,  which  are  fitted  for 
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almost  any  room  where  good  artistic  efiect  and  simplicity  of  design  are  required. 
The  beautiful  Veiietian  glass-work,  with  its  modelled  flowers  and  leaves,  is  some- 
what out  of  place  in  ordinary  houses,  as  the  dust  works  up  under  the  ornament  in 
places  which  it  is  difficult  to  clean,  except  by  taking  the  work  to  pieces. 

With  all  the  vast  improvements  that  have  been  made  in  the  vai-ious  ti-ades 
concerned  in  the  decorating  and  furnishing  of  houses,  and  by  exercising  the 
same  common  sense  and  common  care  as  in  other  matters  of  life,  by  a  careful 
regard  for  use  and  suitability,  and  an  avoidance  of  all  that  is  false  and  meretricious, 
we  may  make  the  liomes  we  live  in  not  only  comfortable  and  healthy,  but  artistic 
and  beautiful. 
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CHAPTER  XXXIV. 

INTERNAL  DECORATION  AND  PURE  Alii. 

Dust  ineaus  Disease— EvUs  of  Uiutains,  Waste  Papers,  and  Lumber- Ventilatiug  the  HaU— Decorative 

Ventilation — Cleaning— Disposal  of  Refuse. 

It  may  possibly  be  argued  that  it  is  a  matter  of  small  importance  how  the  wall 
and  floor-surfaces  of  our  rooms  are  covered,  so  long  as  they  are  warm  and  com- 
fortable, and  that  it  is  a  matter  of  indifference  what  may  be  the  especial  artistic 
design  of  the  furniture  we  use,  provided  it  be  fitted  for  its  purpose ;  and  that  the 
moral  and  healthy  aspect  of  our  homes  is  not  to  be  improved  or  impaired  by  any 
particidar  treatment  of  decorative  design  or  arrangement  of  the  furniture  and 
fittings  of  the  particular  rooms.  If,  however,  as  it  must  be  admitted,  dii-t  and 
impure  smells  act  prejudicially  upon  us,  and  tend  to  ill-health,  nausea,  or  bodily 
lassitude,  it  is  especially  essential  that  as  nxuch  regard  should  be  paid  to  the  proper 
covering  of  our  floors  and  walls,  and  to  the  furnishing  of  our  rooms,  as  to  drainage 
and  ventilation.  All  papers  which  hold  dirt,  and"  all  materials  which  absorb  and 
retain  impui'e  smells^  should  be  avoided,  and  no  furniture  should  be  placed  in  our 
rooms  which  in  any  way  holds  dirt  and  dust  that  cannot  be  easily  seen  and 
cleaned  away,  or  wliich  allows  both  to  accumulate  under  it  in  places  which 
cannot  readily  be  got  at ;  for  if  a  room  cannot  be  made  thoroughly  fresh  and  clean 
in  every  part  by  every-day  Avashing  or  dusting,  it  must  be  manifest  that  the 
atmosphere  in  the  room — although  perliaps  imperceptibly — must  be  charged  with 
minute  and  invisible  impm-ities,  which  are  unwholesome  and  unhealthy. 

For  this  reason  I  would,  as  far  as  possible,  do  away  with  stufi"  curtains,  fluffy 
and  looped-up  lace  or  other  .similar  blinds,  with  flock  raised  papers  on  walls,  and 
with  all  high  ledges  or  shelves,  where  they  cannot  readily  and  easily  be  got  at  for 
cleaning  purposes. 

If  there  be  any  truth  in  the  assertions  that  are  made  that  nausea  and  general 
lassitude,  not  to  speak  of  any  severer  forms  of  illness,  are  engendered  by  want  of 
attention  to  the  proper  healthy  arrangement  of  our  homes,  and  that  dirt  and  dust 
are  to  a  certain  extent  equally  conducive  to  the  unliealthiness  and  unwholesomeuess 
of  our  houses  as  defective  drainage  and  bad  ventilation,  it  must  be  admitted  that  we 
have  yet  much  to  learn  for  the  more  practical  and  better  fitting  up  of  the  rooms  we 
live  in,  and  that  too  much  care  cannot  be  exercised  in  providing  that,  so  far  as 
practicable,  all  extraneous  and  useless  ornaments  and  vmhealthy  fittings  shall  be 
avoided.  Many  people  litter  their  rooms  with  all  kinds  of  lumber,  until  there  is 
hardly  a  corner  free  from  it.  They  cover  theii-  floors  and  tables  with  fliifly  mats 
of  various  kinds,  which  hold  all  kinds  of  dust  and  dirt,  and  which,  like  pitch,  you 
cannot  touch  without  being  defiled.  With  the  best  of  servants  and  the  best  of 
supervision  it  is  impossible  to  keep  such  rooms  pure  and  wholesome.  Tilings  stowed 
away  in  all  sorts  of  odd  corners,  wherein  they  are  left  undisturbed  for  months,  must 
breed  dirt  and  disease ;  and  while  it  is,  of  course,  necessary  that  in  every  household 
there  should  be  storing-places  for  all  sorts  of  things  only  reauired  for  a  season,  and 
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then  to  be  stowed  away,  such  kind  of  storing-places  should  be  made  suitable  and 
conveiuent,  so  that  they  can  easily  be  got  at  and  easily  cleaned. 

It  is  possible  that  there  may  be  some  sort  of  sentiment  existing  which  makes 
mothers  desire  to  keep  for  all  time  the  long-disused  toys  belonging  to  their  children 
m  early  life,  and  I  have  seen  boxes  and  cupboards  half  filled  with  broken  toys  and 
other  useless  lumber,  which  only  serve  as  resting-places  for  all  kinds  of  impurities, 
—seldom  disturbed  and  rarely  cleaned  out— while  in  our  hospitals  and  amongst  our 
poorer  neighbours,  there  are  hundreds  of  children  who  would  be  delighted  with  these 
no  longer  required  toys  and  belongings  of  our  own  childhood.  Clear  out  all  such 
lumber,  and  give  all  that  is  fit  for  anything— old  picture-books,  old  toys,  old  clothing 
—to  those  who  will  heartily  appreciate  them;  and  while  conferring  a  pleasure  on 
these  little  ones  of  our  poorer  neighbours,  who  cannot  possibly  obtain  in  any  other 
way  such  things  as  toys  and  picture-books,  you  will  be  clearing  away  things  which 
are  now  only  lying  useless  in  some  out-of-the-Avay  corner  or  cupboard,  and  adding  to 
the  comfort  and  cleanliness  of  your  own  house. 

How  many  thousands  of  poor  children  are  there  who  would  be  benefited  and 
amused,  and  whose  lives  might  be  made  more  cheerful  and  more  happy,  by  the 
contents  of  many  a  box  or  cupboard  of  toys  and  books  which  are  no  longer  required  ! 
Every  housewife  knows  how  old  books,  old  papers,  old  clothes,  old  linen  accumulate 
in  the  course  of  a  few  months.  Instead  of  these  being  periodically  cleared  out  and 
given  away,  they  are  often  carefully  stowed  away  in  the  most  out-of-the-way  places, 
pi-actically  as  useless,  and  help  to  make  the  rooms  and  house  generally  stuffy  and 
unhealthy,  when  they  might  be  the  means  of  giving  health  and  pleasure  to  others 
who  have  no  means  of  purchasing  them  for  themselves. 

Again,  in  offering  suggestions  for  the  healthy  and  artistic  treatment  of  the  bed- 
room and  nursery  walls,  it  must  be  borne  in  mind  that  they  are  all  comparatively 
useless  without  some  proper  system  of  ventilation,  for,  to  quote  Captain  Galton's 
invaluable  little  book  on  "  The  Construction  of  Hospitals  " — "  the  purity  of  the  air 
within  an  inhabited  space  enclosed  on  all  sides,  is  necessarily  vitiated  by  the 
emanations  proceeding  from  the  bodies  of  those  who  inhabit  it,  and  especially  by 
the  effect  on  it  of  their  respirations."  With  persons  suffering  from  disease, 
especially  infectious  fevers,  or  from  wounds,  or  sores,  these  emanations  are 
greater  in  quantity,  and  more  poisonous  in  quality,  than  from  persons  in  heaJ.th. 
Stagnation  in  the  movement  of  the  air  leads  to  rapid  putrefaction  of  these  emana- 
tions. 

The  opi^ressive  and  unhealthy  atmosphere  of  an  ordinary  passage-hall,  where  gas 
forms  the  principal  means  of  lighting,  is  very  discernible  after  the  house  has  been  lit 
up  for  a  few  hours.  The  bad  air  and  heat  engendered  by  the  gas  stifles,  as  it  were, 
the  real  lungs  of  the  house,  and  adds  materially  to  our  discomfort.  I  have  designed 
a  simple  but  effective  means  of  remedying  this  to  a  great  extent,  by  forming  small 
zinc  tubes  on  each  side  of  the  letter-box,  with  open  tops  and  valves,  and  with 
gratings  on  either  side  of  the  usual  letter-box  flap  externally,  so  that  there  is  a 
constant  cuirent  of  fresh  air  entering  the  hall,  without  draught,  and  purifymg  and 
mixing  with  the  heated  and  foul  air,  thus  rendering  the  atmosphere  more  healthy 
and  pleasant.    The  illustration  shows  its  appearance  from  the  outside. 

In  ordinary  sitting-rooms  there  is  a  constant  influx  of  air  from  doors  and 
windows,  and  practically  the  rooms  are  never  shut  up  for  any  great  length  of  time 
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wdbliout  being  in  a  measure  swept  out  by  currents  of  air  thus  admitted;  in  winter- 
time the  fire  acts  as  a  constant  extracting  power,  and  without  any  definite  system 
of  ventilation  there  is  not,  under  ordinary  circumstances,  much  difficulty  in  keeping 
a  sitting-room  fairly  well  ventilated. 

Much  may,  however,  be  done  to  improve  the  atmosphere  of  these  rooms  either  by 
the  use  of  what  are  called  "  Tobin's  "  tubes,  or  by  cutting  the  meeting-bars  of  the 
ordinary  window-sashes,  so  as  to  bring  fresh  air  into  the  room ;  for  it  is  quite  certain 
that  without  the  means  of  bringing  a  constant  supply  of  fresh  aii-  into  the  room,  to 
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push  out  and  improve  that  which  has  become  foul  and  vitiated,  no  real  comfort  can 
be  obtained  in  any  room  after  the  house  is  "  shut  up  "  and  the  gas  lighted.  The 
rooms  then  become  hot  and  stifling,  engendering  headache  and  nausea ;  and  if  the 
windows  be  opened,  draught  and  possible  cold  negative  the  good  result  that  might 
accrue  by  the  access  of  fresh  air.  These  so-called  "Tobin"  tubes  are  generally 
obtrusive  and  unsightly  objects  in  any  room,  put  up  without  thought  of  any  kind 
as  to  the  arrangement,  so  that  a  good  many  artistic  people  are  content  to  put  up 
with  stuffiness  of  atmosphere  rather  than  spoil  their  rooms  by  square  or  circular 
pipes  stuck  up  in  one  corner,  and  looking  very  much  like  cut-off  stove-pipes. 

There  is  no  reason  why  this  scheme  of  ventilation  should  not  be  incorporated 
in  the  design  of  some  piece  of  furniture,  or  made  sightly  and  artistic  one  Avay  or 
other :  the  pipes  might  be  made  of  terra-cotta  as  ornamental  angle  pedestals  with 
projecting  lips,  or  shelves  on  the  top  to  take  smaU  busts,  vases,  or  bronzes,  without 
nupeding  the  circulation  of  the  air ;  or  the  tube  can  be  brought  under  the  floor  to 
the  fireplace  and  be  incorporated  m  the  design  for  the  mantelpiece,  or  in  the 
uprights  of  a  fixed  bookcase  or  cabinet,  so  long  as  the  air-tubes  have  a  sufficient 
sectional  area  of,  say,  from  about  fifty  to  sLxty  inches-that  is,  a  measurement  of 
eight  by  SIX  or  ten  by  six  inches,  according  to  the  size  of  the  rooms.    They  may  be 
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made  to  any  form.  As  a  rule,  two  of  the  smaller-sized  pipes  wiU  be  desirable  for 
an  ordinary-sized  London  dining  or  drawing-room.  The  tube  itself  might  be  finished 
with  a  terra-cotta  pot,  out  of  which  the  bottom  must  be  cut,  or  with  an  enamel  or 
other  vase,  much  in  the  same  way  as  they  are  used  for  lamps,  except  that  the 
bottom  must  be  open,  not  closed.  There  are  iimumerable  ways  in  which  to 
introduce  fresh  air  into  a  room  without  making  it  unsightly,  but,  like  everything 
else  that  is  done  well,  the  means  and  design  must  be  thought  out  and  adapted  for 
each  pai-ticular  room  and  place.  Sometimes  small  flat  square  tubes  can  be  fixed 
next  the  projecting  window  architraves,  and  finished  with  a  small  moulding  at  the 
top,  with  the  skirting  moulding  cai-ried  round  so  as  not  to  be  unsightly ;  or  they 
can  be  arranged  so  as  to  be  hidden  by  the  curtains,  which  in  most  rooms  are  fixed 
to  the  window  boxings  or  architraves,  projecting  several  inches  into  the  room  and 
leaving  ample  space  behind  for  the  air-tubes. 

Mrs.  Priestley,  a  lady  who  is  well  known  for  her  efforts  in  the  cause  of 
hygiene  and  sanitary  science  applied  to  domestic  purposes,  has  had  registered 
an  extremely  efficient  and  simple  contrivance  for  the  ventilation  of  rooms, 
which  is  at  the  same  time  very  pretty  and  decorative,  and  can  be  made  with 
a  little  care  highly  artistic.  This  "  Floral  Art  Ventilator,"  as  it  is  called,  consists  of 
a  glass  box  or  case,  which  stands  upon  a  table,  and  fits  into  the  window  opening  to 
about  half  or  two-thirds  of  its  height,  the  portion  next  the  window  being  open,  the 
sides  made  of  looking-glass  or  tiles,  the  bottom  formed  to  receive  flowers,  and  the 
front  next  the  room  being  made  as  glass  casement  doors,  for  access  to  the  flowers  or 
to  the  external  sashes ;  the  top  is  left  open,  so  that  when  the  lower  sash  is  opened 
there  is  a  good  current  of  fresh  air  which  finds  its  way  upwards  into  the  room  with- 
out creating  any  perceptible  draught.  The  current  of  air  being  thrown  upwards,  as 
in  "  Tobin's  "  tubes,  causes  it  to  mix  with  the  air  of  the  room,  and  thus  materially 
improve  it  without  the  unpleasant  efiects  of  an  open  window.  By  means  of  screens 
next  the  open  sash  and  above,  strained  over  with  gauze,  the  "blacks"  and  dust  are 
kept  out,  and  the  body  of  fresh  air  admitted  to  the  room  can  be  controlled  at  wUl, 
according  to  the  height  to  which  the  outside  sash  is  opened.  This  ventilating-case 
is  made  to  contain  flowers  and  ferns,  so  that  the  general  appearance  is  extremely 
pretty  and  decorative,  while  the  result  as  regards  ventilation  is  eminently  satisfac- 
tory, the  ail'  in  its  upward  progress  being  filtered  and  moistened  by  passing  through 
the  flowers  and  ferns  below.  This  filtering  process,  by  means  of  the  plants,  takes  ofl' 
the  "  ammoniacal  and  carboniferous  impurities,"  to  quote  Mr.  Seymour  Haden,  with 
which  the  air  of  large  towns  is  so  materially  laden,  and  the  picturesque  and  gi-acef  ul 
appearance  of  growing  plants  is  made  to  assist  the  purity  and  healthiness  of  the 


room. 


There  are  many  simple  and  efiective  means  of  providing  fair  ventilation  without 
discomfoi-t,  and  in  conjunction  with  the  decoration  of  the  rooms ;  amongst  others 
I  would  suggest  as  the  simplest  means  of  bringing  in  fresh  air,  the  use  of  small 
upright  shafts  or  tubes  in  the  angles  of  the  rooms,  communicating  with  the 
external  air,  and  provided  with  simple  regulating  valves ;  gratings  over  the  door- 
openings  leading  to  the  staircase  wells,  the  inner  grating  being  fixed  at  a  much 
higher  level  than  the  external  one,  so  as  to  prevent  down-draught  as  far  as  possible ; 
these  gratings  are,  I  know,  objected  to  often  on  the  ground  that  tlicy  admit  and 
let  out  sound,  and  are,  to  a  certain  extent,  productive  of  draughts. 
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Mucli  more  might  be  written  on  this  subject  of  ventilation,  were  the  subject 
not  to  be  treated  specially  hereafter.  My  object  in  briefly  alluding  to  it  is  to  insist 
that  it  should  form  a  part  of  the  practical  decoration  of  every  sleeping-room,  and 
that  it  may  well  and  easily  be  incorporated  with  the  decorative  treatment  of  any 
room. 

Curtains  and  ornamental  blinds  are  generally  quite  unnecessary  in  any  house 
if  a  little  thought  and  care  be  taken  with  regard  to  the  general  decoration  and 
arrangement  of  the  rooms.  These  hangings  naturally  hold  dirt,  and  where  there 
is  dirt  there  must  be  disease.  In  the  bed-rooms  dark  blinds  will  effectually  shut 
out  light,  and  in  the  sitting-rooms  use  should  be  made  to  a  much  larger  extent 
of  coloured  glass,  of  good  and  harmonious  colouring,  by  which  a  soft  pleasant  light 
may  be  infused  into  the  rooms,  and  a  protection  be  obtained  from  the  glare 
of  sun-light.  Roller-blinds  must  still  form  part  of  the  window  furniture,  but 
let  these  be  of  some  glazed  material  and  not  of  the  fluffy  frilled  stuffs  that  are 
now  becoming  fashionable;  all  these  kuid  of  things  hold  dirt,  get  dusty,  soon 
want  changing,  and  are  necessarily  expensive  and  objectionable.  Everything  about 
the  house  should  be  made  useful,  all  ledges  and  unnecessary  dust-spaces  should 
be  carefully  avoided,  and  everything  so  arranged  that  it  may  be  easily  cleaned 
with  as  little  labour  or  trouble  as  possible;  all  furniture  which  has  superfluous 
carving  or  moulding  should  be  avoided,  and  simplicity,  iitility,  and  common  sense 
should  take  the  place  of  the  excessive  ornamentation  with  which  much  of  the 
modern  type  of  furniture  is  over-laden,  to  the  detriment  of  health  and  the  loss 
of  money.  There  is  no  reason  why  we  should  "  convert  our  homes  into  pest- 
houses  by  a  .style  of  fui-nishing  which  renders  accumulations  of  filth  not  only  likely 
but  positively  inevitable." 

It  may  be  said  that  curtains  tend  to  the  comfort  and  warmth  of  a  room,  and 
therefore  cannot  be  done  away  with.  If  they  must  be  used,  let  them  hang  straight 
down  in  natural  folds  from  a  light  painted  iron  or  brass  rod,  and  not  be  "  draped  " 
or  "  looped "  up  so  as  to  form  lodgment  spaces  for  dust.  When  pulled  across  the 
window  they  will  answer  all  the  purposes  of  keeping  out  light  and  draught,  and  can 
be  .easily  brushed  down,  whereas  if  "  draped "  up,  a  portion  rests  upon  the  floor 
when  they  are  drawn  over  the  windows  at  night,  and  collects  and  retains  dust.  All 
fiinges  and  valences  should  be  avoided  for  the  same  reason,  as  well  as  from  the  fact 
that  they  are  utterly  inartistic.  If  the  wall-space  be  divided,  and  the  upper  portion 
treated  with  painted  or  distemper  decoration,  and  the  woodwork  of  the  window 
treated  properly  as  a  framework  to  the  light  or  glass  surface,  curtains  will  only 
damage  the  artistic  -effect,  by  cutting  up  and  interferiiag  with  the  ornament  and 
design  of  the  frieze.  In  a  dining-room,  they  natui-ally  absorb  and  retain  the  smell 
of  food,  and  tend  to  make  the  room  stuffy  and  luihealthy ;  and,  for  the  same 
reasons,  they  should  be,  as  far  as  possible,  avoided  in  the  sleeping-rooms  of  our 
house.  It  is  impossible  to  get  rid  of  the  smell  of  tobacco-smoke  in  any  room  where 
curtains  are  used,  as  after  a  time  the  material  of  which  they  are  made  becomes 
practically  saturated,  and  the  stale,  unwholesome  smell  becomes  almost  as  bad  and 
unbearable  as  that  which  all  travellers  must  have  noticed  in  the  smoking  carriao^es 
of  railways  where  they  are  lined  with  cloth  or  other  absorbent  material.  It  is  not 
necessary  that  the  architrave,  or  enframing  moulding  of  the  windows,  should  be  left 
perfectly  straight:   the  upper  portion  may  have  some  small    central  designed 
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ornament,  or  the  decoration  above  the  moulding  may  be  so  treated  as  to  take  off 
from  the  square  effect  of  the  opening. 

Cleaji  out  as  often  as  possible  every  room  and  every  cupboard  in  the  house,  give 
away  anything  that  is  fit  to  give  away,  which  may  no  longer  be  required  by  'your- 
selves, and  burn  or  destroy  all  other  litter  and  lumber,  which  are  only  resting-places 
for  dirt  and  dust,  and  living  impurities  which  grow  out  of  dirt  and  dust. 

The  National  Health  Society  is  doing  good  work  in  promoting  all  matters  wliich 
tend  to  improve  the  sanitation  of  our  dwellings,  and  although  the  following  remarks 
on  the  removal  of  dust  may  not  strictly  come  within  the  Hmits  of  this  article,  yet. 
the  nuisance  and  damage  caused  to  our  rooms  and  everything  within  them  by  the 
weekly  stirring-up  or  "removal"  of  the  refuse  and  ashes  from  the  dust-bin  is  .so 
serious,  that  I  do  not  hesitate  to  insert  here,  and  heartily  endorse,  a  suggestion 
of  Mrs.  Priestley's  for  rendering  this  weekly  scourge  as  small  a  nuisance  as  possible. 
Who  has  not  experienced  the  nuisance  which  Mrs.  Priestley  describes,  in  the 
heat  of  summer,  when  doors  and  windows  are  open,  of  the  nauseous  odours  which 
rise  up  from  the  cellar  or  out  of  a  dust-bin,  into  which  "everything  filthy  and 
decomposing  is  thrown,  and  allowed  to  lie  unheeded,"  only  to  be  aggravated  by  its 
weekly  or  bi-weekly  stirring-np  and  removal,  when  the  dust  and  tilth  are  scattered 
broadcast  everywhere,  and  in  its  descent  to  the  dust-cart  sends  up  a  stream  of  foul 
dusty  vapour,  which  is  blown  into  the  house,  to  the  manifold  detriment  of  everything 
with  which  it  comes  in  contact,  and  of  our  own  bodily  comfort  and  health  t  Mrs. 
Priestley  suggests  that  this  serious  evil  can  be  reduced  to  a  minimiim  by  doing  away 
entirely  with  all  dust-bins,  and  substituting  open-mouthed  sacks  hung  up  in  one 
of  the  area  cellars  by  means  of  small  hooks  across  two  light  iron  rods  fixed  pai-allel, 
about  twelve  inches  apart.  Into  these  sacks  the  servants  can  readUy  empty  the 
dust  and  ashes,  and  the  dustman  has  simply  to  loop  up  the  sacks  when  full  and 
carry  them  to  his  cart,  with  comfort  to  himself  and  every  one  concerned.  The  man 
himself  is  thankful  to  be  saved  from  the  dust-vapour,  which  compasses  him  in  every 
way  imder  the  old  system  and  seriously  affects  his  health,  and  is  glad  to  take  the 
slight  extra  trouble  requisite  in  returning  the  sacks — of  which,  of  course,  two  sets 
must  be  pi'0\'ided.  The  sacks  can  be  obtained  for  2s.  each,  and  the  rods  can  be  fitted 
up  at  a  trifling  cost.  The  London  vestries  will  do  well  to  urge  the  general  adoption 
of  Mrs.  Priestley's  valuable  suggestion  for  I'emedying  a  veiy  serious  nuisance  and 
evil.  The  kitchen  refuse  can  be  kept  in  a  large  covered  pail  and  removed  every 
day,  for  if  kept  and  allowed  to  decompose  it  must  inevitably  breed  disease  and 
discomfort. 
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CHAPTER  XXXV. 

AKSENIC    IN    WALL-PAPERS    AND  PAINTS. 

By  Malcolm  Mokris,  F.R.C.S.E. 

General  Adulteiatiou — Ai'seuic  Proliibitecl  Abroad— Aisenical  Poisoning  an  Actual  Fact  —Difficulty  of 
Proof  in  some  cases— Nature  and  Extent  of  the  Evidence— Simple  Test  for  Arsenic. 

John  Bunyan,  in  his  "  Holy  War,"  which  Macaulay  has  eulogised  as  a  "  mivacle  of 
genius,"  has  depicted,  in  quaint  but  graphic  language;  the  assault  and  capture  of  the 
once  flourishing  town  of  Mansdul.  We  are  told  that  of  the  besieged  garrison  the 
first  to  be  disposed  of  was  one  Captain  Resistance,  who  succumbed  to  a  shaft  from 
the  bow  of  Tisiphone,  and  that,  deprived  of  his  services,  the  town  shortly  after 
suirrendered  to  the  victorious  Diabolus. 

The  sequel  is  a  gloomy  picture.  The  town  speedily  yields  itself  a  prey  to 
artifice  and  deceit,  and  imder  the  reign  of  the  tyrant  loses  all  trace  of  its  former 
purity  and  peace.  If  the  "indulgent"  reader,  as  it  was  once  the  fashion  to  style 
him,  will  not  be  too  hypercritical,  I  think  this  grand  old  allegory  may,  with  a  little 
adaptation,  be  made  to  illustrate  the  present  condition  of  one  of  the  not  least 
important  questions  affecting  the  welfare  of  the  community  :  viz..  Adulteration. 

•If  for  "  Resistance  "  we  read  Self-preservation;  for  "  Tisiphone's  Shaft,"  Inertness] 
for  "  Artifice  and  Deceit,"  Adulteration  and  all  occult  noxious  influences ;  for  "Dia- 
bolus,"  the  enemy  of  souls.  Disease,  the  enemy  of  bodies ;  for  "  Purity  and  Peace," 
Physical  Health  and  Happiness  ;  and  for  "  Mansoul,"  England — I  do  not  think  we 
shall  be  much  overstating  the  gravity  of  the  situation. 

To  drop  metaphor  and  come  to  the  point :  Is  not  the  national  life  being  sapped 
by  the  wholesale  traffic  in  adulteration,  and  by  the  toleration  of  remediable  evils  of 
all  sorts  1  To  the  latter  I  shall  have  more  particularly  to  refer  presently.  But  in 
the  first  place,  I  would  ask,  with  all  earnestness,  What  does  it  avail  us  to  have 
"Our  Homes"  healthy,  if  the  food  we  eat  be  robbed  of  its  life-sustaining 
properties?^  Our  legislators  awoke,  in  a  measure,  to  the  gravity  of  the  con- 
sideration in  1875,  when  an  Act  was  passed  making  the  adulteration  of  food  a 
penal  offence.  But  this  did  no  more  than  touch  the  fringe  of  the  great  ques- 
tions of  hygienic  reform.  We  must  literally  look  nearer  home,  the  English- 
man's boasted  castle,  and  see  what  legislation  has  done  for  that.  What  have 
the  sanitary  inspectors  done  1  Here  is  a  little  rule-of-three  sum :  If  a  prince  for 
the  outlay  of  about  £40,000  obtain  a  house  that  is  practically  little  better  than 
an  ornamental  sewer-gas  factory,  what  sort  of  pest-house  may  one  expect  to  rent 
at  from  £50  to  £100  per  annum?  And  here  is  another:  If  adulteration  of 
food,  hedged  about  as  it  is  with  stringent  laws,  thrives— as  it  assuredly  does— in 
spite  of  the  periodical  prosecutions  one  reads  of  from  time  to  time  in  the  press 
what,  think  you,  is  likely  to  be  the  extent  of  similar  mischief,  in  a  branch  of  the 
same  business  with  which  the  law  does  not  meddle?  I  refer  to  the  wholesale 
poisonmg  of  articles  of  dress,  wall-papers,  paints,  &c.,  which  more  immediately 
aflects  the  question  of  "  Our  Homes,  and  how  to  make  tliem  Healthy  " 
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It  IS  almost  inconceivable  that  here  in  England,  where  so  much  has  been  at  all 
events  attempted,  with  a  view  to  restricting  the  introduction  of  deleterious 
ingredients  into  articles  of  food,  the  wholesale  employment  of  arsenic  in  the 
colouring  of  many  descriptions  of  wearing  apparel  and  household  furniture  should 
be  recognised  and  tolerated. 

Prussia,  long  years  ago,  set  us  an  example,  by  prohibiting  the  sale  of  all  articles 
coloured  Avith  arsenical  pigments.  Bavaria,  as  fai-  back  as  1845,  imposed  Hke 
restrictions.  France  will  not  permit  the  sale  of  arsenical  wall-papers.  Sweden,  in 
1879,  passed  a  stringent  decree  against  them.  But  England,  as  yet,  has  proved  a 
far  too  sacred  soil  for  any  such  radical  process.  The  fact  is,  we  do  not  as  a  nation 
take  kindly  to  paternal  government.  We  like  to  think  and  act  for  ourselves,  and 
at  first  blush  it  does  look  as  if  by  discarding  arsenic  we  should  deprive  ourselves  of 
some  of  ^  our  best  colours.  But  this  is  not  the  case,  ^stheticism  need  "  moult  no 
feather,"  for  although  within  my  knowledge  many  of  its  colours  contain  arsenic, 
it  is  by  no  means  an  essential  to  their  beauty. 

The  rejoinder  of  the  Protestant  to  the  Catholic  priest,  who  cynically  inquired 
where  his  religion  was  but  a  few  centuries  ago,  "  Where  was  your  face  before  it  was 
M'ashed  1 "  precisely  defines  my  ^dews  with  regard  to  all  these  injurious  pigments. 
Majiufacturers  are  not  dependent  on  deleterious  ingi-edients  by  any  means.  It  is 
well  known  that  the  most  beautiful  and  delicate  tints  can  be  produced  without 
employing  one  single  grain  of  arsenic.  Colours  the  most  chaste  and  perfect  existed 
Ijefore  ever  men  sought  for  arsenic.  We  adapt  ourselves  to  circumstances  very 
readily.  The  proverbial  "  mother  of  invention  "  can  scarcely  be  more  propitiously 
invoked  than  to  aid  us  in  searching  for  that  which  shall  render  the  useful  and  the 
beautiful  alike  innocent  as  well.  But  has  any  one  attempted  "to  wash  the 
face,"  so  to  speak,  of  these  objectionable  jjigments  1  Yes ;  and  successfully.  First, 
however,  before  mentioning  remedies,  let  me  endeavour  to  indicate  the  disease. 
And  I  will  begin  by  saying  that  danger  is  lurking  at  the  present  moment  un- 
suspected in  many  a  home,  and  that  it  is  no  uncommon  thing  for  mm  and  women 
to  die,  poisoned  by  arsenic  in  a  wall-paper. 

The  reader's  smile  of  derision  can  be  imagined  as  he  reads  these  words.  He 
has  lived,  he  says,  for  years  with  his  walls  hung  all  over  with  the  brightest  of 
greens,  and  yet  he  is  alive.  Well,  that  we  will  not  be  so  metaphysical  as  to  doubt. 
And  he  is  in  good  health,  for  aught  he  knows.  But  if  ever  he  should  be  ill,  let 
us  remind  him  that  he  will  suspect  none  but  known  causes.  Like  Hotspur's 
Avife,  "you  cannot  utter  what  you  do  not  know."  Our  knowledge  is  very 
limited,  even  now — the  physician's  as  well  as  the  patient's.  What,  then,  if  the 
cause  he  seeks  whereby  to  account  for  his  ill-health  should  lie  outside  the  domain 
of  intuitive  domestic  economy,  and  even  also  evade  his  doctor's  practised  eyel 
What  if  Nature,  our  great  schoolmistress^  who  teaches  us  wisely  by  littles  at  a  time, 
be  but  now  admitting  us  to  a  new  fact,  a  fresh  lesson  in  the  jurisprudence  of  self- 
preservation?  Let  us  see  if  it  be  so.  And  since  all  we  know  to-day  was  once  new 
to  the  world,  let  us  be  very  careful  how  we  receive  her  tuition,  for  she  wastes  no 
words  on  us,  and  if  a  hint  be  all  she  deigns  to  give,  let  us  be  grateful  even  for  that. 

From  the  somewhat  obscure  nature  of  questions  of  this  kiud,  it  is  very  difficult 
to  deal  with  them  in  an  attractive  or  popular  way.  Still,  the  point  to  which  we 
desire  to  direct  attention  is  of  such  vital  importance,  that  prominence  ought  to  be 


SUBTLETY  OF  ARSENIC  POISONING. 


367 


given  to  it  in  a  work  on  "  Our  Homes,  and  how  to  make  them  Healthy " ;  for 
surely  no  home  has  any  claim  to  be  considered  healthy  so  long  as  a  subtle  poison 
coats  its  walls  and  contaminates  its  air. 

First,  then,  it  behoves  us  to  examine  the  truth  of  the  assertion  that  people  suffer 
materially  in  health — sometimes  die — from  the  effects  of  arsenic  imported  into  wall- 
papers or  paints.  And  if  I  fail  to  prove  my  case  to  absolute  demonstration,  I  shall 
at  any  rate  be  able,  .!  am  convinced,  to  adduce  such  sufficient  evidence  of  a  circum- 
stantial character  as  will  lead  my  readers  to  act  with  caution,  and  pending  fuller 
testimony — which  will  be  soon  given  to  the  world — to  shun,  as  they  would  a  fever 
infection,  all  articles  admittedly  containing  arsenic. 

One  question  will  be  asked  at  once  :  How  am  I  to  distinguish  that  which 
is  dangerous  from  that  which  is  harmless  1  And  here  we  are  met  by  a 
difficulty.  There  ought  to  be  no  element  of  doubt  in  the  matter.  If  our  sanitary 
arrangements  were  on  a  par  even  with  our  system  of  police  (and  that  is  not  putting 
the  standard  very  high),  discrimination  ought  to  be  unnecessary.  A  mere  suspicion 
of  miscluef  brewing,  the  apparent  intention  to  commit  a  felony,  justifies  a 
constable  in  apprehending  the  suspected  person,  and  a  magistrate,  if  need  be,  in 
consigning  him  to  prison,  prevention  being  considered  better  than  cure. 

Not  so  with  wholesale  poisoning.  Each  sufferer  must  judge  for  liiraself,  and, 
worse  than  all,  when  the  iniquity  is  discovered  thei-e  is  no  penalty  meted  out  for 
the  offence.  As  the  law  at  present  stands,  we  cannot  punish  the  poisoner,  nor  can 
we  prevent  his  disseminating  his  poison.    The  law  does  not  interfere. 

But  this  is  no  reason  why,  when  we  have  found  him  at  his  deadly  work,  we 
should  voluntarily  make  ourselves  his  victims.  Indeed,  some  of  the  manufacturers 
of  these  injurious  pigments,  counting  on  the  ignorance  that  exists  as  to  the  harm 
their  goods  are  working  in  the  community,  make  bold  to  acknowledge  the  admixture 
of  this  noxious  agent.  All  we  can  do  is  to  use  the  evidence — often  dearly  bought 
and  scantier,  it  may  be,  than  we  could  wish — which  tends  to  point  to  arsenic  as  tlie 
only  explanation  of  the  otherwise  mysterious  coincidences  that  occur  constantly  in 
connection  with  cases  which,  from  their  peculiarities,  have  baffled  all  other  solutions. 

There  are  a  certain  number  of  people — and  their  number  is  daily  increasing,  we 
find,  as  we  look  more  carefully  into  the  subject— who  suffer  chronically  from  ill- 
liealth  of  a  kind  most  difficult  to  describe ;  in  some  cases  trifling,  perhaps,  but  still 
chronic.  No  cause  at  all  is  assigned  to  their  ailments.  The  miscliief  is  laid  at  the 
door  of  a  variety  of  things  having  nothing  whatever  to  do  witli  it.  This  is  an 
Rvery-day  experience.  The  nature  of  a  man's  occupation  is  blamed,  or  over-work  is 
said  to  be  at  the  root  of  the  morbid  condition  ;  anything,  in  fact,  but  the  real  source 
of  tlie  evil.  Change  of  air  is  recommended  as  a  remedy,  ^vith  mai-ked  beneficial 
i-esults.  All  the  credit  is  given  to  the  bracing  air  of  the  place  visited  (justly, 
in  a  sense),  and  to  the  rest  from  work  and  freedom  from  anxiety.  Nothing  is  said 
about  the  removal  from  a  special  condition  of  contaminated  air.  Of  course,  we  do 
not  pretend  that  all  cases  such  as  these  are  ascribable  to  arsenical  poisonino-.  In 
these  times  of  fast  living  there  must  be  periods  of  relaxation.  But  what  we  want  to 
urge,  and  that  strongly,  is  that  when  a  relapse  takes  place  after  the  return  home, 
and  some  of  the  now  well-understood  indications  occur  to  put  the  doctor  or  patient 
on  his  guard,  and  to  lead  to  the  suspicion  of  the  cause  we  have  named,  such  broad 
hints  should  not  be  lightly  set  aside. 
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The  only  safe  way  to  test  the  question  is  for  the  patient  who  is  sufferincr  from 
more  or  less  chronic  disorder,  the  nature  of  which  is  doubtful,  to  submit  to  the 
experiment  of  alternately  living  in,  and  then  avoiding  for  a  period,  the  suspected 
room.  Should  the  symptoms  entirely  disappear,  or  even  greatly  improve,  while  he 
is  away  from,  and  re-appear  or  increase  in  severity  on  his  return  to,  the  room 
usually  occupied,  it  is  a  strong  argument  that  there  Ls  something  in  the  room 
which  produces  the  change. 

Well,  then,  let  us  see  what  are  the  symptoms  of  arsenical  poisoning  by  wall- 
papers, &c.  Are  they  easy  to  recognise?  or  do  they  simulate  other  diseases? 
Undoubtedly  they  do ;  hence  the  difficulty.  Arsenic  is  largely  used,  and  has  long 
been  employed  internally  as  a  powerful  remedial  agent  in  ague  and  diseases  of  the 
skin,  and  in  some  cases  it  is  administered  with  good  effect  in  very  considerable 
quantities.  But  the  effects  of  an  over-dose  differ  materially  from  those  observable 
in  the  process  we  are  considering.  When  taken  intentionally,  it  is  a  well-known 
fact  among  doctors  that  individuals  can  acquire  the  habit  of  taking  large  doses  of 
arsenic  without  its  apparently  producing  any  effect.  And  before  we  proceed  to 
consider  the  various  groups  of  cases  of  well-authenticated  poisoning  by  wall-papers, 
it  will  assist  us  to  review  some  of  these  phases  of  its  action.  One  of  the  best 
examples  of  its  free  and  unrestricted  application  occurs  among  the  Styrian 
peasants.  It  is  used  by  them  to  improve  their  personal  appearance,  and  also  to 
enable  them  to  breathe  better.  The  men  regard  it  affectionately,  much  as  we  do 
tobacco — not  as  a  narcotic,  however,  for  it  is  not  that — but  rather  for  its  tonic 
properties.  They  think  it  increases  their  strength,  assuages  their  troubles,  and 
makes  them  capable  of  carrying  heavy  loads  at  high  altitudes  -without  fatigue.  As 
much  as  four  grains  has  been  known  to  be  consumed  by  one  of  them  at  a  dose. 
The  women,  too,  employ  it  to  give  brightness  to  their  complexions.  So  that  it  is 
credited  with  the  powers  of  conferring  both  strength  and  beauty, 

In  England  it  is  given  to  improve  the  appetite  of  the  horse,  and  render  his  coat 
sleek  and  glossy.  It  was  so  employed  by  a  groom  at  Balham,  and  the  coincidence 
of  his  master  dying  from  poison  at  first  led  to  curious  complications. 

When  given  as  a  medicine,  arsenic  acts  as  an  important  nervine  tonic.  Its 
action  is  well  known,  so  that  physicians  administer  it  over  long  periods  and  in 
increasing  doses,  not  only  without  bad,  but  with  decidedly  good  results. 

These  are  facts  which  make  those  who  give  arsenic  as  a  remedy,  sceptical  when 
they  hear  it  asserted  that  even  a  comparatively  small  quantity  of  the  metal,  if 
mixed  with  the  pigments  of  a  wall-paper,  or  forming  one  of  the  ingredients  of  a 
paint,  may  give  rise  to  serious  and  dangerous  symptoms  of  poisoning. 

As  a  rule,  the  first  sign  of  poisoning,  when  the  arsenic  is  taken  by  the  mouth,  is 
pain  at  the  pit  of  the  stomach,  which  becomes  worse  on  takmg  food ;  then  the  eyes 
become  affected,  the  Uds  swollen,  the  whites  appearing  inflamed  and  red.  There  is 
also  much  irritation  and  dimness  of  sight.  After  this,  if  the  poison  be  of  sufficient 
quantity,  graver  symptoms  arise.  Diarrhoea  sets  in,  accompanied  by  sickness, 
congh,  and  spitting  of  blood ;  the  hair  and  nails  fall  off,  and  finally  the  patient  sinks 
from  exhaustion. 

The  amount  of  arsenic  that  can  be  taken  by  an  individual  with  impunity  varies 
enormously.  Some  people  are  particularly  susceptible  to  its  use.  Then  again,  the 
too  rapid  increase  of  tlie  dose  has  much  to  do  with  disturbing  its  beneficial  action. 
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From  want  of  care  in  prescribing,  it  has  come  to  be  considered  more  dangerous 
than  it  really  is  when  judiciously  handled,  and  has  obtained  the  ill  name  of  a 
cumulative  poison.  The  mucous  membrane,  upon  which  it  acts,  needs  to  be  steadily 
watched,  and  the  outer  coat  of  the  eye  gives  an  unfailing  indication  of  the  moment 
at  which  it  should  be  discontinued.  Of  course,  the  idiosyncrasies  and  peculiar  tem- 
peraments of  different  people  make  the  study  of  the  application  of  this,  as  of  many 
other  medicines,  very  diflficult ;  and  just  as  they  are  susceptible  or  otherwise  to  its 
administration  in  one  form,  so  will  they  be  affected  by  it  in  another.  This  is  often 
overlooked;  People  have  frequently  told  me  that  they  themselves  live  in  rooms 
papered  with  palpably  arsenical  papers,  and  that  they  still  enjoy  good  health,  and 
do  not  intend  to  have  them  removed.  My  answer  to  this  is,  that  either  they 
do  not  occupy  any  particular  room  for  long  together,  or  they  belong  to  that  fortunate 
class  of  persons  who  can  take  arsenic  with  impunity.  To  give  an  instance,  it 
would  be  clearly  absurd  to  expect  that  a  sporting  man,  or  one  with  out-door  tastes, 
should  suffer  if  his  study  were  covered  with  the  brightest  of  bright  gi-een 
papers.  If  he  were  to  A'isit  an  arsenic  factory  as  often,  he  would  take  no  harm. 
It  is  those  who  live  in,  who  use  their  rooms,  who  ought  to  be  protected  from  what 
has  been  not  inaptly  termed  the  "  devil's  dust." 

The  most  dangerous  because  the  most  generally  used  preparation  employed  in 
wall-paper  printing  is  the  trioxide  of  arsenic.  We  find  it  largely  in  what  is  called 
"Scheele's  green."  Then  there  is  the  emerald-green,  an  aceto-arsenite  of  copper, 
for  producing  the  more  delicate  tints,  while  aniline  dyes — the  red  especially — are 
indebted  mainly  to  arsenious  acid.  To  make  the  colour  adhere  to  the  surface,  size 
or  organic  matter  of  some  kind  is  introduced,  whether  it  be  used  to  stain  paper 
or  the  fibres  of  which  muslin  is  composed.  This  when  dry  cracks  and  peels  off 
with  the  slightest  friction.  Besides  this,  some  of  the  more  potent  forms  of  arsenic 
are  very  volatile,  and  become  gaseous  at  a  very  low  temperature,  as  evidenced  by 
their  odour  and  yellowish  colour ;  and  though  the  ordinary  observer  may  not  detect 
the  vapours,  they  are  carried  and  diffused  by  the  motion  of  the  air  in  the  moist  warm 
days  of  summer,  and  stealthily  invade  the  skin  and  lungs  in  quantities  that  render 
them  very  potent  for  evil.  From  fourteen  to  seventeen  grains  have  been  found  in 
each  square  foot  of  arsenical  paper,  while  in  certain  papers  printed  with  a  peculiar 
pigment  no  less  than  fifty-nine  per  cent,  of  arsenious  acid  has  been  demonstrated. 

Dr.  Tidy  tells  us  that  "volatility  and  virulency  usually  go  together."  Now,  the 
decomposition  of  the  size  or  other  vehicle  for  the  colour  produces  a  gas,  known  as 
arseniuretted  hydrogen,  which  is  quickly  absorbed  by  the  lungs  and  skin— even  more 
quickly  than  the  dust — and  this  gas  is  a  most  deadly  poison. 

Then  again,  green  is  by  no  means  the  only  dangerous  colour ;  others  are 
fully  as  harmful.  Blue,  mauve,  red,  and  brown  have  been  found  to  contain 
great  quantities  of  arsenic ;  even  the  delicate  Frejich  greys  yield  it  very  considei- 
ably.  In  fact,  paper-hangers  complain  of  more  discomfort  in  handling  these  grey 
papers  than  with  most  of  the  others.  A  farmer  in  Cambridgeshire  lost  three  of*'  his 
cattle  owing  to  their  having  eaten  some  green  paper  which  in  the  course  of  cleaning 
had  been  torn  from  the  walls  of  the  house  in  which  he  lived.  Surely  these  are  facts 
that  will  not  bear  trifling  with. 

Let  us  now  glance  at  the  e\'idence  that  has  recently  been  obtained  from  the 
best  and  most  trustworthy  sources. 
28 
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Some  two  years  siuce  the  Medical  Society  of  London  appointed  a  committee  to 
investigate  this  question.  The  committee  issued  a  series  of  questions  to  the  mem- 
bers of  the  medical  profession,  throughout  England,  and  in  reply  received  most 
satisfactory,  though  rather  startling  information ;  no  less  than  one  hundred  cases 
of  arsenical  poisoning,  of  what  may  be  called  a  domestic  kind,  being  fully  reported. 
Some  of  the  most  salient  points  of  these  I  will  quote  in  tli^  words  of  the  com- 
mittee's report  : — 

Case  i. — "  For  more  than  a  year,"  writes  a  practitioner  of  eminence,  "my own  wife  suffered 
repeated  attacks  (one  of  gi-cat  severity)  of  enteritis.*  The  patient  was  in  the  habit  of  sitting  the 
j^Toater  part  of  the  day  in  a  room  papered  with  green  paper.  Without  any  reference  to  the  symp- 
toms, the  paper  was  accidentally  changed  to  another  colour.  It  was  noticed  by  me  afterwards 
that  the  symptoms  had  disappeared.  It  then  occurred  to  mo  that  it  might  he  due  to  the  green 
pigment,  and  on  testing  a  piece  of  the  old  paper,  I  found  abundance  of  arsenic." 

Case  II. — A  physician  and  his  wife  suffered  from  conjuncti«tis,t  and  from  nausea  after  food. 
On  the  arrival  of  a  relative,  who  soon  was  attacked  in  a  similar  manner,  the  cause  was  traced  to 
the  drawing-room  paper,  which  contained  arsenic. 

Case  in. — A  distinguished  consulting  surgeon  lost  two  children  from  enteritis.  The  cause  of 
the  illness  was  a  mystery  imtil  after  their  death,  when  the  nursery-paper,  the  pattern  of  which 
Avas  a  fuchsia,  leaves  and  blossom  on  a  brown  gi'ound,  was  found  to  contain  arsenic. 

Case  iv. — A  medical  man  and  wife  suffered  from  headaches,  nausea,  and  conjunctivitis,  all  of 
which  were  worse  early  in  the  morning.  The  symptoms  abated  when  the  bed-room  paper  was  re- 
moved.   It  contained  arsenic. 

Case  v. — A  surgeon  suffered  severely  for  several  days  from  extreme  depression,  diarrhoea, 
griping,  and  asthma  at  night ;  and  his  wife  some  days  afterwards  being  affected  with  similar 
symptoms,  the  paint  of  the  sitting-room  was  suspected  by  the  physician  in  attendance.  It  was 
found  to  contain  a  large  quantity  of  arsenic. 

Case  vi. — A  consulting  physician  had  a  severe  attack  of  enteritis,  with  hsemorrhago  and  great 
prostration.  All  the  symptoms  disappeared  on  the  removal  of  the  paper  of  his  study.  It  contained 
a  large  amount  of  arsenic. 

Case  vii. — A  physician,  in  reporting  his  own  case,  says  he  had  "  intense  cephalalgia,!:  con- 
junctivitis, with  intolerance  of  light,  great  depression,  loss  of  aj)petite,  with  gastric  irritation — 
worse  when  using  the  study,  the  wall-paper  of  which  contained  arsenic." 

Case  yui. — A  physician  says  he  suffered  from  griping,  constipation,  and  headache  for  more 
than  two  years.  He  noticed  that  the  symptoms  were  worse  on  entering  the  dining-room  in  the 
morning,  after  it  had  been  closed  during  the  night.  "I  soon  recovered  on  the  removal  of  the 
cause."    The  dining-room  paper  contained  arsenic. 

Case  ix. — A  consulting  physician  and  his  wife  both  suffered  from  restlessness,  loss  of  sleep, 
malaise,  and  headache.  The  symptoms  lasted  a  fortnight,  but  disappeared  when  the  bed-room 
paper  was  removed.    This  was  proved  to  contain  arsenic. 

Case  x. — A  surgeon  says  that  his  wife,  child,  and  himself  had  irritable  cough,  accompanied  by 
wakefulness,  restlessness  dui-ing  sleep,  and  irritation  of  the  eyelids.  All  the  symptoms  disappeared 
in  a  week  or  ten  days  after  the  removal  of  the  bed-room  paper,  which  contained  arsenic. 

Among  the  chief  other  cases  reported,  dian-hoea,  nausea,  and  intestinal  mischief  occuiucd  in 
thirty-five  ;  severe  depression  in  sixteen  ;  conjunctivitis  in  nineteen;  and  cough,  asthma,  &c.,  m 
nine.  Several  insttmces  of  external  irritation  are  mentioned,  such  as  eczemaj  from  stockings  and 
gloves,  conjunctivitis  from  tulle  dresses,  eczema  of  the  head  from  artificial  flowers,  &c. 

It  should  be  remarked  that  the  foregoing  statements  have  not  emanated  by  any  means  ex- 
clusively from  men  having  preconceived  notions  of  the  value  of  careful  investigation  in  sucli  oil'- 
cumstances.  On  the  contrary,  the  conclusions  arrived  at  by  them  have  been  forced  iipon  their 
acceptance  by  stem  necessity  as  the  only  solution  of  an  enigma,  and  in  many  cases  in  direct 
opposition  to  their  own  d  priori  judgment  and  previous  opinions.  They  are  men,  many  of  them, 
standing  high  in  tho  profession,  whose  opinions  should  carry  weight  with  their  colleagues ;  and  it 

•  Inflammation  of  the  bowels.  t  Inflammation  of  the  eye.  t  Headache. 

§  lufliimniBtion  of  tho  skin. 
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follows  that  if  only  after  ranch  careful  watching,  and  by  a  process  of  exhaustion  or  exclusion, 
they  were  able  to  determine  the  real  sources  of  the  evil,  there  must  he  a  vast  amount  of  infor- 
mation yet  to  be  obtained  when  time  and  a  better  knowledge  of  this  subtle  poison  and  its  worlrings 
shall  have  brought  the  profession  to  unite  their  efforts  to  sift  and  study  the  matter.  As  an  illus- 
tration of  the  difficidty  of  tracing  the  symptoms  to  their  actual  source,  no  stronger  fact  could  be 
adduced  than  that  so  large  a  percentage  of  the  patients  were  living  in  the  houses  of  the  medical 
men  themselves,  and  thus  directly  and  constantly  under  their  scrutiny.  This  seems  to  indicate 
that  exceptional  facilities  are  necessary  to  the  discovery  of  the  evil.  Not  only  must  the  symp- 
toms be  watched  and  tested,  but  every  article  that  suggests  an  explanation  must  be  suspected. 
The  occurrence  and  recurrence  of  the  mischief  under  certain  conditions  vnU  often  lead  to  its 
detection.  But  as  all  these  precautions  involve  much  labour  and  assiduous  attention,  it  is  too 
much  to  expect  them  to  be  employed  except  by  such  as  possess  both  the  knowledge  and  the 
detei-mination  necessary  to  support  them  in  their  search,  and  make  up  their  minds  not  to  be 
baffled  with  a  somewhat  impalpable  antagonist. 

It  will  have  been  seen  that  j^lenty  of  other  articles  besides  wall-papers  are 
heavily  charged  with  arsenical  compounds.  In  the  medical  report  from  which  I 
liave  quoted,  thirty-six  medical  men  attest  to  having  traced  cases  of  poisoning  to 
arsenical  paper,  and  five  to  paint,  while  very  many  more  have  detected  the  poison 
in  stockings,  wearing  apparel,  artificial  flowers,  bedsteads,  and  toys.  It  is  gratify- 
ing to  find  that  while  some  wall-paper  manufacturers  are  using  tons  of  arsenic  per 
week  in  the  production  of  colours,  others  are,  with  laudable  motives,  endeavouring 
to  counteract  the  baneful  practice  by  excluding  from  theii-  factories  every  vestige 
of  arsenic :  in  fact,  buying  no  colours  for  use  in  printing  without  a  guarantee  that 
they  are  perfectly  free  from  every  taint  of  the  dangerous  metal. 

Such  firms  would  gladly  co-operate  with  those  members  of  the  medical  profession 
who,^  being  conversant  with  the  wide-spread  evil  that  is  being  done,  desire  to  see 
restriction  placed  upon  the  employment  of  arsenical  pigments  in  every  shape.  In 
conclusion  then,  I  would  ask.  Has  not  the  time  anived  when  some  such  movement 
sliould  be  initiated  with  a  view  to  making  it  compulsory  that  such  articles  should,  at 
all  events,  be  advertised  as  containing  deleterious  matter,  in  order  that  purchasers  may 
be  made  aware  of  the  danger  they  are  incurring  in  their  use  1  And  if  my  humble 
efforts  should  be  instrumental  in  moving  some  influential  and  public-spirited  persons 
to  direct  the  attention  of  the  Legislature  to  the  question,  and  so  to  bring  about  the 
much-needed  reform,  I  shall  not  have  written  in  vain.  The  tlianks  of  aU  sanitary 
reformers  are  due  to  the  noble  energy  and  the  painstaking  work  of  Mr.  Henry  Carr, 
who  has  done  much  to  call  attention  to  this  question.  Those  who  are  interested 
will  do  well  to  read  his  Httle  but  important  book  on  "  Our  Domestic  Poisons."  To 
It  and  to  Mr.  Hogg's  monograph  I  am  indebted  for  much  information,  which  I 
gratefully  acknowledge. 

It  has  occurred  to  me  that,  pending  some  definite  legislation,  it  might  be  well  to 
provide  some  easy  test  whereby  those  interested  in  the  question  could  detect  with 
ceitamty  the  presence  of  any  arsenic  in  a  su.spected  article.  For  it  must  be 
remembered  that  a  mere  inquiry  of  builders,  vendors,  &c.,  would  inevitably  be  met 
by  a  comfortmg  assurance,  given  in  good  faith,  but  utterly  untrustworthy.  To  meet 
this  difliculty,  and  to  arrive  at  a  just  conclusion,  a  small  but  eflicient  test  apparatus 

John  J.  Grifiin  &  Sons,  22,  Garrick  Street,  London,  W.C.    It  consists  of  a  wooden 
plarinZTf  ''''''        ^^^^^^  -Pi^-'  a 
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INSTRUCTIONS  FOR  THE  USE  OF  THE  APPARATUS. 

From  fc)ae  paper  to  be  tested  cut  a  piece  four  inches  square,  or  if  any  particular 
colour  Le  suspected,  cut  this  colour  in  sufficient  quantity  to  make  up  the  above  size. 
Let  the  portion  to  be  tested  be  cut  up  into  small  pieces.  Fix  the  wire  support  in 
the  hole  on  the  end  of  the  case  ;  place  the  test-tube  in  the  ring  ;  put  the  paper  into 
the  tube ;  add  water  till  half  full,  then  one  tea-spoohful  of  hydrochloric  acid  (a 
glass  measure  or  silver  spoon  should  be  used) ;  light  the  lamp,  moderate  the  flame, 
and  place  it  underneath  the  test-tube.  Take  one  of  the  coijpers— if  it  is  tarnished 
brighten  it  with  a  piece  of  glass-paper— pass  the  platinum  wire  through  the  small 
hole,  and  as  soon  as  the  fluid  boils,  insert  the  copper,  noting  the  exact  time,  and 

loM'ering  the  flame  of  the  lamp  so  as  to 
maintain  a  gentle  simmering  only.  By 
means  of  the  platinum  wire  the  copper 
can  be  draAvn  out  and  examined  from 
time  to  time  as  the  test* proceeds. 

If  there  be  much  arsenic  present  the 
copper  will  be  coated  almost  immediately 
with  a  black  or  dark  steel  colour ;  if  less 
ai'senic  be  present  a  longer  time  will  be 
required,  varying  from  half  a  minute  to  at 
most  half  an  hour.  If  the  copper  be  not 
coated  all  over  in  that  time  the  paper  may 
be  accepted,  the  cases  being  rare  in  which 
this  process  does  not  detect  the  arsenic. 
A  mere  tarnish  or  slight  discolouration  of 
the  copper  must  not  be  accepted  as  an 
indication  of  an  arsenical  paper  The 
colour  of  copper  must  be  obliterated  entirely  all  over  to  constitute  an  arsenical 
coating.  If  the  copper  be  coated  the  paper  is,  in  all  probability,  arsenical,  though 
the  process  earned  thus  far  does  not  absolutely  prove  the  presence  of  arsenic ;  the 
exceptions,  however,  where  the  copper  is  coated  and  arsenic  not  present,  are  rare. 
No  paper  which  coats  the  copper  should  on  any  account  be  used,  unless  further 
tested  by  a  professional  chemist  or  medical  man. 

The  purity  of  the  copper  and  acid  supplied  with  this  ajiparatus  by  Messrs. 
Griffin  may  be  relied  upon,  but  if  further  supplies  be  obtained  elsewhere  they  must 
be  tested  by  boiling  for  half  an  hour  as  above  described,  but  without  any  paper. 
If  the  copper  then  becomes  coated  at  all,  the  materials  are  not  pure,  and  must  be 
rejected.    Platinum  wii-e  must  alone  be  used  attached  to  the  copper. 


Pig.  180.— Test  for  Arsenic. 
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By  Egbert  Brudenell  Carter,  F.R.O.S. 
Ophthalmic  Swgeon  to  St.  George's  Hospital. 


CHAPTER  XXXYI. 

PHYSICAL  NATURE  AND  PHYSIOLOGICAL  EFFECTS  OP  LIGHT  AND  COLOUR. 

Light  consists  of  Etiier  Waves — Refractton— The  Spectnxm — Different  "Wave-Lengths  produce 
Different  Coloiirs— The  Colours  of.  Bodies— Scattered  Reflection — Selective  Absorption — 
Fluorescence — Complementary  Colours— Physiological  Effects  of  Different  Colours,  and  of 
Light  generally — Testimony  of  Miss  Nightingale. 

The  chief  purpose  of  domestic  lighting,  whether  by  the  admission  and  due  regu- 
lation of  solar  light,  or  by  the  employment  of  one  or  more  of  the  artificial 
substitutes  for  it,  is  to  display  the  forms  and  colours  of  the  objects  contained 
■within  the  house ;  and  the  •  proper  fulfilment  of  this  purpose  is  of  primary 
importance  to  the  comfort,  the  health,  and  the  capacity  for  working  of  at  least 
a  large  proportion  of  the  inmates.  Notwithstanding  this,  I  fear  that  I  incur  no 
risk  of  contradiction  when  I  say  that  the  question  is  one  which  has  not  received  a 
due  amount  of  consideration  from  architects ;  who,  in  the  great  majority  of 
instances,  appear  to  plan  their  window  openings  almost  entirely  with  reference 
to  effect  as  seen  from  without,  and  certainly  with  very  little  regard  either  to  the 
uses  to  which  the  interiors  are  to  be  applied,  or  to  the  proper  incidence  of  light 
upon  the  eyes,  or  to  the  occupations  which  are  to  be  carried  on  within  the  walls. 

In  order  to  understand  the  principles  by  which  either  natural  or  artificial  illu- 
mination should  be  governed,  it  is  necessary  to  possess  some  elementary  knowledge 
of  the  nature  of  light  itself,  and  of  the  physical  changes  or  movements  which  are 
concerned  in  the  production  of  visibility. 

The  researches  of  philosophers  have  led  them  to  the  conclusion  that  the  world  in 
which  we  live,  and  the  vast  spaces  of  the  stellar  heavens,  are  occupied  and  pervaded 
by  an  infinitely  subtle  fluid,  called  the  luminiferous  ether,  which  is  thrown  iiito  a  state 
pf  molecular  vibration  by  force  communicated  to  it  by  the  sun  of  our  system,  and 
by  other  self-luminous  bodies  in  the  universe.  These  other  self-luminous  bodies,  as 
far  as  their  effect  upon  this  planet  is  concerned,  are  of  so  little  significance  that  they 
may  be  disregarded,  and  we  may  think  only  of  the  vibrations  which  originate  in  the 
sun.  These  throw  the  ether  into  wave  movement,  in  a  fashion  of  which  the  waves  of 
the  sea  furnish  an  enormously  magnified  example ;  and  it  has  been  ascertained  that 
each  ether  particle,  like  each  water  particle,  rises  and  falls,  or  sways  to  and  fro,  in  its 
own  position,  transmitting  the  movement  wliich  it  has  received,  but  not  otherwise 
cliaugiug  its  place.  The  wave  proceeds  continuously ;  the  ether  remains  where  it 
was.  The  waves  of  ether,  like  the  waves  of  tlie  sea,  present  marked  difterencos  of 
length,  of  magnitude,  and  of  rapidity  of  succession  j  and  they  are  Hable  to  be 
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broken  up,  altered,  and  changed  from  their  original  directions,  by  clashing  against 
one  another,  or  by  meeting  with  physical  obstacles  of  various  kinds. 

The  general  effect  of  wave  movement  is  to  spread  in  a  circle  from  its  point  of 
origin,  like  the  ripples  which  are  produced  when  a  stone  is  cast  into  still  water ;  and 
hence  it  follows  that  the  direction  of  such  movement  is  at  right  angles  to  the  wave 
crests,  and  may  be  exhibited  by  a  series  of  lines  drawn  from  the  centre  to  all  points 
of  the  circumference  of  the  circle.  In  tracing  the  course  of  light,  we  may  disregard 
the  waves,  and  may  think  only  of  a  force  which  is  continually  propagated  in  straight 
lines  from  its  point  of  origin,  and  which  is  therefore  diffused  equally  in  all  directions. 
Two  equal  surfaces,  at  equal  distances  from  the  same  source  of  light,  and  separated 
fi-om  it  by  the  same  intervening  matter,  will  receive  precisely  an  equal  amount  of 
illumination. 

In  the  assumed  emptiness  of  stellar  space,  the  vibrations  of  the  ether  are  of 
almost  inconceivable  rapidity;  but  they  become  somewhat  retarded  in  their  passage 
through  the  atmosphere,  and  more  retarded  still  in  their  passage  through  the  many 
media  of  greater  density  which  they  encounter  upon  the  earth's  surface.  The 
molecular  constitution  of  these  media,  and  the  relations  borne  by  the  intermolecular 
ether  to  their  molecules,  are  such  as  to  produce  gi*eat  differences  in  the  readiness 
with  which  vibrations  are  transmitted  through  their  substance.  In  some  the  trans- 
mission is  very  considerable,  and  such  are  said  to  be  transpai-ent ;  while  in  othei's 
the  vibrations  are  arrested,  or  repelled,  or  forced  to  assume  new  forms,  and  these  are 
said  to  be  opaque.  There  is  no  such  thing  as  complete  tmnsparency  or  complete 
opacity,  the  light  being  in  every  case  diminished  as  it  enters  a  new  medium,  partly 
liy  being  turned  back  from  its  surface,  partly  by  being  turned  back  from  its  deeper 
portions,  and  partly  by  being  aiTested  or  converted  into  other  forms  of  force  within 
its  mass ;  while  even  a  substance  so  opaque  as  gold,  when  beaten  into  thin  leaf, 
permits  the  passage  of  a  portion  of  the  light  which  it  receives. 

The  retardation  of  the  speed  of  ether  waves,  when  entering  a  more  resisting 
substance,  is  not  sufficient  to  be  measurable  by  instruments  when  the  new  surface 
is  at  right  angles  to  the  line  of  advance.  The  whole  ridge  of  the  wave  comes  at 
once  into  contact  with  the  new  material,  and  enters  into  its  substance  simultaneously. 
But  if  the  surface  of  the  new  material  be  presented  to  the  wave  in  an  oblique  direc- 
tion, so  that  one  extremity  of  a  wave  reaches  it  before  the  other,  the  former 
extremity  is  retarded  or  checked  before  the  other,  and  the  wave  as  a  whole  is  made 
to  execute  a  movement  which  may  be  described  as  wheeling  upon  one  of  its 
extremities.  The  effect  of  this  is  that  the  wave  is  forced  into  an  altered  direction, 
so  that  the  light  no  longer  travels  in  a  straight  line  from  its  origin,  but  is  re- 
fracted, or  bent  out  of  its  course.  A  similar  effect  is  produced,  but  with  a  bend  in 
an  opposite  direction,  if  the  new  medium  affords  less  resistance  than  the  origijial 
one. 

If  a  circular  or  slit-like  opening  be  made  in  the  window  shutter  of  a  dai-kened 
room,  upon  the  window  of  which  the  sun  is  shining,  a  rod  or  band  of  white  light 
will  pass  through  the  opening,  and  will  become  apparent  as  a  bright  spot  or  line 
upon  a  screen  suitably  placed  to  receive  it.  If  a  prism  of  glass  or  other  tran.s- 
parent  medium,  more  resistant  to  wave  movement  than  the  atmosphere,  is  now 
placed  in  the  path  of  the  light,  the  latter,  falling  obliquely  upon  the  surfaces  of  tlio 
prism,  will  be  refracted,  or  bent  out  of  its  course,  at  both  these  surfaces,  on  entering 
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the  more  resistant  medinm,  and  again  on  leaving  it,  and  will  appear  upon  the  screen 
in  a  new  position.  It  will  also  appear  in  an  entirely  altered  aspect;  for,  inasmuch 
as  the  whole  beam,  as  akeady  stated,  is  composed  of  a  mixture  of  waves  of 
different  sizes  and  rates  of  vibration,  these  will  be  influenced  in'  different  degrees. 
Those  of  the  greatest  length  will  be  less  bent  than  others ;  and  the  effect  of  the 
prism  is,  therefore,  to  spread  out  the  original  spot  or  line  of  light  into  a  band, 
the  least  refrangible  or  slowest-moving  portions  of  which  are  less,  and  the  most 
refrangible  or  quickest-moving  portions  of  which  are  more,  diverted  from  the  track 
which  was  previously  common  to  them  all.  The  luminous  band  thus  thrown  upon 
tlie  screen  is  called  the  prismatic  spectrum. 

The  part  of  this  spectrum  which  impresses  the  sense  of  sight,  and  is  thus  said  to 
be  visible,  exhibits  a  succession  of  vertical  bands  of  colour,  which  were  described 
by  Newton,  who  discovered  them,  as  being  red,  orange,  yellow,  green,  blue,  indigo, 
and  violet.  The  red  is  formed  by  the  least  refrangible  rays,  which  possess  the 
gi-eatest  wave-length  ;  the  violet  by  the  most  refrangible,  which  possess  the  smallest 
wave-length.  Newton  also  found  that,  by  employing  a  second  prism  to  reverse  the 
action  of  the  first,  he  could  re-combine  the  spectium  into  a  spot  of  white  light ;  and 
he  thus  determined  that  solar  light  is  a  mixture,  the  whiteness  of  which  is  due  to 
the  proportions  of  its  ingredients. 

Newton's  first  imj)ression  was  that  the  seven  colours  of  the  spectrum  were  all 
pure,  or,  as  it  was  said,  primary;  but  more  careful  subsequent  examination  has 
shown  that,  as  white  light  is  an  admixture  of  them  all,  so  four  of  the  prismatic 
colours  are  the  results  of  the  admixture,  by  overlapping,  of  the  adjacent  bands. 
Tliere  was  for  a  time  much  difiiculty  in  determining  which  of  the  seven  were  really 
primary ;  but  the  claims  of  red,  green,  and  violet  are  now  well  established,  and 
orange,  yellow,  blue,  and  indigo  are  ascertained  to  be  mixtures.  It  is  also  ascertained 
that  beyond  the  visible  red  there  are  rays  of  still  greater  wave-length  and  less 
refrangibility,  which  make  no  impression  upon  the  sense  of  sight,  but  are  sources  of 
heat ;  and  that  beyond  the  violet  there  are  other  invisible  rays  of  still  greater  refrangi- 
bility and  still  smaller  wave-length,  which  are  potent  sources  of  chemical  activity. 
Sir  William  Grove  long  since  pointed  out  that  all  the  forms  of  physical  force  known 
to  us — as  motion,  light,  heat,  electricity,  magnetism,  and  chemical  aflinity — are  trans- 
mutable  into  one  another ;  and  it  may  be  assumed  that  they  are  all  alike  the  effects 
of  molecular  vibration  originated  in  the  sun,  and  transmitted  to  us  through  the 
medium  of  the  ether.  The  long  slow  waves  beyond  the  visible  red  of  the  spectrum, 
which  produce  no  effect  upon  our  organs  of  vision,  because  these  are  not  so  con- 
structed as  to  vibrate  in  unison  with  tliem,  are,  no  doubt,  more  potent  sources  of  heat 
than  the  waves  of  greater  rap^ity  ;  and  the  small  very  rapid  waves  beyond  the 
visible  violet,  which  ai-e  unseen  for  the  same  reason  as  those  at  the  other  end  of  the 
spectium,  are,  no  doubt,  more  potent  in  shaking  asunder  the  molecules  which  enter 
into  the  formation  of  chemical  compounds  than  waves  of  less  rapidity ;  but,  not- 
withstanding this,  both  heat  and  chemical  action  are  discoverable  effects  of  every 
portion  of  the  solar  beam. 

Our  present  business,  however,  is  neither  with  the  heat-producing  nor  with  the 
chemical  effects  of  solar  rays,  but  only  with  the  coloured  or  visible  portion  of  the 
spectrum.  With  regard  to  this  portion,  the  fact  which  chiefly  concerns  us  is  that 
light  waves  of  difl-erent  lengths  and  rapidities  produce  different  sensations,  to  which 
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we  give  the  name  of  colours ;  and  that  these  sensations  may  be  almost  infinitely 
varied  by  varying  the  proportions  in  which  light  of  the  three  primary  wave- 
lengths is  intermingled,  and  in  which  this  coloured  light  is  mixed  with  white  light 
from  other  sources.  It  is  important  to  remember  that  what  we  call  colour  has°no 
real  existence  as  such,  but  is  merely  a  name  used  to  denote  the  "impressions  made 
upon  the  eye  by  ether  vibrations  of  different  magnitudes. 

The  effect  of  a  mixture  of  different  wave-lengths  in  modifying  the  general 
movement  may  be  best  apprehended  by  studying  the  simUar  effects  which,  upon  a 
lai-ge  scale,  are  constantly  to  be  witnessed  in  water.  The  waves  produced  by  a 
stone,  overtaking  and  mingling  with  those  produced  by  a  ripple  on  the  surface,  may 
serve  to  show  that  the  result  of  the  two  movements  is  something  very  different  from 
either  of  them  when  taken  singly ;  and  it  is  the  result  of  similar  commmglings  of 
the  waves  of  light  which  is  presented  to  the  eyes  in  looking  at  surrounding  objects. 
It  is  at  first  somewhat  difficult  to  conceive  that  the  mere  blending  of  different 
quantities  or  proportions  of  the  sensations  which  we  call  red,  green,  violet,  and 
white,  can  produce  the  whole  of  the  diversified  tints  with  which  we  are  familiar ; 
but  this  difficulty  vanishes  when  we  remember  that  each  of  these  names  is  a  general 
expression  for  vibrations  which  are  so  minute  that  many  thousands  of  them  are 
required  to  cover  an  inch  of  length,  and  which  are  therefore  so  numerous  that, 
regarding  each  vibration  as  a  constituent  unit  of  colour,  they  admit  of  an  infinite 
number  of  combmations.  In  round  numbers,  an  inch  of  length  will  contain  about 
thii-ty-five  thousand  waves  of  red,  about  fifty  thousand  of  green,  and  about  sixty- 
two  thousand  of  violet;  and  the  rapidity  with  which  these  waves  succeed  each 
other,  although  it  admits  of  bemg  written  down  in  figures,  is  such  that  these  figures 
can  scarcely  be  said  to  convey  any  real  conception  to  the  mind.  In  its  journey  from 
the  sun  to  the  earth.  Light  travels  at  the  rate  of  186,000  miles  in  a  second.  In  this 
distance  there  are  11,784,960,000  inches;  and  even  in  red  light  there  are,  at  the 
lowest  computation,  33,866  waves  in  an  inch.  It  follows  that,  in  looking  at  red 
light,  the  eye  i-eceives  the  impact  of  no  less  than  399,109,455,360,000  waves  in  every 
second  of  time.  In  looking  at  light  of  any  other  colour,  the  number  of  waves  per 
second  will  be  still  larger,  and  the  capacity  for  variation  is  evidently  one  to  which 
it  would  be  impossible  to  place  a  limit.  We  may  form  some  notion  of  this  capacity 
if  we  remember  that,  according  to  Mr.  Procter,  the  fifteen  pieces  of  the  "  Boss  " 
puzzle  will  admit  of  more  than  twenty-eight  millions  o£  possible  positions. 

Even  in  the  case  of  bodies  of  the  greatest  known  transparency,  the  light  which 
they  receive  does  not  all  enter  into  their  substance,  but  is  in  part  reflected  or  turned 
back.  When  the  reflected  surface  is  smooth,  the  light  falling  upon  it  is  reflected 
in  one  definite  direction,  which  is  expressed  by  saying  that  the  angle  of  reflection 
is  equal  to  the  angle  of  incidence,  and  that  the  incident  and  the  reflected  light  are 
in  the  same  plane.  The  reflection  is  like  that  of  a  billiard-ball  from  the  side 
cushion  against  which  it  strikes.  When  the  surface  is  rough,  it  really  consists  of 
numerous  surfaces  in  close  juxtaposition,  with  their  faces  turned  in  various  direc- 
tions ;  and  hence,  although  the  law  of  reflection  remains  the  same,  the  light  is  sent 
in  a  like  number  of  directions,  and  is  scattered  as  regards  the  observer  placed  at 
any  single  point.  This  may  be  conveniently  illustrated  by  Fig.  181,  Nos.  1,  2,  3. 
No.  1  represents  the  mode  of  reflection  from  a  smooth  and  polished  surface,  like 
glass,  which  sends  all  tlie  rays  incident  from  the  same  source  in  the  same  direction. 


SCATTKRBD  REFLECTION. 


377 


No.  2  represents  a  slightly  roughened  surface,  like  paper,  in  which  some  of 
the  points  of  rellection  turn  the  light  one  way,  some  another,  and  the  reflected 
beam  is  no  longer  formed  of  parallel  rays.  They  are  scattered  about,  and  the  image 
they  form  is  confused  and  indistinct.  No.  3  represents  a  rough  surface,  like 
cloth,  by  which  the  incident  rays  are  scattered  in  every  direction,  so  that  no  image 
is  produced.    The  drawings  may  be  explained  by  the  following  experiment  : — 

"  Place  a  lighted  lamp  upon  a  table,  and  lay  a  mirror  before  it,  and  you  can 


rig.  181.— Reflection  prom  (1)  Polished  Glass,  (2)  Papee,  (3)  Cloth. 

see  a  clear  and  distinct  reflection  of  the  lamp  and  the  flame  pictured  in  the  o-lass 
Put  a  sheet  of  white  paper  before  the  lamp,  and  you  can  see  only  a  confused^pot 
of  reflected  hght  on  the  brightly  lighted  paper.    Lay  a  freshly  ironed  napkin  or 
handkerchief  before  the  lamp,  and  even  the  indisthict  spot  of  light  has  disappeared 
and  the  white  cloth  reflects  light  equally  from  every  part."* 

Of  the  whole  amount  of  solar  liglit  which  falls  upon  any  substance  at  a  aiven 
time,  a  certain  portion  is  reflected,  or  turned  back,  from  the  very  surface,  ancl  this 
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portion,  winch,  as  we  have  just  seen,  varies  in  amount  with  the  smoothness  of  the 
sixrface  as  well  as  with  the  nature  of  the  reflecting  substance,  is  always  white,  or  com- 
plete solar  hght  Another  portion  may  pass  through  the  substance,  and  emerge  on 
the  other  side,  altered  in  direction,  as  we  have  seen,  if  its  angle  of  incidence  is  not  a 
right  angle.  A  third  portion  may  be  altogether  quenched  or  absorbed  within  the 
mass;  the  physical  change  which  then  occurs  being  that  the  speed  of  the  waves  is 
retarded  until  they  can  no  longer  display  themselves  as  light.  They  become  con 
verted  mto  heat  waves,  and,  when  finally  arrested  within  the  substance,  they 
produce  elevation  of  its  temperature. 

Excepting  the  surface,  which,  as  stated  above,  always  reflects  white  li^ht  in  its 
integrity,  or  the  same  admixture  of  wave-lengths  which  it  receives,  "all  other 
portions  of  most  substances  have  some  selective  affinity  for  waves  of  particular 
lengths,  and  arrest  or  turn  back  others.  When  we  say  that  a  piece  of  glass  is  red, 
we  mean  that  it  gives  free  passage  to  the  red  element  in  solar  light,  but  that  it  stops 
the  remaining  elements,  either  turning  them  back  or  arresting  and  converting  them 
into  heat  rays.  Hence,  when  we  look  through  it  we  receive  no  rays  but  those^of  the 
greatest  wave-length,  which  aflfect  the  consciousness  in  the  manner  which  we 
describe  by  the  word  "  red."  When  we  say  that  a  piece  of  woven  stuff  is  green, 
we  mean  that,  besides  the  white  Ught  which  falls  upon  it  and  is  reflected  from  its 
surface,  a  certain  further  amount  of  white  light  penetrates  somewhat  into  its 
substance,  and  is  reflected  back  from  its  deeper  layers,  leaving  in  them,  on  its 
backward  way,  the  red  and  violet  which  it  originally  contained.  The  resulting 
colour  is  compounded  of  these  two  distinct  sources  of  light,  and  the  appearance 
which  it  presents  differs  according  to  the  greater  or  lesser  amount  of  white  light 
which  is  reflected  from  the  absolute  surface  to  mingle  with  the  green  coming  from 
the  deeper  portions  of  the  fabric.  Hence,  mainly,  the  difference  in  colour,  even  when 
dyed  by  the  same  substance,  between  a  surface  of  highly  reflecting  character,  such  as 
satin,  and  one  which  reflects  sparingly,  as  in  the  case  of  woollen  fabrics  generally. 

The  varieties  of  colour  which  we  see  around  us  depend,  therefore,  in  almost 
every  case,  upon  some  subtraction  from  the  white  light  furnished  by  the  sun  or 
by  some  secondary  source,  and  this  subtraction  is  usually  the  result  of  selective 
absorption  on  the  part  of  the  substance  on  which  light  falls,  and  which  is  said  to  be 
coloured.  Instead  of  transmitting  white  light  if  transparent,  or  instead  of  reflecting 
it  if  opaque,  it  retains  within  its  structure  waves  of  certain  periods  of  vibration, 
and  thus  transmits  or  reflects  an  altered  or  coloured  admixture.  This,  as  we  shall 
see  hereafter,  has  important  practical  bearings  upon  the  use  of  tinted  window  glass, 
as  well  as  upon  the  selection  of  coloured  shades  for  lamps. 

The  apparent  colours  of  objects  are  greatly  determined  by  the  colours  of  the 
illumination  which  they  receive.  If,  in  an  otherwise  darkened  room,  we  throw  the 
solar  spectrum  upon  a  screen,  and  then  hold  coloured  objects,  such  as  pieces  of 
ribbon,  first  in  one  band  of  colour  and  then  in  another,  the  ribbons  will  appear  dark 
or  black  in  certain  portions  of  the  spectrum,  and  illuminated  in  otiiors.  A  red 
ribbon  held  in  the  red  band  reflects  nearly  all  the  light  which  falls  upon  it,  and 
appears  of  increased  vividness  ;  moved  into  the  green,  it  a]>pcars  absolutely  black, 
because  jgt'ooa  ribbon  absorbs  and  retains  all  red  light,  and  in  this  case  receives 
nothing  which  it  is  able  to  return.  A  piece  of  green  ribbon,  again,  will  .shine 
brightly  in  the  green  band,  and  will  appear  black  in  the  red  one.    But  in  nearly 
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all  cases  in  which  objects  are  lighted  up  by  one  prismatic  colour  in  nature,  they  are 
at  the  same  time  lighted  by  white  light  derived  from  other  sources,  so  that  the 
ultimate  effect  is  derived  from  a  combination  of  the  two  modes  of  illumination 
A  familiar  example  of  this  is  often  aff"orded  on  a  summer  evening,  soon  after 
sunset,  when  there  is  a  cloudless  blue  sky  overhead,  and  rosy-tinted  clouds  near  the 
horizon.  The  blue  of  the  sky  depends  upon  the  presence  in  the  atmosphere  of 
innumerable  particles  of  almost  inconceivable  minuteness,  against  which  the  light 
waves  ripple  and  break,  and  which  reflect  the  blue  somewhat  in  excess ;  while  the 
red  tints  of  sunset  are  due  to  the  interception  by  the  atmosphere  of  considerable 
portions  of  the  green  rays.  In  the  supposed  conditions,  such  flowers  as  the  red 
geranium  and  the  blue  lobelia,  lighted  up  by  the  abundant  red  and  violet  of  the 
horizontal  light,  display  their  colours  with  unusual  brilliancy ;  while  the  bright 
geranium  leaves  or  the  blades  of  grass,  receiving  green  enough  in  the  white  light 
which  stUl  falls  upon  them  from  the  zenith,  are  not  only  of  full  colour,  but  seem 
even  more  bright  than  usual,  from  the  contrast  which  they  afford  to  the  blossoms. 

An  occasional  source  of  colour  is  furnished  by  the  phenomenon  called 
fluorescence  ;  and  although  this  is  not  exhibited  on  a  sufficient  scale  to  be  of  m\ich 
practical  importance  with  reference  to  the  present  subject,  it  must  not  be  left 
wholly  without  notice.  We  have  seen  that  beyond  the  visible  red  of  the  spectrum 
there  is  a  band  of  waves  which  are  too  long  to  excite  sensations  of  light  in  the 
human  eye,  to  which  they  are  invisible,  although  they  may  be  rendered  manifest 
as  sources  of  heat;  and  that,  in  like  manner,  beyond  the  violet,  there  are  other 
invisible  rays,  the  vibrations  of  which  are  too  rapid  to  excite  the  human  eye,  and 
which  are  active  as  causes  of  chemical  change.  When  these  rays,' which  are  called 
the  "ultra-violet,"  are  suffered  to  fall  upon  certain  substances,  of  which  uranium 
glass,  solutions  of  quinine,  and  infusion  of  horse-chestnut  bark  are  the  most 
familiar,  they  are  so  much  retarded  as  to  produce  in  these  substances  vibrations 
which,  "when  communicated  to  the  surrounding  ether,  become  visible,  and  the 
objects,  during  and  after  exposure  to  the  darkness  of  the  ultra-violet  rays,  shine  as 
if  with  independent  luminosity.  With  some  fluorescent  substances,  the  effect  thus 
produced  is  of  considerable  duration,  and  it  has  lately  been  turned  to  account  in  the 
arts  as  a  source  of  the  so-called  luminous  paint,  and  also  as  a  means  of  rendering 
such  objects  as  watch  and  clock  dials,  match-boxes,  the  number-plates  on  the  doors 
of  houses,  and  other  things,  sufficiently  luminous  to  be  seen  at  night  after  they 
have  been  exposed  to  sunlight  during  the  day.  The  element  in  sunlight  by  which 
the  effect  is  produced  is  not  anything  which  is  itself  visible,  but  only  the  ultra-viol  ot 
ray ;  and  if  this  could  be  uitercepted  while  the  rest  of  the  solar  light  was  suffered 
to  fall  upon  the  object,  no  luminosity  would  be  produced.  Artificial  sources  of  light 
which  are  rich  in  blue  may  be  used  instead  of  sunlight,  and  one  of  the  best  known 
of  these  is  furnished  by  the  combustion  of  magnesium  wire,  which  also,  from  the 
abundance  of  the  ultra-violet  which  it  yields,  has  been  employed  as  a  means  of 
producing  photographs  in  places  from  which  sunlight  is  excluded. 

Such  being,  in  the  most  meagre  outline,  the  nature  of  light  and  of  colour,  we 
have  next  to  consider  in  what  way  these  are  subservient  to  the  exercise  of  vision. 
The  eye  is  an  instrument  resembling  the  camera  of  the  photographer,  and  its  especial 
function  is  to  arrange  the  light  reflected  from  objects  in  an  inverted  picture  upon  its 
retina,  or  sensitive  screen  of  nerve-tissue,  by  which  the  impression  made  by  this 
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inverted  image  is  received,  and  from  ^hich  it  is  propagated  to  the  brain,  to  become 
a  subject  of  consciousness.    The  perceptive  layer  of  the  retina  is  an  exceedingly  fine 
mosaic  of  nervous  terminations  of  two  kinds,  called,  from  their  respective  "shapes 
rods  and  cones ;  and  it  is  believed  that  the  size  of  these  elements  has  an  important 
bearing  upon  the  limitations  of  magnitude  within  which  ether  vibrations  produce 
the  impression  of  light.    It  would  seem  as  if,  for  this  effect  to  be  produced  the 
waves  must  neither  exceed  nor  fall  short  of  a  certain  proportion  to  the  rods'and 
cones;  and  it  is  possible  that  an  unusual  size  of  the  nerve  elements,  rendering  them 
insensitive  to  some  of  the  vibrations  which  are  perceptible  to  the  majority  of 
mankind,  may  be  at  the  root  of  the  curious  condition  known  as  colour-blindness 
the  subjects  of  which  are  unable  to  perceive  at  least  one  of  the  three  primaries  of 
the  spectrum,  and  thus  see  all  colours  modified  as  they  would  be  by  its  absence 
Recent  researches  point  to  the  conclusion  that  the  act  of  vision  consists  essentially  of 
a  chemical  change,  consisting  of  the  destruction,  by  the  influence  of  the  light  waves,  of 
a  material  called  vision-purple,  which  appears  to  be  constantly  renewed  in  the  Hv'ing 
retina  ;  but  this  has  no  present  bearing  upon  the  questions  which  we  have  now  to 
consider.    The  essentials  of  good  Hghting  are  that  the  eye  should  receive  light 
enough  to  furnish  the  materials  for  a  vivid  retinal  image,  and  not  enough  to  be 
dazzling  or  distressing ;  and  that  the  illumination  should  be  of  such  a  kind  as  to 
reproduce  in  the  retinal  image  the  natural  colours  of  objects.    For  this  purpose,  it 
must  either  contain  all  the  primaries  in  the  due  proportion  to  constitute  white  light, 
or  it  must  at  least  contain  them  in  the  proportions  in  which  they  are  reflected  from 
the  object  looked  at.     In  a  room  supplied  only  with  red  light,  all  green  objects 
would  appear  black,  and  vice  versd. 

It  has  long  been  known,  as  a  matter  of  observation,  that  the  combinations  or 
contrasts  of  certain  colours  are  pleasing  to  the  eye,  while  others  are  harsh  and 
inharmonious ;  and,  after  the  discovery  by  Newton  of  the  compound  character  of 
light,  it  was  soon  found  that  the  harmonious  and  pleasing  combinations  were  those 
in  which  the  colours  were  "  complementary,"  that  is,  in  which  they  would  make  up 
white  light  if  blended  together.    Although  early  known  with  regard  to  the  apposition 
of  two  conti-asted  colours,  the  same  principle  has  not  been  so  widely  recognised  with 
regard  to  multiple  combinations ;  and  it  was  reserved  for  Professor  Barff  to  call 
attention  to  the  fact  that  the  secret  of  smooth  and  pleasant  colouring  in  a  picture, 
a  stained  -window,  or  generally  in  the  free  distribution  of  colour  for  decorative 
purposes,  is  to  be  found  in  the  use  of  combinations  which,  taken  collectively,  make 
up  white  light.    The  study  of  the  complementary  colours  was  for  a  long  time 
obscured  by  the  absence  of  discrimination  between  lighfc  and  pigments :  forms  of 
colour  which  may  be  alike  to  the  eye,  and  which  nevertheless  produce  by  their 
admixture  totally  different  effects.    For  example,  blue  light  is  complementary  to 
yellow  light ;  and  the  two,  when  mixed  or  superimposed  in  the  proper  proportions, 
produce  white  by  their  union.    The  mixture  of  blue  and  yellow  pigments,  on  the 
contrary,  produces  green,  for  the  simi^le  reason  that  this  is  the  only  colour  reflected 
by  them  both.    The  difference  has  been  well  explained  by  Mr.  Ogden  Rood,  who 
jjoints  out  that     by  mingling  two  pigments  we  obtain  the  resultant  effect  of  two 
acts  of  absorption  due  to  the  two  pigments ;  white  light  is  twice  subjected  to  tlie 
process  of  subtraction,  and  what  remains  over  is  the  coloured  light  which  finally 
emerges  from  the  painted  surfiice.    On  the  other  hand,  the  process  of  mixing 
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coloured  liglit  is  essentially  one  of  addition ;  and  this  being  so,  we  find  it  quite 
natural  that  the  results  given  by  these  fwo  methods  should  never  be  identical,  and 
often  should  differ  widely."  *  • 

The  complementary  colours  form  practically  an  almost  infinite  series,  the 
complementary  colour  of  any  given  mixture  being  all  that  is  omitted  from  it  when 
compared  with  white  light.  As  illustrations  of  a  few  pairs,  Ogden  Rood  gives  the 
following  table  : — 

Eed  Green-Blue. 

Orange  Cyan-Blue. 

Yellow  Ultramarine- Blue. 

Greenish- Yellow  Violet. 

Green  Purple. 

These  pairs,  of  course,  might  be  indefijiitely  increased  in  number,  but  they  are 
sufficient  to  give  an  idea  of  the  principle  at  issue,  and  of  the  manner  in  which  it 
may  be  applied  in  order  to  produce  harmony  of  colour  in  lighting  and  decorating 
apartments.  If  we  admit  into  any  room  too  much  of  one  of  the  ingredients  of 
white  light,  without  balancing  it  by  careful  admixture  elsewhere,  the  result  will 
not  only  be  disagreeable,  but  will  also  disguise  the  outlines  of  all  contained  objects 
which  are  of  such  a  nature  that  they  tend  to  absorb,  rather  than  to  reflect,  the 
colour  which  has  thus  been  rendered  predominant. 

The  influence  of  differently  coloured  light  upon  the  eye,  either  as  regards  the 
acuteness  or  the  duration  of  vision,  is  a  subject  which  has  scarcely  at  all  engaged 
the  attention  of  experimental  philosophers.  Dr.  Ludwig  Boehm,  of  Berlin,  stands 
almost  alone  in  having  even  referred  to  it ;  and  his  statements  are  so  much  under 
the  influence  of  a  strong  belief  in  the  value  of  blue  light  as  an  actual  agent  in  the 
treatment  of  certain  forms  of  eye  disease,  that  they  can  only  be  accepted  with 
a  certain  amount  of  reserve.  He  asserts,  however,  that  industrial  occupations  often 
furnish  undesigned  but  striking  proof  of  the  different  action  of  different  single 
colours  upon  human  eyes ;  and  he  quotes  especially  his  observations  at  an 
embroidering  establishment  in  Berlin,  at  which  fifty  workwomen  w  jre  engaged  in 
embroidering  upon  and  with  silken  materials  of  all  colours,  and  often,  upon  satins 
of  highly  reflecting  surface,  on  which  the  most  important  patterns  were  previously 
traced  out  in  black  lines.  The  unvaried  experience  of  many  years,  even  with  the 
youngest  and  strongest  eyes,  went  to  show  that  yellow,  and  still  more  apple-green, 
were  of  all  colours  the  most  inimical  to  the  continuance  of  visual  effort.  Even  in 
the  daylight,  embroidery  upon  fine  silks  of  these  colours  could  not  be  accomplished 
except  by  the  aid  of  frequent  interruptions.  The  traced  patterns  would  after  a  few 
minutes'  application  become  invisible,  and  the  embroideress  would  see  nothing  but 
the  coloured  surface.  In  artificial  light  no  embroidery  upon  apple-green  can  be 
attempted.  On  the  other  hand,  the  colour  most  pleasant  to  work  upon  was  by  all 
declared  to  be  blue;  although  prolonged  work  upon  a  blue  surface  was  said  to 
produce  headache.  Dr.  Boehm,  who  will  hear  nothing  against  his  favourite  colour, 
explains  this  headache  by  supposing  that  the  soothing  influence  of  the  blue  upon 
the  retina  permitted  work  to  be  continued  so  closely  and  uninterruptedly,  that  the 
brain  and  the  attention  became  wearied  before  the  eyes  themselves  experienced  any 
desire  for  rest. 

Moflcrn  Ohromtitios, "  p,  143. 
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Dr  Boelim  s  notions  about  blue  light  have  at  least  this  much  of  plausibility  :  that 
he  attributes  many  of  the  beneficial  properties  which  he  claims  for  it  to  its  high 
retrangibility.  It  is,  as  we  have  seen  already,  the  most  refrangible  portion  of  the 
solar  light :  or,  in  other  words,  it  will  be  brought  to  a  focus  at  some  given  distance 
by  a  weaker  lens  than  the  other  portions.  Hence,  no  doubt,  it  calls  upon  the  lenses 
of  the  eyes  for  a  somewhat  smaller  degree  of  adjustment  effort  than  would  be 
demanded  of  them  even  by  white  light,  and  therefore,  a  fortiori,  far  less  than  would 
be  demanded  by  any  other  colour;  but  it  remains  to  be  proved  whether  the 
difference  thus  indicated  would  be  sufficient  in  degree  to  produce  any  noteworthy 
effects ;  and,  as  we  shall  see  hereafter,  it  would  be  opposed  by  the  fact  that  blue  light 
as  contrasted  with  white  light,  means  practically  a  much  diminished  illumination,' 
and  a  corresponding  approximation  of  the  object  of  vision.  The  adjustment  effort 
of  the  eye,  and  the  muscular  work  incidental  to  vision,  are  increased  in  a  marked 
manner  by  such  approximation ;  and  hence,  for  any  occupation  requiiing  near  and 
accurate  seeing,  it  is  more  than  doubtful  whether  Dr.  Boehm's  observations  are 
trustworthy.  It  may,  no  doubt,  be  conceded  that  light  in  which  the  blue  element 
IS  in  excess,  although  not  to  the  exclusion  of  all  others,  is  by  most  persons  felt 
to  be  soothing  and  "grateful. 

In  opposition  to  Dr.  Boehm,  Dr.  Bouchardat,  of  Paris,  has  lately  delivered  a 
lecture  in  which  he  condemns  blue  light,  or  even  light  contaiuing  the  normal 
proportion  of  blue,  for  visual  purposes,  and  recommends  a  preponderance  of  dull 
yellow,  taking  the  flame  of  a  tallow  candle  as  his  ideal  of  what  is  most  to  be 
desired.  He  appears  to  have  no  other  ground  for  this  opinion  than  a  fear  lest  the 
fluorescence  produced  by  blue  i-ays  in  the  humours  of  the  eyes  should  exert  an 
injurious  influence  upon  them ;  but  for  this  fear,  as  far  as  I  am  aware,  there  is  not 
any  shadow  of  foundation,  either  in  scientific  principles  or  in  practical  experience. 

The  analogies  between  the  animal  and  vegetable  kingdoms  are  often  extremely 
close  ;  and  the  action  of  coloured  light  on  plants  was  investigated,  many  years  ago, 
by  Dr.  Draper,  whose  experiments  and  conclusions  have  remained  unchallenged. 
He  found  that  the  fixation  of  carbon  from  the  atmosphere,  on  which  the  growth  of 
plants  depends,  was  carried  on  more  actively  under  yellow  light  than  under  any 
other,  and  that  the  seven  colours  of  the  Newtonian  spectrum  promoted  the  process 
in  the  following  order  : — (1)  yellow,  (2)  green,  (3)  orange,  (4)  red,  (5)  blue,  (6)  indigo, 
(7)  violet.  This  is  very  remarkable,  as  seeming  to  show  that  the  change  in  question, 
occun-ing  most  freely  in  a  region  of  the  spectmm  equi-distant  from  the  most 
powerful  heat  rays  and  the  most  powerful  chemical  rays,  is  not  entirely  dependent 
either  upon  chemical  activity  or  upon  temperature,  but  partly  also  upon  some  other 
influence,  the  precise  nature  of  which  requires  further  investigation.  The  interest- 
ing experiments  of  Dr.  Siemens,  in  growing  plants  under  the  electric  beam,  might 
probably  be  so  extended  as  to  allow  the  relative  powers  of  the  different  parts  of  the 
spectrum  upon  vegetation  to  be  tested  in  a  more  complete  way  than  has  ever 
hitherto  been  possible. 

It  is  perhaps  worth  while  briefly  to  notice,  if  only  for  the  purpose  of  pointing 
out  its  character,  an  absurd  book  about  Light  which  has  recently  been  published 
by  an  American  charlatan,  under  a  title  which  is  weU  calculated  to  deceive  pur- 
chasers into  the  belief  that  they  are  buying  a  scientific  treatise.  The  object  of 
this  book  is  to  advertise  the  pretensions  of  its  author  to  cure  diseases  of  all  kinds 
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by  what  he  calls  baths  of  coloured  light :  that  is  to  say,  by  persuading  his  dupes  to 
sit  unclothed  in  sunshine  which  streams  through  a  window  tilled  with  panes  of 
coloured  glass,  which  are  so  moved  from  time  to  time  as  to  allow  red,  green,  or  vio  et 
rays  to  Ml  upon  the  part  supposed  to  be  affected.  These  windows,  and  other  like 
appliances  for  the  use  of  coloured  light,  are  sold  by  the  writer;  who,  among  other 
drolleries,  professes  to  "medicate"  water  by  keeping  it  for  a  time  m  coloured 
glass  bottles  of  various  forms."  It  will  assist  in  estimating  this  nonsense  at  its 
true  value  if  we  remember  that  the  pane  of  coloured  glass  does  not  add  anythmg  to 
the  solar  light,  but  only  withdraws  something ;  so  that,  unless  the  colour  which  is 
withdrawn  woidd  be  actively  injurious,  all  the  good  effects  would  be  equally 
obtained,  from  the  sunhght  shining  through  a  common  window.  On  the  other  hand, 
if  the  Hght  which  is  withdrawn  were  actively  injurious,  the  patient  would  surely 
require  a  protection  from  it  more  complete,  and  for  longer  periods,  than  this 
method  of  so-called  treatment  could  afford.  It  is  worth  remembering  that  baths 
of  sunlight,  under  the  name  of  Solaria,  were  much  in  vogue  among  the  Romans  in 
ancient  times,  and'  were,  no  doubt,  in  some  instances  beneficial. 

For,  while  the  preceding  paragraphs  express  the  state  of  our  knowledge — or,  more 
properly,  of  our  want  of  knowledge — concerning  the  special  effects  upon  the  animal 
body  of  different  kinds  of  light,  there  is  no  ambiguity  whatever  in  our  knowledge 
of  the  importance  of  light  generally  as  a  stimulant  of — or  perhaps,  more  properly, 
as  ii  condition  of — what  is  comprehensively  termed  vital  action.  The  potatoes  which 
germinate  in  a  dark  cellar,  and  push  out  straggling,  white,  and  sickly  shoots  towards 
any  chink  by  which  sunbeams  penetrate  the  darkness,  the  artificially  bleached 
celery  and  sea-kale  of  the  gardener,  the  children  who  grow  up  in  the  shaded  lanes 
and  dark  alleys  of  great  cities,  the  workpeople  who  labour  in  cellars  or  mines  :  all 
alike  proclaim,  the  great  truth  that  life  without  sunlight  is  only  half  living.  Want 
of  sunlight  to  the  human  race  means  stunted  bodies,  imperfectly  formed  blood, 
feeble  limbs,  dull  senses,  and  torpid  minds.  Essential  to  the  well-being  of  those  who 
are  reputed  to  be  healthy,  it  is  no  less  essential  to  the  recovery  of  the  sick.  There 
are  well-authenticated  instances  of  hospitals  having  a  light  and  a  dark  side,  in 
which  the  percentages  of  recovery  have  been  distinctly  greater  on  the  former ;  and  a 
like  influence  upon  the  health  of  inmates  has  been  repeatedly  observed  in  schools, 
barracks,  asylums,  and  other  public  buildings.  One  of  the  chief  difficulties  to  be 
contended  against  by  Arctic  explorers  accustomed  to  more  genial  climates — a  dif- 
ficulty even  greater  than  that  arising  from  the  cold — is  the  confinement  to  the  ship 
during  six  months  of  darkness^  and  the  sacrifice  of  health  which  the  deprivation 
of  light  is  found  to  entail.  On  the  subject  of  the  importance  of  light  to  the  sick, 
Miss  JS'ightingale  has  some  remarkable  observations,  the  truth  and  importance  of 
which  will  furnish  a  sufiicient  apology  for  quoting  them.    She  says  : — 

"Second  only  to  fresh  air,  however,  I  should  be  inclined  to  rank  light  in 
importance  for  the  sick.  Dii-ect  sunlight,  not  only  daylight,  is  necessary  for  speedy 
recovery ;  except,  perhaps,  in  certain  ophthalmic  and  a  small  number  of  other  cases. 
Instances  could  be  given,  almost  endless,  where,  in  dark  wards  or  in  wards  with 
a  northern  aspect,  even  when  thorouglily  warmed,  or  in  wards  with  borrowed  light, 
even  when  thoroughly  ventilated,  the  sick  could  not  by  any  means  be  made  speedily 
to  recover." 

"Who  has  not  oUserved  the  purifying  effect  of  light,  and  especially  of  direct 
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sunhght,  upon  the  air  of  a  room?  Here  is  an  observation  ^^dthin  everybody's  ex- 
perience. Go  mto  a  room  where  the  shatters  are  always  shut  (in  a  sick  room  or  a 
bed-room  thei-e  should  never  be  shutters  shut),  and  though  the  room  be  uninhabited, 
though  the  air  has  never  been  polluted  by  the  breathing  of  human  beings,  you  will 
observe  a  close  musty  smell  of  corrupt  air-of  air,  i.e.,  unpurified  by  the  effect  of 
the  sun  s  rays  The  mustmess  of  dark  rooms  and  corners,  indeed,  is  proverbial.  The 
cheerfulness  of  a  room,  the  usefulness  of  light  in  treating  disease,  is  all-important." 

Heavy,  thick,  dark  window  or  bed  curtains  should,  however,  scarcely  ever  be 
used  for  any  kind  of  sick  m  this  country.  A  Hght  white  curtain  at  the  head  of  the 
bed  IS,  m  general,  all  that  is  necessary,  and  a  green  blind  to  the  window  to  be 
drawn  down  only  when  necessary."  ' 

WT,"  '  ^^'^r  ?T  PWology  goes  to  confirm  this. 

Where  is  the  shady  side  of  deep  valleys,  there  is  Cretinism.  Where  are  cellars  and 
the  unsunned  sides  of  narrow  streets,  there  is  the  degeneracy  and  weakness  of  the 
human  race— mmd  and  body  equally  degenerating.  Put  the  pale  withering  plant 
and  human  bemg  into  the  sun,  and,  if  not  too  far  gone,  each  will  recover°health 
and  spirit." 

"  It  is  a  curious  thing  to  observe  how  almost  all  patients  He  with  theii-  faces 
turned  towards  the  light,  exactly  as  plants  always  make  tlieir  way  towards  the 
light.  A  patient  will  even  complain  that  it  gives  him  pain  lying  on  that  side 
I  Then,  why  do  you  lie  on  that  side  1 '  He  does  not  know,  but  we  do.  It  is  because 
it  is  the  side  towards  the  window.  A  fashionable  physician  has  lately  published  in 
a  Government  report  that  he  always  turns  his  patients'  faces  from  the  light.  Yes  ; 
but  Nature  is  sti-onger  than  fashionable  physicians,  and  depend  upon  it  she  turns 
the  faces  back,  and  towards  such  light  as  she  can  get.  Walk  through  the  wards  of 
a  hospital,  remember  the  bedsides  of  private  patients  you  have  seen,  and  count  how 
many  sick  you  ever  saw  lying  with  their  faces  towards  the  wall."* 


'  Notes  on  Nui'sing. " 
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CHAPTER  XXXVIL 

NATURAL  DAYLIGHT,  AND  WINDOWS. 

Sir  David  Bremter  on  Liglit  and  Health-Light  and  Dirt-Various  Architects  upon  the  Size  of 
■VVindows-Empirioal  Eules-Position  of  the  Window-School-rooms-Expedients  for  increasing 
Deficient  Light. 

The  late  Sir  David  Brewster,  in  his  address  delivered  to  the  Royal  Society  of 
Edinburgh,  at  the  opening  of  the  session  of  1866-67,  after  passing  in  review  some 
of  the  known  hygienic  effects  of  sunlight,  and  some  of  the  consequences  of  its 
exclusion,  continued  in  the  following  words  : — 

"  If  the  light  of  day  contributes  to  the  development  of  the  human  form,  and 
lends  its  aid  to  art  and  nature  in  the  cure  of  disease,  it  becomes  a  personal  and 
national  duty  to  construct  our  dwelling-houses,  schools,  workshops,  factories, 
churches,  villages,  towns,  and  cities  upon  such  principles  and  in  such  styles  of 
architecture  as  will  allow  the  life-giving  element  to  have  the  fullest  and  the  freest 
entrance,  and  to  chase  from  every  crypt,  cell,  and  corner  the  elements  of  unclean- 
ness  and  corruption  which  have  a  vested  interest  in  darkness. 

"Although  I  have  not  visited  the  prisons  and  lazarettos  of  foreign  countries,  to 
describe  the  dimgeons  and  caverns  in  which  the  victims  of  despotism  and  crime  are 
perishing  without  light  and  air,  yet  we  have  seen  enough  in  our  own  country — in 
private  houses,  in  the  most  magnificent  of  our  castles,  and  in  the  most  gorgeous  of 
our  palaces— to  establish  the  fact  that  there  is  hardly  a  house  in  town  or  country 
without  dark  apartments  which  it  is  in  the  power  of  science  to  illuminate.  In  most 
of  the  principal  cities  of  Europe,  and  in  many  of  the  finest  towns  of  Italy,  where 
external  nature  wears  her  brightest  attire,  there  are  streets  and  lanes  in  which  the 
houses  on  one  side  are  so  near  to  those  on  the  other  that  hundreds  of  thousands  of 
human  beings  are  neither  supplied  with  light  or  air,  and  carry  on  their  trades  in 
almost  total  darkness.  Providence — more  beneficent  than  man — has  provided  the 
means  of  lighting  up  to  a  certain  extent  the  workman's  home  by  the  expanding 
power  of  the  pupil  of  his  eye,  and  by  an  increasing  seusibilifcy  of  his  retina ;  but 
the  exercise  of  such  powers  is  painful,  and  every  attempt  to  see  when  seeing  is  an 
effort,  or  to  read  and  work  with  a  straining  eye  and  an  erring  hand,  is  injurious  to 
the  organ  of  vision,  and  sooner  or  later  must  impair  its  powers.  Thus  deprived  of  the 
light  of  day,  thousands  are  compelled  to  carry  on  their  trades  principally  by 
artificial  light — by  the  consumption  of  tallow,  oil,  or  gas — thus  inhaling  from  morn- 
ing till  midnight  the  offensive  odours  and  polluted  effluvia  which  are  more  or  less 
the  products  of  artificial  illumination. 

"  It  is  in  vain  to  expect  that  such  evils,  shortening  and  rendering  miserable  the 
life  of  man,  can  be  removed  by  legislation  or  arbitraiy  power.  In  various  great 
cities  attempts  are  making  to  replace  their  densely  congregated  sti'eets  and  dwellings 
by  structures  at  once  ornamental  and  salutary ;  and  Europe  is  now  admiiing  that 
great  renovation  in  a  neighbouring  metropolis  by  which  hundreds  of  streets  and 
thousands  of  dwellings,  once  the  seat  of  poverty  and  crime,  are  replaced  by  architec- 
29 
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tural  combinations  the  most  beautiful,  and  by  hotels  and  palaces  which  vie  with  the 
finest  edifices  of  Greek  or  of  Roman  art." 

Sir  David  Brewster,  in  the  foregoing  passage,  does  not  himself  attempt  to 
grapple  with  the  question  of  the  disposal  of  the  poverty  and  crime  which  were 
rooted  out  from  their  sometime  haunts ;  and  this  problem,  however  important,  is 
foreign  to  the  purpose  of  these  pages.  The  citations  which  I  have  made  will  suffice 
to  establish,  on  the  authority  of  an  eminent  physical  phHosopher,  and  on  that  of  a 
nurse  of  consummate  skiU— if,  indeed,  such  establishing  can  be  considered  necessary 
—that  without  sunlight  there  can  be  no  real  welfare,  and  that,  in  planning  houses, 
the  provision  of  an  abundance  of  window  space,  and  the  placing  of  the  windows 
in  positions  to  receive  the  full  rays  of  the  sun,  form  most  important  parts  of  the 
duties  of  the  architect    Miss  Nightingale  elsewhere  lays  stress  upon  what  is  indeed 

a  truism,  but  nevertheless,  one  which  should  constantly  be  repeated  and  enforced  

namely,  that  an  excess  of  sunlight  can  be  excluded  when  there  is  need,  but  that  a 
deficiency  of  sunlight,  depending  upon  errors  of  construction,  cannot  be  supplied 
while  the  construction  remains.  "  Window-blinds,"  she  says,  "  can  always  moderate 
the  light  of  a  light  ward,  but  the  gloom  of  a  dark  ward  is  irremediable.  The  escape 
of  heat  from  large  windows  may  be  diminished  by  plate  or  double  glass ;  for,  while 
we  can  generate  warmth,  we  cannot  generate  daylight,  or  the  purifying  and  curative 
effects  of  the  sun's  rays." 

To  the  foregoing  considerations  I  would  add  yet  one  more — and,  as  regards  the 
wholesomeness  of  dwellings,  by  no  means  the  least  to  be  considered — in  the  fact 
that,  given  ordinary  housewifery,  darkness  may  be  used  as  a  synonym  for  dirt.  If  a 
room  is  generally  dark,  that  room  will  also  be  dirty.  If  a  room  is  moderately  well 
lighted  on  the  whole,  but  has  corners  or  recesses  into  which  the  light  does  not 
fi-eely  penetrate,  those  corners  or  recesses  wUl  be  dirty  corners  or  recesses.  Fluff 
and  dust  will  collect  in  them ;  the  broom  of  the  average  housemaid  wUl  describe  a 
curve  which  fails  to  penetrate  into  their  depths ;  and  they  become  receptacles  for 
decaying  organic  matter  of  various  kinds,  poisoning  the  air  of  the  occupants, 
mingling  with  their  food,  sometimes  actively  hurtful,  never  wholly  innocuous. 
Physicians  are  coming  to  the  knowledge,  by  slow  degrees,  that  household  dirt  is 
among  the  most  frequent  and  most  potent  of  the  causes  of  common  illnesses ;  and  a 
mistress  must  be  almost  superhuman  if  she  can  wage  successful  war  against  house- 
hold dirt  which  is  fostered  and  sheltered  by  darkness.  This  influence,  which  is  very 
considerable  in  the  homes  even  of  the  wealthy,  is  far  greater  in  those  of  the  poor. 
In  cottages  with  good  window  space,-  and  with  a  fair  allowance  of  sunshine,  the  filth 
which  may  be  found  in  those  less  favourably  constructed,  but  inhabited  by  persons 
of  the  same  class,  is  practically  unknown.  No  doubt,  there  is  much  to  be  wished 
for  even  in  the  former,  but  the  state  of  the  two  will  usually  admit  of  no  comparison. 

The  necessity  which  is  thus  imposed  upon  us  of  admitting  light  freely  into  our 
rooms  is  tempered  by  the  other  necessity  of  remembering  that  human  eyes  may  be 
injured  by  exposure  to  an  illumination  which  is  either  too  direct  or  too  brilliant.  The 
variations  in  the  size  of  the  pupillary  opening,  which,  in  a  general  way,  regulate  the 
amount  of  light  admitted  into  the  interior  of  the  eye,  are  not  sufficiently  prompt,  on 
passage  from  a  dark  into  a  brilliantly-lighted  apartment,  to  prevent  the  production  of 
some  dazzling  and  distress.  When  the  light  is  excessive,  even  the  greatest  contrac- 
tion of  the  pupil  is  not  enough  to  afTord  entire  protection ;  and  there  have  been  many 
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instances  in  which  sudden  exposure  of  the  eyes  to  bright  light  has  proved  permanently 
injurious  to  them.  Looking  at  the  sun  through  imperfectly  smoked  glass,  looking 
at  a  bright  object  on  the  stage  of  a  microscope  at  the  moment  when  a  cloud  has 
passed  away,  and  has  allowed  the  fuU  sunshine  to  fall  upon  it  and  to  be  reflected 
upwards,  travelling  over  snow  in  sunshine  without  dark  glasses  or  other  suitable 
protectors,  are  illustrations  of  some  of  the  ways  in  which  such  effects  have  been 
produced  ;  and  they  teach  us  that  although  sunlight  should  be  freely  admitted  into 
rooms,  it  should  not  fall  too  directly  either  upon  the  eyes  themselves  or  upon 
the  objects  of  vision.  The  desired  result  is  to  be  attained  partly  by  the  size 
and  the  position  of  the  windoAv,  partly  by  its  aspect,  partly  by  the  material  of 
which  it  is  made,  and  partly  by  the  blinds  and  curtains  with  which  it  is  fur- 
nished. 

As  regards  the  cardinal  point  of  size,  I  cannot  discover  the  existence  of  any 
universally  accepted  canon  of  proportion  amongst  architects,  by  which  a  certain 
superficial  area  of  window  surface  is  allotted  as  being  indispensable  for  a  certain  cubic 
space  of  room.  It  seems  clear  that  there  must  be  a  minimum  proportion  within 
which  good  lighting  cannot  be  expected ;  and  it  is  also  clear  that  the  window  surface 
which  would  be  sufficient  with  an  uninterrupted  outlook,  would  not  be  sufficient  in 
a  narrow  street,  or  in  the  face  of  any  obstacle^  interfering  with  the  approach  of 
light.  The  amount  of  window  space  now  given  in  a  building  is  probably 
regarded  chiefly  from  the  stand-point  of  architectural  style  ;  and  this,  if  so,  furnishes 
a  weighty  argument  against  the  use,  in  northern  countries,  of  styles  which  may  be 
well  adapted  for  the  more  brilliant  sunshine  of  the  south.  In  such  a  building  as 
the  new  Law  Courts,  for  example,  in  which  business  of  the  first  importance  will 
constantly  be  in  progress,  and  in  which,  from  every  consideration  of  health  and  of 
convenience,  the  smallest  possible  use  should  be  made  of  artificial  lighting,  the  choice 
of  a  style  should  have  been  materially  influenced  by  the  consideration  that  one,  more 
harmoniously  than  another,  would  carry  sufficient  window  openings  to  allow  the 
comparatively  faint  light  of  our  grey  skies  to  penetrate  into  the  interior  in  adequate 
quantity. 

It  must  not  be  supposed,  from  the  absence  of  any  rule  upon  the  subject,  that  it 
has  entirely  escaped  the  attention  of  architects ;  but  the  following  passages,  extracted 
from  Gwilt's  Encyclopaedia,  will  express  almost  the  whole  of  M^hat  has  been  laid  down 
by  authorities  with  regard  to  it : — 

"Vitruvius,  Palladio,  Scamozzi,  and  Philibert  de  L'Orme,  besides  many  other 
masters,  have  given  different  proportions  to  windows  as  connected  with  tho  apart- 
ments to  be  lighted.  That  these  should  be  different  is  indicated  by  the  different 
places  in  which  those  masters  have  written.  Nothing,  iiideed,  seems  so  much  to 
disallow  general  laws  as  the  proportions  of  windows  to  an  apartment,  according  to 
the  climate,  the  temperature,  the  length  of  the  days,  the  general  clearness  of  the 
sky,  the  wants  and  customs  of  commerce  and  of  life  generally.  In  hot  climates  the 
windows  are  always  few  in  number  and  small  in  dimensions.  As  we  approach  those 
regions  where  the  sun  has  less  power  and  the  winter  is  longer,  we  observe  always  an 
mcrease  in  their  size  and  number,  so  as  to  enable  the  inhabitants  to  take  as  much 
advantage  as  possible  of  the  sun's  light  and  rays.  It  seems,  therefore,  almost 
impossible  to  give  general  rules  on  this  subject.  We  shall  on  this  account  endeavour, 
m  the  rules  that  this  section  contains,  to  confine  ourselves  to  the  sizes  which  seem' 
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suitable  in  this  climate,  as  respects  the  proportion  of  light  necessary  for  the  comfort 
of  the  apartment. 

"  It  is  a  matter  of  experience  that  the  greatest  quantity  of  light  is  obtained  for 
an  apartment  when  lighted  by  an  horizontal  aperture  in  the  ceiling.  Of  this  a  very 
extraordinary  verification  is  to  be  found  in  the  Pantheon  at  Rome.  This  edifice, 
whose  clear  internal  diameter  is  142  feet  6  inches,  not  including  the  recesses  behind 
the  columns,  is  nearly  74  feet  high  to  the  springing  of  the  dome,  which  is  semi- 
circular. The  total  clear  number  of  cubic  feet  in  it  may  therefore  be  taken  in  round 
numbers  at  1,934,460.  Those  who  have  visited  it  well  know  that  it  is  most 
sufficiently  and  pleasantly  lighted,  and  this  is  effected  by  an  aperture  (the  eye,  as  it 
is  technically  called)  in  the  crown  of  the  dome,  which  aperture  is  only  27  feet 
in  diameter.  Now,  the  area  of  a  circle  27  feet  in  diameter  being  rather  more  than  572 
feet,  it  follows  that  each  superficial  foot  of  the  area  lights  the  astonishing  quantity 
of  neai'ly  3^380  cubic  feet.  Independent  of  all  considerations  of  climate,  this 
shows  the  amazing  superiority  of  a  light  falling  vertically,  where  it  can  be  intro- 
duced. But  in  a  majority  of  cases  the  apertures  for  light  are  introduced  in  vertical 
walls ;  and  the  consequence  is  that  a  far  greater  area  of  them  for  the  admission  of 
light  becomes  necessary.  In  considering  the  question,  it  must  be  premised  that 
a  large  open  space  is  supposed  before  the  windows,  and  not  the  obstructed  light 
which  it  is  the  lot  of  the  inhabitants  of  closely-built  streets  to  enjoy.  Again,  it  is 
to  be  recollected  that  in  the  proportioning  of  windows  it  is  the  apartments  on  the 
principal  floor  that  are  to  be  considered,  because  their  width  in  all  the  storeys  must 
be  guided  by  them,  the  only  variety  admissible  being  in  the  height.  In  this  country, 
where  the  gloom  and  even  darkness  of  wet,  cloudy,  and  foggy  seasons  so  much  pre- 
vail, it  is  better  to  err  on  the  side  of  too  much  rather  than  too  little  light,  and 
when  it  is  superabundant  to  exclude  it  by  means  of  shutters  and  blinds.  We  are 
not  very  friendly  to  the  splaying  of  windows,  because  of  the  irregularity  of  the 
lines  which  follows  the  practice  ;  but,  it  must  be  admitted,  it  often  becomes  necessary 
when  the  walls  are  thick,  and  in  such  cases  a  considerable  splay  on  the  inside 
increases  the  light  in  effect  by  a  great  diminution  of  shade.  It  is  well,  if  possible, 
to  have  an  odd  number  of  windows  in  an  apartment,  nothing  wherein  contributes 
more  to  gloom  than  a  pier  in  the  centre. 

"  We  do  not  think  it  necessary  to  advert  to  the  rule  of  Palladio  for  the 
dimensions  of  -windows  given  in  the  first  book  of  his  work,  because,  were  it  true 
for  the  climate  of  Northern  Italy,  it  would  not  be  so  for  that  of  Great  Britain. 
Neither  are  we  at  all  satisfied  with  that  which  in  his  j)ractice  Sii-  William  Chambers 
says  he  adopted,  and  which  is  as  follows,  in  his  own  words :— '  I  have  generally 
added  the  depth  and  height ' — we  suppose  width—'  of  the  rooms  on  the  principal 
floor  together,  and  taken  one-eighth  part  thereof  for  the  width  of  the  window— a 
rule  to  which  there  are  few  objections.  Admitting  somewhat  more  light  than 
Palladio's,  it  is,  I  apprehend,  fitter  for  our  climate  than  his  rule  would  be.'  This 
rule  is  empirical,  as,  indeed,  is  that  on  which  we  place  most  dependence,  and  to 
which  we  shall  presently  introduce  the  ji'eader,  being  ourselves  inclined  to  the  belief 
that  in  the  lighting  a  room  there  is  a  direct  relation  between  the  area  of  the  aperture 
admitting  the  liglit  and  the  quantity  of  cube  space  in  the  room.  Indeed,  the  law 
which  we  are  about  to  give  is  one  founded  on  the  cubic  contents  of  the  apartuient, 
and  if  the  results  bore  a  regular  ratio  to  that  quantity,  the  discussion  would  be  at 
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an  end.  for  we  should  then  only  have  to  ascertain  the  cubic  contents,  and  knowing 
how  much  an  area  of  light  one  foot  square  would  illuminate,  the  division  of  one  by 
the  other  would  supply  the  superficies  of  windows  to  be  provided.  Our  own  notion 
on  this  subject  is,  that  one  foot  superficial  of  light  in  a  vertical  wall,  supposing  the 
building  free  from  obstruction  by  high  objects  in  the  neighboui-hood,  will  in  a 
square  room  be  sufficient  for  100  cube  feet,  if  placed  centrally  in  such  room.  It 
will,  however,  immediately  occur  to  the  reader  that  this  rule  cannot  in  many  cases 
satisfy  the  requirements  of  an  apartment  as  respects  the  quantity  of  light  necessary 
for  its  proper  illumination.  The  subject  is  beset  with  numerous  difficulties,  which 
to  overcome  requires  the  greatest  skill.  In  the  case  of  an  apartment  long  as 
compared  with  its  width,  it  is  well  known  to  every  practical  architect  that  windows 
of  the  same  collective  area  at  either  of  the  narrow  ends  of  such  apartment  will 
light  it  much  more  effectively  than  if  the  same  area  of  light  were  admitted  on 
either  of  the  long  sides,  and  most  especially  so  if  it  should  happen  that  on  such 
long  side  there  were  a  pier  instead  of  a  window  in  the  centre  of  such  side.  In 
illustration  of  what  we  mean,  let  us  refer  the  reader  to  the  ball-room  at  Windsor 
Castle,  an  apartment  90  feet  long,  34  feet  wide,  and  33  feet  high.  This  room  is 
lighted  from  the  northern  narrower  side  by  a  window  nearly  occupying  the  width, 
and  is  supplied  by  an  abundance  of  light.  But  had  the  same  quantity  of  light 
been  admitted  from  either  of  the  long  sides  of  the  room,  so  many  masses  of  shadow 
would  have  been  introduced  through  the  interposition  of  piers  that  its  effect  would 
have  differed  most  widely  from  the  cheerful  and  airy  aspect  it  now  presents.  We 
have  taken  this  as  an  example  that  more  presently  occurs  to  us,  but  the  reader, 
from  his  observation,  will  have  no  difficulty  in  supplying  instances  in  corroboration 
of  our  impressions  on  this  subject. 

"  But  we  shall  now  proceed  to  give,  in  the  author's  own  words,  the  rule  of 
which  we  have  spoken.  That  author  is  Robert  Morris,  and  the  work  quoted  is 
'  Lectures  on  Architecture,  consisting  of  Rules  founded  on  Harmonick  and  Arith- 
metical Proportions  in  BuUding.'  '  There  are  rules,  likewise,  for  proportioning  of 
light  according  to  the  magnitude  of  the  room,  by  which  any  room  may  be  illu- 
minated more  or  less,  according  to  the  uses  of  them,  and  at  the  same  time  preserve 
an  external  regularity ;  which,  as  it  is  on  an  uncommon  basis,  I  shall  explain  to 
you  as  well  as  I  conveniently  can.  Let  the  magnitude  of  any  room  be  given,  and 
one  of  those  proportions  I  have  proposed  to  be  made  use  of,  or  any  other  ;  multiply 
the  length  and  breadth  of  the  room  together,  and  that  product  multiply  by  the 
height,  and  the  square-root  of  that  sum  will  be  the  area  of  superficial  content  in 
feet,  &c.,  of  the  light  requii-ed.' 

"  Suppose  a  room,  whose  magnitude  is  the  arithmetical  proportion  of  5,  4,  and 
3,  and  is  20  feet  long,  16  feet  broad,  and  12  feet  high,  the  cube  or  product  of  its 
length,  breadth,  and  height  multiplied  together  is  3,840,  the  square-root  of  which 
sum  is  62  feet.  If  the  height  of  the  storey  is  12  feet,  as  before  mentioned,  divide 
that  62  feet  into  three  windows.  Each  window  will  contain  20  feet  8  inches  of 
superficial  light,  and  those  will  be  found  to  be  3  feet  2  inches  broad,  and  6  feet 
5  inches  high,  which  are  windows  of  two  diameters. 

"  Let  us  now  suppose  another  room  on  the  same  range,  whose  height  is  12  feet 
as  the  preceding  example  is,  and  its  proportion  shall  be  the  cube.    The  product  of 
that  cube  is  1,728,  and  its  root  is  41  feet  4  inches,  or  thereabouts.    Divide  bhat 
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41  feet  4  inches  into  two  parts  for  two  windows,  and  each  will  be  20  feet  8  inches 
of  superficial  light,  and  those  will  be  two  diameters  in  height,  and  the  magnitude 
the  same  as  the  preceding  room." 

A  rule  of  a  very  diflFerent  character  has  been  promulgated  by  the  Local  Govern- 
ment Board,  in  the  "  Model  Bye-laws "  issued  by  them  for  the  use  of  sanitary 
authorities.  These  model  bye-laws  are  issued  as  suggestions  to  local  authorities, 
who  have  power  to  frame  bye-laws  in  their  respective  districts;  and  the  model 
No.  57  runs  as  follows  : — 

"Every  person  who  shall  erect  a  new  building  shall  construct  in  every  habitable 
room  of  such  building  one  window  at  the  least,  opening  directly  into  the  external 
air,  and  he  shall  cause  the  total  area  of  such  window — or,  if  there  be  more  than  one, 
of  the  several  windows— clear  of  the  sash-frames,  to  be  equal  at  the  least  to  one-tenth 
of  the  floor  ai-ea  of  such  room." 

Eoughly  measuring  two  rooms  in  my  own  London  house,  both  of  which  I  should 
consider  well  lighted,  I  find  that  one  of  them,  with  an  eastward  aspect,  has  a 
window  opening  of  36  square  feet  to  about  225  square  feet  of  floor  space,  and  to 
rather  more  than  2,000  cubic  feet  of  contents.  The  other,  with  a  Avestward 
aspect,  has  58  square  feet  of  window  opening  to  about  361  of  floor  space, 
and  to  rather  more  than  4,100  cubic  feet  of  contents.  In  the  smaller  room,  which 
has  a  window  larger  in  proportion  than  the  other,  the  lower  third  of  the  opening  is 
filled  by  slightly-tinted  cathedral  glass,  and  green  blinds  are  often  drawn  down  over 
the  upper  third.  In  the  larger  room  the  whole  window  is  filled  with  cathedral 
glass,  and  there  are  neither  blinds  nor  curtains.  Even  in  the  full  brightness  of  the 
afternoon  sun  there  is  here  no  excess  of  illumination ;  and,  at  other  times,  one 
would  instinctively  seek  the  vicinity  of  the  window  for  any  occupation  requii'ing 
extreme  accuracy  of  Adsion.  According  to  the  rule  quoted  by  Gwilt  from  Morris, 
the  smaller  room  should  have  45  feet  of  window  opening  instead  of  36,  and  the 
larger  should  have  64  instead  of  68.  According  to  the  more  moderate  requirement 
of  the  Local  Govei'nment  Board,  22  feet  would  suffice  for  the  smaller  room,  and 
36  for  the  larger.  The  eastward  window  opens  into  the  street,  the  westward  into 
an  open  space  of  much  greater  extent ;  and  I  am  disposed  to  think  that,  while  the 
latter  is  not  at  all  too  large,  but  sufficient,  the  former  might  be  diminished  in  size, 
not  perhaps  with  any  advantage,  but  certainly  without  any  injury  or  inconvenience. 

A  consideration  not  to  be  lost  sight  of,  in  regulating  the  lighting  of  rooms,  is 
that  the  eyes  are  protected,  by  their  position  ia  the  head,  by  the  eyebrows  and 
eyelids,  by  the  eyelashes,  and  by  many  prevailing  forms  of  head-dress,  against  any 
excess  of  light  coming  to  them,  as  natural  light  does  come,  from  above ;  whilst 
they  are  almost  entirely  unprotected  against  any  excess  of  light  which  comes  up 
to  them  from  below.  It  is  for  this  reason  that  the  glare  reflected  up  from  water, 
or  from  snow-covered  or  otherwise  white  ground,  is  often  very  distressing ;  insomuch 
that  the  inhabitants  of  countries  in  which  much  snow  falls  are  accustomed  to 
protect  themselves  by  some  kind  of  goggles.  If  we  have  low  windows,  so  as  to 
throw  a  strong  light  upon  the  floor  of  a  room,  and  especially  if  we  cover  this  floor 
with  light  or  bright-coloured  or  reflecting  surfaces,  we  expose  the  eyes  of  the 
occupants  to  similar  unfavourable  conditions.  The  low,  or  so-called  French 
windows,  opening  like  doors,  are  often  convenient  for  purposes  of  entrance  and 
exit,  but  in  dwelling-rooms  there  is  no  occasion  to  till  the  lower  portions  of  them 
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with  clear  glass;  and,  if  this  is  done,  it  is  desirable  to  let  the  light  so  admitted  fall 
upon  some  surface  of  dark  colour  and  absorbent  material.  In  all  occupations,  it  is 
highly  conducive  to  the  distinctness  of  vision,  and  hence,  to  the  comfort  of  the  eyes 
themselves,  that  the  chief  light  which  falls  upon  them  should  proceed  from  the 
object  looked  at,  and  should  be  that  wliich  forms  the  picture  of  this  object  upon  the 
retina.  If  an  opposite  condition  obtains,  and  the  eyes  are  receiving  light  at  the 
same  time  from  some  other  direction  or  some  other  source,  the  general  diflfused 
illumination  of  the  retina  which  is  thus  produced  serves  to  diminish  the  relative 
brightness  and  distinctness  of  the  image,  and  so  to  render  vision  less  certain. 
This  would  happen  in  the  case  of  a  person  who  was  sitting  reading  near  a  low 
window,  with  a  bright  floor  surface  beneath.  The  eyes  would  receive  not  only  the 
light  reflected  from  the  page,  but  also,  being  cast  down  to  read,  that  which  was 
reflected  from  the  ground  ;  and  the  latter,  not  being  f ocussed  upon  the  retina,  would 
cover  it  with  a  difiused  illumination,  and  would  render  the  words  and  letters  of  the 
printed  page  less  distinctly  visible. 

For  pursuits  which  do  not  require  accurate  vision  of  small  objects — such  pursuits, 
for  instance,  as  playing  chess  or  draughts — any  portion  of  an  ordinarily  lighted  room 
should  be  sufficient,  and  any  position  of  the  window  in  relation  to  the  eyes  should 
be  harmless  ;  but  when  sustained  accurate  vision  is  required,  as  in  such  pursuits  as 
reading,  writing,  or  fine  embroidery,  the  window  should  be  on  the  left  hand  of  the 
worker,  and  a  little  in  advance  of  him.  In  this  position,  and  in  this  position  only, 
will  the  eyes  receive  the  maximum  of  diffused  light  from  the  surface  looked  at, 
without  being  dazzled  by  the  direct  reflection  of  the  solar  beam.  If  the  light  is 
behind  the  worker,  the  body  will  intercept  it,  and  it  will  be  necessary  to  assume 
oblique  and  uncomfortable  attitudes.  If  the  light  is  on  the  right  hand,  the  shadow 
of  that  hand  will  constantly  obscure  the  work.  Either  of  these  positions,  however,  is 
better  than  a  direct  front  light ;  unless  tliis  is  derived  from  a  window  so  high  as  to  be 
quite  above  the  line  of  sight  when  the  eyes  are  lifted  in  a  moderate  degree.  In  all 
the  pauses  of  occupation,  the  eyes  are  lifted  instinctively ;  and  they  should  always  be 
lifted  to  a  lesser  degree  of  illumination  than  that  which  they  receive  while  working. 
The  lesser  amount  of  illumination  rests  the  nervous  tissues  of  the  retina,  allows  the 
pupil  to  expand,  and  is  a  moment  of  comparative  repose  for  the  whole  organ.  If, 
on  the  contrary,  the  eyes  are  lifted  to  encounter  an  increased  illumination,  as  must 
always  be  the  case  when  the  window  is  directly  in  front  of  them,  they  are  stimulated 
instead  of  being  rested,  their  pupils  contract  by  increased  muscular  effort,  their 
nerve-tissues  are  excited  instead  of  being  soothed,  and  the  intervals  of  labour, 
which  ought  to  be  periods  of  rest,  are  rendered  periods  of  increased  effort  and 
fatigue. 

When  a  facing  window  is  so  high  above  the  line  of  sight  that  no  inconvenience  is 
experienced  when  the  eyes  are  raised  in  the  usual  moderate  degree,  it  will  be  apt  to 
entail  yet  another  inconvenience,  by  bringing  them  into  the  very  track  of  the  solav 
beam  which  is  directly  reflected  from  the  surface  of  the  object  or  of  the  table.  In 
Fig.  182,  A  represents  a  person  sitting  opposite  a  window,  w,  which  is  placed  at  such 
a  height  that  its  light  falls  upon  the  table  surface  at  an  angle  of  45  degrees,  and 
hence,  in  accordance  witli  the  law  of  reflection,  is  reflected  from  the  table  at  the 
same  angle  and  in  the  same  plane,  just  striking  the  eyes  of  the  Worker.  In  Fig.  183, 
on  the  contrary,  the  window  is  to  the  left,  and  here  the  directly  reflected  beam 
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passes  in  front  of  the  worker,  who  receives  only  the  diffused  light  which  is  reflected 
in  various  directions  from  the  irregularities  of  the  surface  upon  which  it  falls. 

It  seems  to  follow,  from  the  foregoing  considerations,  that  the  sizes  and  positions 


Fig,  182.— Front  lUumination. 


of  the  windows  in  ordinary  sitting-rooms  may  safely  be  left  to  be  controlled  by 
customary  usage  and  proportion ;  and.  that  the  adult  occupants  of  such  rooms  will 
always  be  able  to  vary  their  own  positions  in  relation  to  these  windows  in  such  a 
manner  as  to  obtain  light  at  convenient  angles  and  in  a  sufficient  degree.  In  the  case 


t'ig.  183.— Left-lmud  Ulumination. 


of  rooms  appropriated  to  special  purposes,  however,  and  especially  in  school-rooms, 
either  public  or  domestic,  this  spontaneous  adaptation  of  means  to  ends  should  not 
be  relied  upon.    In  arranging  a  domestic  school-room,  parents  cannot  be  too  care- 
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fill  to  see  that  the  window  openings  are  sufficient ;  and  as  these,  when  once  made, 
can  seldom  be  altered,  that  the  positions  of  the  seats  are  arranged  strictly  with 
reference  to  them^  and  are  not  afterwards  departed  from.  For  children,  the  rule  of 
plenty  of  light,  and  that  plenty  coming  from  the  left  front  for  all  purposes  of  close 
application,  should  be  invariable. 

The  amount  of  light  received  by  any  surface,  and  by  which  it  is  rendered  visible, 
decreases  as  the  square  of  the  distance  of  that  surface.  The  diagram  in  Fig.  184 
represents  a  candle-flame  as  a  source  of  light,  with  rays  proceeding  from  it  in  right 
lines,  and  radiating  equally  in  all  directions. .  A  given  amount  of  this  light  falls 


rig,  1S4.— Distance  and  Illumination. 

upon  the  screen  c,  which  is  four  inches  square  and  four  inches  from  the  flame.  If 
the  screen  were  removed,  and  the  light  were  permitted  to  travel  four  inches  farther 
to  the  second  screen,  d,  it  avouM  cover  a  surface  sixteen  inches  square,  or  four 
times  the  size  of  the  preceding ;  and  it  is  obvious  that  any  space  of  the  second 
screen  equal  in  size  to  the  first  wUl  only  receive  one-fourth  of  the  light  which  the 
first  received.  If,  instead  of  the  screen,  we  have  a  printed  or  written  page,  at 
which  a  child  is  looking,  and  which  he  has  to  see  by  means  of  the  light 
reflected  from  its  surface,  it  is  plain  that  the  amount  of  this  light  which  will 
fall  upon  the  opening  of  his  pupil,  and  so  enter  the  eye,  will  be  quadrupled  by 
halving  the  distance  at  which  the  page  is  held.  It  follows  that  defective  illumina- 
tion compels  the  approximation  of  the  object  of  vision;  and  in  tliis  way  badly 
lighted  school-rooms  are  manufactories  of  short  sight.  Short  sight  depends  upon  a 
faulty  shape  of  the  eyeball,  in  the  direction  of  elongation  from  front  to  back  ;  and 
this  faulty  shape  is  liable  to  be  produced,  and  when  produced  is  always  increased, 
by  the  rolling  inwards  of  the  eyes  which  is  required  in  order  to  fix  them  both- 
upon  an  object  which  is  held  very  near  to  them.  Children  at  school  often  bring 
their  faces  too  near  to  their  books  from  other  reasons  than  defective  Hght :  partly 
because  their  seats  are  too  far  away  from  their  desks;  partly  because  the 
muscles  of  the  spine  become  tired  of  the  efibrt  of  "  sitting  up,"  and  suffer  the 
head  to  droop ;  partly  from  other  causes.  But  when  the  light  is  defective,  an 
undue  approximation  of  the  object  cannot  be  avoided,  and  canuot  fail  to  pro- 
duce or  increase  short  sight.  The  whole  subject  has  been  very  carefully  investigated 
by  Dr.  Cohn,  of  Breslau,  who  examined  the  eyes  of  10,0G0  school  children  in  that 
and  other  German  cities,  and  who  found  that  short  sight  steadily  increased,  alike  in 
the  per-centage  of  cases  and  in  the  average  degree  of  the  affection,  in  proceedin<' 
from  the  infant  to  the  finishing  schools.  As  an  evidence  of  the  influence  of 
defective  light  as  a  factor  in  its  production,  he  found  that  the  averages  were 
liigher,  both  as  to  number  and  degree,  in  schools  situated  in  the  narrow  streets 
of  old  cities,  and  therefore  badly  lighted,  than  in  any  others.  The  same  results 
have  been  obtained  in  Russia,  America,  and  other  countries,  and  will,  no  doubt,  be 
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obtained  in  England  whenever  they  are  carefully  looked  for.  The  small  and  faulty 
type  in  which  school-books  are  often  printed  adds  to  the  requirement  of  good  li<^ht 
for  deciphering  them ;  and  no  school-room  should  be  held  to  be  sufficiently  lighted, 
and  no  room  in  any  ordinary  dwelling-house  should  be  used  for  educational  purposes, 
unless  it  is  not  only  possible,  but  easy,  to  read  the  worst  printed  book  used  by  the 
children  at  a  minimum  distance  of  fifteen  inches  from  the  eyes. 

In  public  school-rooms,  besides  a  faulty  position  of  the  windows,  or  of  the  desks 
in  relation  to  them,  we  may  often  observe  the  additional  disadvantages  of  small 
square  or  lozenge-shaped  panes.  These,  when  they  are  opposite  the  eyes,  add  greatly, 
in  many  persons,  to  the  discomforts  and  inconveniences  of  a  facing  window.  It  is 
very  common,  or  in  some  degree  almost  universal,  for  the  surfaces  of  the  eye  to  be 
curved  somewhat  diflferently  in  different  directions,  so  that  the  boundary  lines 
of  squares  and  lozenges  cannot  all  be  seen  at  once  with  equal  distinctness.  When 
this  is  so,  the  irrepressible  desire  for  clear  images  leads  the  eyes  constantly  to  alter 
their  adjustment,  at  the  cost  of  muscular  effort  and  of  much  fatigue,  for  the  purpose 
of  seeing  these  boundaries  alternately ;  and  hence,  to  some  persons,  a  prospect  of 
squares  or  lozenges  becomes  excessively  fatiguing.  If  placed  facing  such  windows, 
all  the  children  of  a  class  lose,  as  already  explained,  the  repose  of  the  eyes  which  they 
would  obtain  if  they  could  look  up  from  their  books  to  a  lower  degree  of  illumina- 
tion ;  and  some  of  them  are  subjected  to  the  increased  effort  and  fatigue  mcidental 
to  placing  before  them  an  object  of  vision  which  brings  into  prominence  the  con- 
sequences of  a  defect.  The  small  panes  are  harmless  when  placed  on  the  left  of  the 
pupils,  provided  the  original  window  space  was  sufficient  to  afford  the  sacrifice  of 
the  large  portion  which,  in  glazing  with  squares  or  lozenges,  must  be  occupied  by 
opaque  lead  instead  of  by  transparent  glass. 

Speaking  generally,  then,  and  with  reference  to  cases  in  which  the  site  affords 
perfect  freedom  of  choice,,  a  school-room  should  have  numerous  windows  on  its  south 
side,  and  the  children  should  sit  at  parallel  desks,  placed  from  south  to  north  in  the 
intei'spaces  between  the  windows,  and  with  their  faces  to  the  west.  The  extreme 
left-hand  desks  should  not  touch  the  wall  in  which  the  windows  are  placed,  because 
if  they  did,  those  sitting  at  them  would  be  too  much  in  shadow ;  but  the  space  at 
this  side  of  the  room  should  be  utilised  as  a  gangway.  The  advantages  of  south 
windows  depend  upon  their  admitting  more  sunshine  than  those  in  any  other  aspect ; 
and  if  tliis  sunshine  should  cause  any  annoyance  from  glare,  the  windows  may  be 
glazed  with  ground  glass,  which  not  only  admits  absolutely  more  light 
than  clear  glass,  but  also,  by  the  multiple  reflections  from  its  surface, 
breaks  up  the  direct  and  dazzling  beam  into  diffused  illumination.  If  a  south  aspect 
is  not  available,  the  desks  should  be  so  arranged  as  to  keep  the  chUdren  with  their 
lefb  hands  towards  the  light.  If  the  windows  are  to  the  north,  or  in  any  aspect 
which  does  not  admit  sunshine  during  the  hours  of  work,  ground  glass,  though 
always  desirable,  will  no  longer  be  necessary. 

When  we  have  to  deal  with  a  room  the  window  space  of  which  is  absolutely 
deficient,  it  is  obvious  that  the  best  remedy  for  the  resulting  obscurity  ^vill  be  to 
enlarge  the  window.  When  this  cannot  be  done,  the  next  expedient  is  to  economise 
the  light  that  is  admitted,  and  to  render  as  much  of  it  as  possible  available  for  the 
purposes  of  vision.  To  this  end,  we  must  remember  that  what  we  call  a  light- 
coloured  surface  is  one  which  reflects,  either  from  its  surface  or  from  immediately 
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beneath  its  surface,  the  Larger  portion  of  the  light  which  falls  upon  it ;  while  a 
dark-coloured  surface  is  one  which  absorbs,  and,  by  converting  it  into  heat,  retains  the 
lar-er  portion  of  the  light  wHch  falls  upon  it.  Light-colouved  objects,  even  when  other 
than  purely  white,  reflect  absolutely  from  their  surfaces  light  which  is  white,  the 
very  solar  light  unchanged  in  the  proportions  of  its  ingredients;  and  they  reflect 
fi-om  immediately  beneath  their  surfaces  the  same  light,  deprived  of  more  or  less  ■ 
of  its  elements,  and  therefore  somewhat,  even  if  only  faintly,  coloured.  The  secret 
of  economising  light  is  to  Hne  and  furnish  a  room  with  Hght  colours,  and  to  render 
the  surfaces  superficially  reflecting  in  the  highest  possible  degree,  so  that  more  white 
light  may  be  returned  from  them  than  would  otherwise  be  the  case.  If  we  paper 
and  paint  the  walls  and  ceiling  with  light  colours,  the  rays  which  enter  by  the 
narrow  window  opening,  instead  of  being  absorbed  by  the  fii'st  surface  which  receives 
them,  will  be  reflected  to  and  fro  from  surface  to  surface;  and  if  we  have  the 
surfaces  well  varnished  over  the  paiut  and  paper,  so  as  to  render  them  glossy  and 
reflecting,  the  surface  reflections  of  white  light  wUl  be  stUl  more  considerable,  and 
the  hghting  up  of  the  room  will  be  still  more  improved.  Light-coloured  fui-niture 
and  draperies  will  be  subservient  to  the  same  efi'ect ;  and,  in  a  room  rendered  dark 
by  a  small  and  lofty  window  opening,  it  may  even  be  desirable  to  depart  from  the 
general  rule  already  laid  down,  and  to  introduce  light  colours  into  the  carpet. 

A  ready  evidence  of  the  practical  value  of  this  method  is  afi"orded  by  comparing 
the  number  of  candles  required  to  raise  a  room  so  furnished  and  fitted  up  to  a 
comfortable  standard  of  light  for  social  purposes  with  the  larger  number  which 
would  be  required  in  a  room  of  the  same  dimensions,  fitted  up  with  dark  walls, 
dark  drapery,  and  dark  furniture.  The  diflFerence  will  be  found  so  considerable 
as  to  outweigh  the  housewifely  objection  to  light  colours,  on  the  ground  of  their 
tendency  to  "  show  dirt."  For  my  own  part,  I  do  not  think  this  tendency 
objectionable,  because  the  more  the  dirt  is  shown,  the  more  speedily  is  it  likely  to 
be  cleared  away  ;  while,  if  the  walls  are  varnished  as  advised,  they  may  be  washed 
down  with  a  sponge  and  water,  without  the  smallest  injury,  as  often  as  circumstances 
may  require. 

When  the  light  of  a  room  is  deficient,  not  because  of  the  small  size  of  the  window 
space,  or  not  solely  from  that  reason,  but  also  on  account  of  defective  outlook,  as 
must  be  the  case  in  the  majority  of  narrow  streets,  especially  of  such  as  contain  tall 
houses,  the  same  recourse  to  light-coloured  walls  and  light-coloured  furniture  may 
be  had  with  equal  advantage.  We  have  here,  however,  other  resources  as  well. 
Where  the  access  of  light  is  barred  by  an  opposite  wall,  this  should,  whenever 
possible,  be  washed  or  painted  of  a  light  colour,  and  of  course,  by  preference,  white, 
so  as  to  increase  the  amount  of  reflection  from  its  surface ;  and  in  many  cases  benefit 
may  be  derived  from  the  use  of  the  suspended  external  mirrors  introduced  by 
Mr.  Chappuis,  under  the  name  of  "  Daylight  Reflectors,"  and  extensively  used  in 
the  narrow  streets  of  the  busiest  part  of  the  City  of  London.  Much  may  also  be 
done  by  pushing  out  the  window  so  as  to  render  it  flush  with  the  external  surface 
of  the  wall,  instead  of  being  buried  in  a  depression  on  that  surface,  and  by  filling  it 
with  ground  glass.  This  plan  was  first  recommended  by  Sir  David  Brewster,  and 
his  account  of  it  may  be  given  in  his  own  words.    He  says  : 

"If,  in  a  very  narrow  street  or  lane,  we  look  out  of  a  window  with  the  eye  in 
the  same  plane  as  the  outer  face  of  the  wall  in  which  the  window  is  placed,  we  shall 
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see  the  whole  of  the  sky  by  which  the  apartment  can  be  illuminated.  If  we  now 
withdraw  the  eye  inwards,  we  shall  gradually  lose  sight  of  the  sky  till  it  wholly 
disappears,  which  may  take  place  when  the  eye  is  only  six  or  eight  inches  from  its 
first  position.  In  such  a  case  the  apartment  is  illuminated  only  by  the  Hght 
reflected  from  the  opposite  wall,  or  the  sides  of  the  stones  which  form  the  window ; 
because,  if  the  glass  of  the  window  is  six  or  eight  inches  within  the  wall,  as  it 
generally  is,  not  a  ray  of  light  can  faU  upon  it.  If  we  now  remove  our  window, 
and  substitute  another  in  wliich  all  the  panes  of  glass  are  roughlv  ground  on  the 
outside,  and  flush  with  the  outer  wall,  the  light  from  the  whole  of  "the  visible  sky, 
and  from  the  remotest  part  of  the  opposite  wall,  will  be  introduced  into  the 
apartment,  reflected  from  the  innumerable  faces  or  facets  which  the  grinding  has 
produced.  The  whole  window  will  appear  as  if  the  sky  were  beyond  it,  and^from 
every  point  of  this  luminous  surface  light  will  radiate  into  all  parts  of  the  room." 
In  other  words,  the  more  light  your  window  can  itself  see,  the  more  it  will  be  able 
to  transmit. 

For  lighting  cellars,  whether  used  for  business  purposes  or  as  habitations,  use 
should  be  made,  whenever  possible,  of  some  of  the  A^arious  forms  of  lenses  or  prisms 
for  insertion  into  pavement  which  have  beei.  invented  during  the  last  few  years. 
By  an  arrangement  of  this  kind,  some  of  the  gas  and  water  subways  of  the  newest 
streets  in  the  City  are  very  eflfectually  illuminated ;  and  since  this  was  done,  the 
Rontrivances  themselves  have  been  multiplied  and  improved. 
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CHAPTER  XXXVIII. 

REGULATION  AND  CONTROL  OF  DAYLIGHT  ILLUMINATION. 

DesirabUity  of  Sun-liglit— Windows  with  Open  Prospect— Means  of  Preventing  Vision  througli  a 
"Window— Cathedral  Glass— Window-bliuds— General  Principles. 

In  considering  the  best  aspect  for  windows,  architects  are  limited,  of  course,  by 
the  requirements  of  the  site  upon  which  they  build,  by  the  declivities  of  the  ground, 
by  the  view  which  is  to  be  obtained  in  this  or  that  direction,  by  the  general 
arrangements  and  shape  of  the  house,  and  by  the  extent  to  which  its  walls  are 
presented  to  this  or  that  side  of  the  compass.    It  is  obvious  that  all  rooms  cannot 
have  the  best  aspect,  and  that  many  circumstances  must  determine  the  extent  to 
which  any  of  them  can  receive  this  advantage.    It  foUows,  however,  from  what  has 
been  already  said  with  regard  to  the  hygienic  influences  of  Light,  and  not  of  light 
merely,  but  of  the  actual  solar  ray,  that  it  should  be  an  object  to  introduce  this  ray 
wherever  possible.    The  aspect  of  bed-rooms,  regarded  merely  as  sleeping  apart- 
ments, does  not  appear  to  be  of  much  importance,  since  they  are  chiefly  occupied  at 
times  when  the  sun  is  absent ;  but,  in  any  case  of  illness  which  promises  to  be  of 
long  duration,  a  room  affording  sunlight  should  always  be  selected,  so  that,  in 
every  house,  at  least  one  of  the  sleeping  apartments  should  be  so  placed  as  to  supply 
this  want.    Day  nurseries,  again,  should  have  direct  sunlight;  and  so  should  all 
rooms  which   are   constantly  inhabited.      The  potency   of   sunlight,  however, 
although  highly  desirable  from  the  point  of  view  of  those  who  attach  importance  to 
cleanliness  and  to  the  prevention  of  disease,  is  often  in  much  disfavour  with  good 
housewives,  since  it  tends  to  bleach  nearly  all  coloured  fabrics,  and  is  even  accused 
of  putting  fires  out.    Hence,  in  many  dwellings  the  sun  is  treated  as  an  enemy  to 
be  excluded.    If  a  sitting-room  has  a  south  aspect,  its  window  is  furnished  with 
semi-opaque  blinds,  and  it  is  the  special  business  of  some  one  person  to  keep  these 
drawn  down  during  most  of  the  day,  lest  the  sun  should  spoil  the  curtains  and  the 
carpet.    In  London  and  other  large  cities,  at  least,  carpets  and  curtains  are 
abominations — mere  dirt-traps,  which  become  loaded  with  powdered  filth  of  every 
description.    Few  people  have  any  conception  of  the  amount  of  dirt  contained  in  an 
ordinary  carpet,  or  of  the  extent  to  which  what  is  commonly  called  "  bronchitis,"  and 
is  attributed  to  that  mysterious  agent,  "  a  cold,"  is  the  direct  result  of  drawing  this 
dirt  into  the  lungs  after  it  has  been  beaten  up  by  the  trampling  of  feet.  Curtains 
are  even  worse  ;  for,  although  their  vertical  position  does  not  afford  the  same 
facilities  for  lodgement  as  the  horizontal  position  of  the  carpet,  yet  there  is  much 
harbour  for  dust  between  their  folds,  and  this  dust,  if  it  is  ever  shaken  out  by 
housemaids,  has  no  choice  but  to  descend  upon  the  horizontal  surfaces  of  the 
room  :  partly,  of  course,  upon  tables  and  other  articles  of  furniture,  but  chiefly  upon 
the  floor,  there  to  await  the  next  stirring  from  the  feet  of  the  occupants.    If  any 
one  is  sceptical  on  these  points,  let  him  have  a  sitting-room  carpet  swept  with  a 
common  carpet  broom,  and  then  let  the  door  be  shut,  and  the  room  left  quiet  for 
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the  dust  to  settle.  Half-an-hour  afterwards  he  will  find  a  thick  layer  of  it  upon 
every  horizontal  surface ;  and  if  he  possesses  a  microscope,  and  has  the  curiosity  to 
examine  this  dust,  and  to  see  of  what  materials  it  is  composed,  I  shaU  count  upon 
him  as  a  convert  before  the  examination  has  been  pushed  very  far.  Household  dust 
is,  in  fact,  the  powder  of  dried  London  mud,  largely  made  up,  of  course,  of  finely- 
divided  granite  or  wood  from  the  pavements,  but  containing,  in  adcUtion  to  these, 
particles  of  every  description  of  decaying  animal  and  vegetable  matter.  The 
droppings  of  horses  and  other  animals,  the  entrails  of  fish,  the  outer  leaves  of 
cabbages,  the  bodies  of  dead  cats,  and  the  miscellaneous  contents  of  dust-bins 
generally,  all  contribute  their  quota  to  the  savoury  compound ;  and  it  is  to  preserve 
a  harbour  for  this  compound  that  well-meaning  people  exclude  the  sun,  so  that  he 
may  not  be  guilty  of  spoiling  their  carpets. 

Having  digressed  thus  far,  it  is  perhaps  pardonable  to  extend  the  digression,  and 
to  suggest  an  alternative  for  the  fabrics  which  by  some  are  so  much  valued.  In  my 
own  house  the  floors,  both  of  sitting-rooms  and  bedrooms,  are  covered  by  oak 
parquetry,  laid  down  by  Messrs.  Howard  at  the  very  moderate  price  of  one  shilling 
and  twopence  per  foot,  which  is  not  the  cost  of  a  good  carpet,  and,  for  a  room 
tAventy  feet  square,  amounts  to  just  £23  6s.  8cl  More  elaborate  patterns  can  be  had 
at  higher  prices,  but  what  I  have  mentioned  is  quite  good  enough  for  ordinary 
rooms,  looks  handsome,  and  wears  for  ever.  It  should  not  be  waxed,  but  French 
polished ;  after  which  it  may  be  wiped  over  or  swept  every  day  like  the  surface  of  a 
table,  and  once  a  month  or  so  it  should  be  wiped  Avith  spirit  of  turpentine,  which 
not  only  cleans  it  perfectly,  but  also  diffuses  a  fragrant  and  antiseptic  vapour 
through  the  atmosphere.  By  ojDening  the  windows,  anything  which  fastidious 
people  could  object  to  as  "a  smell  of  turpentine,"  is  dissipated  in  an  hour  or  so; 
but  it  must  not  be  forgotten  that  all  the  terebinthinate  vapours  are  extremely  whole- 
some. A  loosely  woven  rug  or  two,  such  as  are  sold  under  the  name  of  Scinde  rugs, 
but  which,  for  anything  I  know  to  the  contrary,  may  be  made  in  Yorkshire,  will 
serve  to  break  the  monotony  of  the  floor  surface.  These  rugs  hold  but  little  dust, 
may  be  shaken  outside  the  door  every  morning,  and  are  so  cheap  that  there  need  be 
no  compunction  about  throwing  them  away  when  soiled,  and  buying  new  ones.  The 
great  question  of  curtains  admits  of  a  still  more  easy  solution ;  for  it  is  only  neces- 
sary to  bestow  some  taste  and  skill  upon  the  painting  and  decoration  of  the  wood- 
work around  the  windows,  in  order  to  obtain  ornamental  surfaces  which  no  one  who 
possessed  them  would  wish  to  cover  up  and  conceal.  Where  this  cannot  be  done, 
let  the  curtains  be  of  some  white  fabric  of  a  semi-transparent  character,  such  as  lace 
or  gauze,  which  will  "  show  the  dirt "  to  such  an  extent  that  they  must  be  sent 
once  a  fortnight  to  the  washtub.  Assuming  that  it  may  sometimes  be  desirable  to 
moderate  or  regulate  the  admission  of  light,  this  may  be  done  by  roller  blinds 
of  fitting  material,  and  of  colour  suited  to  their  surroundings.  In  some  of  my  own 
rooms,  even  these  blinds  are  not  required,  the  windows  being  filled  with  slightly 
tinted  cathedral  glass,  so  that  the  sunlight  which  passes  through  them  is  broken  and 
diffused  in  its  course,  and  produces  no  unpleasant  effect  by  its  brightness. 

We  are  naturally  led  on,  from  this  point,  to  the  consideration  of  window  glass ; 
and  it  will  be  at  once  apparent  that  windows  may  be  divided,  as  regards  glazing, 
into  several  classes.  There  are  windows  which  command  a  desirable  prospect, 
windows  which  are  valuable  for  lighting  purposes,  but  which  command  only  an 
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undesirable  prospect ;  and  there  are  windows  whicli  are  only  wanted  as  sources  of 
light,  in  rooms  the  occupants  of  which  are  not  required  to  look  out  of  them.  The 
last  division  would  include  those  of  many  schoolrooms  and  workrooms  opening  upon 
streets,  in  which  it  would  be-  an  object  to  exclude  the  sight  of  any  passing  objects 
of  a  kind  calculated  to  distract  the  attention  of  the  inmates. 

Where  the  prospect  from  a  window  is  itself  desirable,  and  when  it  is  also  desir- 
able that  this  prospect  should  be  seen  and  enjoyed  by  those  within,  glass  of  the  most 
pellucid  clearness  is  of  course  to  be  preferred.  Common  window  glass,  as  everybody 
knows,  fulfils  what  may  be  described  as  the  ordinary  requirements  in  this  jiarticular, 
but  its  slightly  greenish  tint,  and  the  occasional  flaws  upon  its  surface,  are  sufficient 
to  declare  the  fact  of  its  presence,  and  to  show  that  something  intervenes  between 
the  prospect  and  the  spectator.  Wherever  the  increased  cost  is  not  prohibitive, 
plate-glass  is  much  to  be  preferred ;  not  only  because  its  transparency  is  such  as  to 
render  it  practically  invisible,  but  also  on  account  of  the  value  of  its  greater  thick- 
ness in  preventing  that  rapid  escape  of  the  heat  of  a  room  which  is  apt  to  occur 
through  thin  window  glass.  It  is  also  less  easily  penetrated  by  sound,  an 
advantage  in  noisy  streets  and  thoroughfai-es,  and  it  materially  strengthens 
windows  against  the  attacks  of  burglars,  a  matter  not  to  be  altogether  lost  sight 
■of  by  the  builders  of  suburban  residences.  By  some,  slightly  tinted  transparent 
glass  is  preferred,  in  order  that  it  may  cast  a  certain  glow  and  refulgence  over  the 
landscape ;  and  for  this  purpose  a  light  purple  or  mauve  has  been  most  employed. 
'The  effect  thus  produced  is  no  doubt  pleasing  for  a  time,  and  as  a  matter  of  variety 
from  more  customary  impressions ;  but,  in  fitting  up  a  house,  it  is  necessary  to 
remember  that  its  rooms  are  not  merely  for  the  accommodation  and  delectation  of 
chance  visitors,  but  that  they  are  to  be  lived  in,  year  after  year,  and  in  all  con- 
ditions of  light,  of  sky,  and  of  atmosphere.  In  that  which  is  always  with  us, 
nothing  is  so  permanently  soothing  and  pleasant  as  simplicity,  and  anything  which 
widely  departs  from  simplicity  never  fails,  in  the  long  run,  to  fatigue  both  the  eye 
and  the  attention.  Nature's  own  harmony  of  colour,  in  garden  or  landscape,  will  be 
.a  source  of  more  lasting  pleasure  that  the  same  outlines  when  seen  through  a 
transforming  medium ;  and,  in  accordance  with  the  rule  laid  down  by  Professor 
Barff;  and  already  mentioned,  the  tints  which  are  the  immediate  results  of  the 
•dispersion  of  sunUght,  and  which,  if  recombined,  would  blend  in  whiteness,  are 
more  restful  and  pleasing,  when  long  regarded,  than  any  others  by  which  they  can 
be  re^ilaced. 

If,  as  must  often  be  the  case  in  London  and  other  large  towns,  especially  with 
back  windows,  the  view  commanded  by  one  which  cannot  be  dispensed  with  as 
a  source  of  light  is  otherwise  of  an  unpleasant  character;  the  prospect  of  a  mews, 
for  example,  or  of  the  backs  of  the  houses  in  an  adjacent  street,  the  problem  of 
admitting  the  light  while  the  view  is  excluded  may  be  solved  in  various  ways.  For 
rooms  which  are  not  inhabited,  such  as  bath-rooms  and  the  like,  in  which,  moreover, 
It  is  often  desirable  to  exclude  not  only  a  look  out,  but  also  the  power  of  others  to 
look  m,  any  of  the  numerous  cheap  forms  of  fluted  or  ground  glass  will  sufiice. 
AU  such  glass,  as  has  been  already  mentioned  in  a  quotation  from  Sir  David 
Brewster,  increases  the  amount  of  light  which  finds  entrance  through  the  ^vindow 
•opemng;  and  the  precise  texture  of  its  surface  is  a  matter  of  little  or  no  moment 
Where  ornament  is  desirable,  either  from  within  or  from  without,  what  is  called 
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embossed  glass,  will  supply  the  requirement.  In  this,  a  fleur  de  lis,  a  diaper,  a  fret, 
or  some  other  simple  pattern,  not  large  enough  or  continuous  enough  to  produce  a 
practical  transparency,  is  sunk  or  stamped  upon  the  sheet  of  glass ;  and  then  the 
remainder  or  raised  portion  is  ground  so  as  to  transmit  light  but  to  obstruct  vision. 
Such  glass  is  made  in  thick  sheets  resembling  plate,  is  very  moderate  in  cost,  and 
has  the  advantage,  like  plate,  of  retaining  the  warmth  of  the  interior.  It  is  also  so 
strong  as  to  be  scarcely  at  all  liable  to  domestic  breakage,  and  will  withstand  the 
shock  of  a  child's  hard  ball,  even  if  thrown  with  considerable  force. 

When  it  is  desired  to  exclude  the  view  from  the  window  of  a  sitting-room,  the 
best  material,  beyond  all  question,  is  slightly  tinted  cathedral  glass.  The  tint  must 
not  be  strong,  or  it  will  in  time  be  wearisome  to  the  eye ;  and  the  colours  selected 
must  be  such  as  to  produce  a  white  light  combination.  Cathedral  glass  is  usually 
cut  into  pieces  about  three  inches  square,  which  are  mounted  in  lead  ;  and,  assuming 
the  original  window  to  have  large  panes,  the  best  method  of  proceeding  is  to  line 
each  of  these  with  a  compound  pane  made  up  of  the  small  pieces,  and  fixed  to  the 
sash  bars  by  screws  or  slight  wooden  fillets,  so  arranged  that  the  coloured  glass  can 
be  taken  down  whenever  necessary,  to  be  cleaned  itself,  and  to  allow  the  transparent 
glass  behind  it  to  be  cleaned  also.  A  very  excellent  and  permanently  pleasing 
effect  may  be  produced  by  making  each  compound  pane  of  alternate  squares  of  a 
very  light  tender  green  and  soft  gi-ey ;  the  small  quantity  of  brighter  colour  required 
being  introduced  in  a  narrow  border  formed  of  strips  of  red,  yellow,  and  blue 
in  rotation.  Such  compound  panes  can  be  supplied  at  about  four  shillings  the 
superficial  foot.  The  texture  of  the  cathedral  glass  is  such  that  it  does  not  diminish, 
nay,  it  probably  somewhat  increases,  interior  illumination ;  but  the  light  which 
it  transmits  is  so  broken  in  its  passage  that  there  is  no  definite  beam,  even  in  direct 
sunlight,  and  consequently  no  glare  or  unpleasant  reflection  from  any  part  of  the 
room.  With  such  a  window  there  can  never  be  any  occasion  to  draw  curtains  or  to 
pull  down  blinds;  and  hence  these  dirt  traps  may  be  omitted  from  the  scheme 
of  furnishing.  Where  a  greater  amount  of  ornament  is  desired,  or  where  it  would 
be  in  harmony  with  the  rest  of  the  apartment,  the  squares  may  be  enriched  by 
patterns  painted  upon  them  and  burnt  in.  A  simple  diaper,  a  fleur  de  lis,  a  Tudor 
rose,  a  sprig  of  leaves  and  blossom,  either  natural  or  conventional,  may  thus  be 
executed  at  a  moderate  expense;  or  the  centres  of  the  panes  may  be  occupied 
by  something  more  ambitious,  as  by  armorial  bearings,  by  figures,  or  by  heads,  and 
the  lead  mounting  may  be  altered  in  appearance  by  being  gilt.  On  the  whole, 
however,  and  for  ordinary  houses,  I  still  maintain  that  simplicity  is  best. 

As  seen  from  the  exterior,  the  effect  of  the  cathedral  glass,  if  not  beautiful,  is 
at  least  in  no  way  conspicuous  enough  to  be  unpleasing  ;  and  the  same  applies  to 
the  effect  which  it  produces  from  the  interior,  when  the  room  is  lighted  up  by 
artificial  means.  It  is  then  to  all  intents  and  purposes  invisible,  and  there  is 
flothing  which  would  call  attention  to  such  a  window  at  all. 

I  have  often  heard  it  said,  as  an  unanswerable  objection  to  my  proposal  to 
abolish  window  curtains,  that  they  keep  a  room  warm;  that  an  "unprotected 
window  is  a  source  from  which  a  constant  current  of  cold  air  rushes  towards  the 
fire,  chilling  on  its  road  all  those  occupants  of  the  room  whom  it  encounters  ;  and 
that  there  is  nothing  so  "  cosy,"  which  I  sliould  translate  "  stuffy,"  as  to  draw  the 
window  curtains  on  a  winter's  night,  and  tlien  to  sit  around  the  cheerful  blaze  ot  the 
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fire.  If  a  house  has  been  "run  up"  by  a  speculative  builder,  if  the  window- 
frames  do  not  fit  the  sashes,  and  if  the  absence  of  any  designed  arrangement  for  the 
admission  of  air  receives  a  large  compensation  from  what  may  be  called  accidental 
or  crevice  ventilation,  then,  no  doubt,  curtains  may  be  used  with  advantage  in  the 
manner  described.  If  the  window-glass  is  very  thin,  a  mere  partition  through 
which  the  external  and  internal  temperatures  are  perpetually  trying  to  equalise 
themselves,  then  also  the  argument  may  hold  good  in  some  degree.  But,  if  the 
sashes  fit  properly,  and  the  glass  is  of  proper  thickness,  no  current  of  cold  air  from 
the  window  will  exist,  and  the  inner  panes  of  cathedral  glass  are  great  additions 
to  comfort  in  this  respect.  They  not  only  double,  or  more  than  double,  the  thickness 
of  the  window,  but  they  present  th^^  thickness  in  two  separate  layers,  between 
which  the  most  complete  non-conductor,  a  layer  of  still  air,  is  retained.  In  order 
to  retain  this  completely,  the  edges  of  the  wooden  fillets  may  be  united  to  the 
compound  panes  by  putty,  and  then  the  two  interior  or  opposed  surfaces  of  glass, 
being  closed  against  the  entrance  of  dirt,  will  not  require  cleaning. 

The  same  compound  panes  may  be  used  with  great  advantage  to  line  the 
lower  halves  or  lower  portions  of  ordinary  windows,  in  lieu  of  blinds  of  any  other 
description.  They  entirely  conceal  the  occupants  of  a  room  from  external  j)assers- 
by,  and  they  are  much  more  in  harmony  with  the  notion  of  a  window  than  any  of 
the  bits  of  canework  or  basket-work,  the  framed  sheets  of  wire  gauze,  the  cases  of 
ferns  and  butterflies,  and  the  various  other  contrivances  too  numerous  to  mention, 
by  which  the  lower  portions  of  many  ground-floor  windows  are  customarily  dis- 
figured. Still  more  are  they  to  be  preferred,  for  bed-rooms,  to  the  draggle-tailed 
abominations  known  as  muslin  blinds,  which,  from  the  outside,  never  look  tidy 
unless  an  upholsterer's  man  is  employed  to  come  once  a  week  to  change  and  fix 
them.  When  left  to  the  tender  mercies  of  the  average  housewife  or  housemaid, 
and  changed  only  at  her  discretion,  they  are  not  to  be  seen  from  the  street  without 
a  shudder.  The  blinds  of  cathedral  glass  can  be  washed  in  five  minutes  with  a 
sponge  and  water,  they  are  always  neat-looking  from  the  exterior,  and  their  soft 
light  is  always  pleasant  and  harmonious  to  those  within.  In  this  account  of  them, 
however,  I  must  be  understood  to  speak  only  of  the  small  squares  of  soft  colour, 
and  not  of  the  more  ambitious  performances,  containing  figures  of  sprawling 
nymphs,  or  heads,  "  taken  from  the  antique,"  of  which  there  are  a  few  specimens 
to  be  seen  in  London  thoroughfares.  Neither  are  my  observations  intended  to 
apply  to  those  cases  in  which  the  lead  mounting  of  the  small  squares  is  gilded. 
The  intense  "brassiness"  of  aspect  which  is  presented  by  gUding  in  such  a 
situation  is  something  almost  too  painful  to  contemplate. 

The  selection  of  roller  blinds  for  the  situations — and  they  are  very  numerous  in 

which  such  blinds  are  beneficial,  is  a  matter  which  should  receive  careful  attention. 
The  materials  available  for  the  purpose  have  much  increased  in  number,  and  also  in 
beauty  and  fitness,  during  the  last  few  years,  and  the  old-fashioned  white  roller 
blind  is  probably  now  only  to  be  found  in  a  few  badly-furnished  inns  or  remote 
country-houses.  The  colour  selected  must  necessarily  be  governed,  in  the  majority 
of  cases,  by  that  of  the  rest  of  the  furniture  or  decorations  of  the  room,  with  which, 
of  course,  the  blinds  should  be  in  harmony ;  but  the  material  should  always  be  of 
sufficient  thickness  to  be  effectual  as  an  impediment  to  the  passage  of  light,  and  to 
damp  or  exclude  it  in  a  decided  manner.  The  white  blind  conspicuously  'fails  in 
30 
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this  respect,  and,  indeed,  scarcely  answers  any  other  purpose  than  to  prevent 
persons  on  the  outside  of  a  window  from  seeing  into  the  room.  A  good  and 
comparatively  opaque  blind  is  made  of  a  sort  of  holland,  dyed  of  a  dark  green, 
buff,  or  red  colour,  but  perhaps  the  best  material  is  either  tammy  or  what  is 
known  as  "  tick,"  a  fabric  which  bears  some  resemblance  to  ordinary  bed-ticking. 
A  perfectly  opaque  blind  has  recently  been  introduced,  made  of  a  material  called 
"  empire  cloth,"  but  I  have  no  experience  of  its  qualities.  The  coloixr  of  a  blind 
is,  I  think,  a  matter  of  small  consequence,  as  long  as  the  tissue  from  which  it  is 
made  is  of  sufficient  thickness  in  all  its  parts.  We  often  see  striped  materials 
which  do  not  fulfil  this  condition,  and  which  are  very  objectionable.  A  blind 
striped  with  white  and  some  darker  colour,  arranged  in  longitudinal  bars,  is  quite 
harmless  as  long  as  the  white  portions  do  not  admit  more  light  than  the  rest  ;  but, 
if  it  presents  to  the  eye  an  alternation  of  light  and  dark,  as  well  as  of  colour,  it 
soon  becomes  disagreeable  and  fatiguing.  Theoretically,  blinds  which  are  dark 
green  or  blue  should  be  more  soothing  to  the  sight  than  those  which  are  red  or 
yellow,  but  I  doubt  whether  this  will  be  found  to  be  the  case  in  practice,  at  least 
in  any  important  degree.  I  have  lived  a  good  deal  in  rooms  with  red  blinds,  and 
also  in  rooms  with  buff  or  yellow  blinds,  and  never  perceived  the  smallest  incon- 
venience from  either. 

It  must  be  remembered  that  blinds  are  required  to  be  of  different  qualities  in 
accordance  with  the  rooms  in  which  they  are  placed,  or,  rather,  in  accordance  with 
the  several  purposes  to  which  those  rooms  are  devoted. 

In  ordinary  sitting-rooms,  the  chief  use  of  a  blind  is  occasionally  to  subdue  the 
direct  solar  light,  when  it  shines  in  through  a  transparent  window  in  such  a  manner 
as  to  be  dazzling  to  the  occupants,  and  for  this  purpose  a  comparatively  thin 
material  will  be  sufficient.  "We  have  seen  already  that  free  exposure  to  the  solar 
light  is  good  and  healthful,  and  therefore  the  less  of  this  light  we  exclude  the 
better,  so  long  as  the  requirements  of  comfort  are  fulfilled.  A  blind  of  light  semi- 
transparent  tammy,  preferably,  perhaps,  of  a  blue  or  green  colour,  will  be  sufficient 
to  allow  ordinary  occupations  to  be  carried  on  in  any  part  of  the  room,  without 
interference,  or  distress  of  the  eyes,  by  reason  of  solar  glare.  As  already  written, 
I  have  no  sympathy  with  those  good  housewives  who  would  pull  down  opaque 
blinds,  and  exclude  as  much  light  as  possible  from  themselves  and  from  their 
families  in  order  to  protect  a  carpet  which  would  be  far  better  discarded. 

In  workrooms,  or  places  in  which  the  eyes  are  used  continuously,  instead  of  in 
the  intermitting  fashion  of  domestic  life,  and  in  which  the  aspect  of  the  windows  is 
such  that  at  certain  times  of  the  day  the  sunHght  not  only  streams  in  at  certam 
windows,  but  also  falls  directly  upon  the  tables  or  the  eyes  of  the  workers,  the  object 
of  the  blinds  should  be  to  convert  this  direct  sunlight  into  the  semblance  of  diffused 
daylicrht,  and  to  preserve,  as  much  as  possible,  uniformity  of  illumination.  For 
this  purpose,  the  blinds  should  be  of  uniform  tint,  dark  enough,  but  not  too  dark, 
and  permitting  the  somewhat  free  passage  of  the  rays  which,  nevertheless,  they 
completely  diffuse  or  scatter.  No  certain  rule  can  be  laid  down,  as  much  must 
depend  upon  the  size  of  the  window  opening,  its  distance  from  the  seats  of  the 
workers,  its  precise  aspect,  and  other  similar  considerations.  An  employer  or  a 
teacher  who  wishes  for  good  work  must  take  the  trouble  to  satisfy  himself  that  the 
best  attainable  conditions  of  illumination  are  secured,  by  the  exclusion  ot  hgM 
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when  necessary  as  well  as  by  its  admission  ;  and  the  crucial  test,  in  every  case,  will 
be  supplied  by  the  comfort  or  discomfort  of  the  workers. 

But  the  place  where  the  blind  most  requires  to  be  considered,  and  to  be  effectual, 
is  a  bedroom,  especially  one  facing  towards  the  east,  and  in  which  the  shape  and 
other  peculiarities  of  the  room  render  it  convenient  to  place  the  bed  opposite  the 
window  or  windows.  In  the  conditions  of  modern  civilisation,  there  are  very  few 
persons  who  can  affoi*d  to  be  wakened,  or  even  to  pass  from  sound  into  light 
slumber,  at  daybreak,  and  yet  this  effect  is  often  produced  by  the  morning  light, 
imperfectly  excluded  from  the  apartment.  Darkness  is  a  most  important  aid  to 
sound  and  refreshing  sleep,  and  few  things  are  more  distressing,  to  anyone  accus- 
tomed to  a  well-darkened  bedroom,  than  to  be  arotised  by  the  sunlight  shining  in 
upon  a  strange  bed,  at  an  hour  when  none  of  the  inmates  of  the  house  are  stin-ing. 
For  a  bedroom  with  its  bed  facing  a  window,  and  especially  an  east  window,  into 
which  the  morning  sun  shines,  not  only  should  the  blinds  be  of  dark  and  opaque 
material,  and  so  carefully  fitted  that  no  lines  of  bright  light  find  admission  on 
either  side  of  them,  but  the  aid  of  shutters  should  also,  generally  speaking,  be 
obtained.  It  is  always  easy  to  provide  the  means  of  being  awakened  at  any 
necessary  hour ;  it  is  seldom  possible  to  resume  the  thread  of  a  sleep  which  has 
been  prematurely  interrupted.  An  incidental  advantage  of  using  bedroom  shutters, 
and  one  not  to  be  despised,  is  that  when  they  are  shut  and  opened  every  day,  there 
is  less  than  the  ordinary  probability  of  accumulations  of  dirt  being  suffered  to  rest 
undisturbed  behind  them.  Of  course,  the  artificial  darkness  must  be  exchanged, 
as  soon  as  the  period  allotted  to  sleep  is  over,  for  the  freest  possible  admission  of 
sunlight,  in  order  to  obtain  its  purifying  influence.  "When  the  bed  can  be  so  placed, 
in  relation  to  the  windows,  that  the  morning  light  does  not  fall  directly  upon  the 
face  of  the  sleeper,  it  is  not  necessary  to  insist  upon  such  rigorous  exclusion. 

To  sum  up  what  has  been  said,  the  general  principles  on  which  to  regulate  the 
lighting  of  rooms  are  mainly  these.  The  window  space  should  be  ample  ;  the  win- 
dows so  situated  as  to  allow  desks  or  work-tables  to  be  placed  in  such  a  manner  that 
the  occupants  have  the  chief  Hght  on  the  left  front,  or  else  so  high  above  them  that 
the  eyes  when  raised  from  the  work  do  not  receive  an  increased  illumination.  When 
facing  windows  are  inevitable,  they  should  be  glazed  with  large  panes,  not  with 
small  parallelograms,  the  outlines  of  which  are  distressing  to  many  eyes,  and  they 
should  be  well  furnished  with  good  blinds  for  the  sake  of  toning  down  the  light  at 
periods  when  it  would  otherwise  be  excessive,  and  of  keeping  it  approximately  equal 
at  different  times  of  the  day  and  different  seasons  of  the  year.  When  the  admission 
of  light  is  required  without  an  outlook,  the  various  forms  of  ground  or  rolled  glass 
should  be  used  for  rooms  in  which  ornament  is  not  essential;  and  for  others'' the 
same  purpose  may  be  better  fulfilled  by  the  use  of  cathedral  glass,  tinted  in  soft 
colours  and  low  tones. 
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CHAPTER  XXXIX. 

ARTIFICIAL  ILLUMINATION — INCANDESCENCE — NATURAL  AND  ARTIFICIAL 

LIGHT  COMPARED. 

Incandescence — General  Nature  of  tlie  Ulumination  from  a  Flame — Incandescence  caused  by  an. 
Electric  Current— General  Characteristics  of  Artificial  Light— Injurious  Effects  of  Ordinary- 
Artificial  Light— Peculiarities  of  the  Electric  Light. 

In  the  English  climate,  and  in  the  existing  state  of  civilisation,  the  light  which 
is  derived  immediately  from  the  sun  supplies  but  a  comparatively  small  portion  of 
the  wants  of  the  inhabitants ;  and  there  are  many  of  the  busiest  and  most  active 
hours  of  life  in  which  we  are  entirely  dependent  upon  artificial  substitutes.  With 
sunlight,  our  powers  are  limited  to  regulating  the  conditions  of  its  admission,  and  to- 
modifying  its  character  by  the  subtraction  of  some  of  its  parts ;  but  artificial  light, 
as  far  as  its  properties  extend,  is  much  more  under  our  control.  It  is  therefore 
highly  impoi-tant  that  we  should  select  such  forms  of  it  as  are  most  conducive  to  the 
welfare  of  the  eyes,  to  accurate  and  sustained  vision,  and  to  the  purity  of  the  atmos- 
phere of  our  dwellings.  On  all  these  points  there  are  many  elements  to  be 
considered. 

Artificial  light  is  obtained  by  raising  some  substance  to  such  a  temperature  that 
it  becomes  incandescent,  and  this  is  accomplished  in  various  ways  ;  the  colour  of  the 
resulting  light  bearing  a  general  relation  to  the  elevation  of  the  temperature.  A 
heated  bar  of  iron,  even  whHe  it  is  still  black,  imparts  to  the  surrounding  ether  a 
movement  like  that  of  the  large  waves  beyond  the  visible  red  of  the  spectrum,  and 
this  movement  is  felt  as  warmth.  As  the  temperature  of  the  iron  rises,  the  waves- 
increase  in  rapidity  of  recurrence  and  diminish  in  length;  until,  in  time,  they 
become  visible  in  the  form  of  red  light,  and  we  say  that  the  ii-on  is  red  hot.  The 
temperature  still  rising,  white  heat  is  attained;  or,  in  other  words,  the  vibrations 
assume  sufficient  rapidity  to  produce  the  other  elements  of  the  solar  spectrum,  and 
the  commingling  of  all  the  waves  is  felt  as  white  light. 

Until  a  comparatively  recent  period,  the '  incandescence  required  for  artificial 
iUumiuation  was  obtained  exclusively  by  the  utUisation  of  the  heat  developed  during 
the  occurrence  of  chemical  change;  but  to  this  must  now  be  added  that  which  is- 
derived  from  the  impeded  conduction  of  an  electric  current. 

The  chemical  change  which  is  accompanied  by  the  development  of  heat  and  light 
is,  most  commonly,  oxidation ;  and  the  substances  wHch  would  burn  iii  the  presence 
of  oxvgen,  under  favourable  conditions,  are  very  numerous.  The  luminosity  which 
they  Vield  when  burning  does  not  depend  only  upon  the  temperature  which  is  pro- 
duced, but  also  upon  the  character  of  the  particles  of  the  resultiiig  oxide  and  upon 
their  capacity  for  becoming  incandescent.  If  we  burn  pure  hydrogen,  the  flame  s 
intensely  hot,  but  is  only  faintly  luminous,  because  the  resulting  oxide  is  ^  atei 
and  the  particles  of  water  are  ill-adapted  for  the  display  of  luminosity  If,_  oi.  the 
other  hand,  we  bum  a  piece  of  magnesium  or  zinc  wire,  the  luminosity 
because  the  resulting  oxide  of  magnesiiun  or  of  zinc  is  capable  of  bemg  raised  to 
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Avhite  heat  without  being  thereby  either  dissipated  or  destroyed.  Magnesium  and 
zmo,  however,  like  many  other  substances  which  yield  an  abundant  luminosity,  are 
not  manageable  in  practice,  on  account  of  the  difficulty  of  dealing  with  the  bulky 
products  of  their  combustion.  The  oxide  of  either  metal,  after  being  for  a  moment 
heated  to  whiteness  in  the  flame,  would  fall  out  of  it  by  the  action  of  gravity,  and  ^ 
would  be  deposited  as  a  white  powder  below  :  whUe  yet  another  objection  would  ^• 
arise  from  the  very  rapid  wasting  of  the  metallic  fuel.  In  practice,  the  best  results 
obtainable  by  combustion  are  those  yielded  by  burning  mixtures  or  compounds  of 
hydrogen  and  carbon.  In  these,  the  affinity  of  hydrogen  for  oxygen  being  greater 
than  that  of  carbon,  the  whole  of  the  oxygen  immediately  surrounding  the  flame  is 
at  first  seized  upon  by  the  hydrogen,  intense  heat  with  faint  luminosity  is  produced, 
and  the  carbon  is  set  free.  The  liberated  carbon,  which  is  in  a 
state  of  extremely  fijie  division,  becomes  heated  to  incandescence 
in  the  hydrogen  flame,  which  it  renders  brightly  luminous ;  and 
then,  instead  of  falling  as  the  oxides  of  zinc  or  of  magnesium  would 
<lo,  it  finds  a  supply  of  oxygen  for  itself  outside  of  the  region 
within  which  the  claims  of  the  hydrogen  are  satisfied,  and  is  itself 
-oxidised  in  its  turn,  and  converted  into  carbonic  acid  or  carbonic 
•oxide,  the  latter  only  very  sparingly.  The  main  products  of  such 
-combustion,  therefore,  are  carbonic  acid  gas  and  water ;  and  com- 
bustion vitiates  the  atmosphere  in  two  ways,  first,  by  withdrawing 
oxygen,  secondly,  by  producing  carbonic  acid. 

The  changes  above  described,  as  they  occur  in  a  common  candle, 
may  be  illustrated  by  the  diagram  in  Fig.  186.  The  heat  of  the 
flame  liquefies  the  portion  of  the  candle  immediately  beneath  it,  and 
thus  forms  a  little  cup  or  reservoir  of  hot  oil.  This  oil  ascends 
through  the  fibres  of  the  wick  by  capillary  attraction,  and  reaches 
the  interior  of  the  flame,  where,  being  screened  from  oxygen,  it  is 
subjected  to  a  kind  of  distillation,  and  is  converted  into  gas.  The 
hydrogen  element  of  this  gas  burns  in  the  manner  already  described, 
and  the  carbon  element,  first  heated  to  whiteness  or  redness  in  the 
hydrogen  flame,  is  ox,idised  immediately  around  it.  In  course  of  time,  as  the  fat  is 
-consumed,  its  level  descends ;  and  the  charred  and  partially  consumed  wick  would 
therefore  rise  to  a  greater  height  in  the  flame,  lowering  the  temperature  by  its 
presence,  and  diminishing  the  combustion  and  the  consequent  luminosity.  This 
difficulty,  which  our  forefathers  overcame  by  the  use  of  snuff"ers,  is  now  obviated 
by  causing  the  wick  to  curl  outwards  t9^  the  edge  of  the  flame,  where  the  ash  of  its 
-terminal  portion  constantly  either  fallP  or  is  itself  oxidised. 

In  the  forms  of  incandescence  which  constitute  what  is  known  as  the  electric  lio-ht 
the  heat  is  obtained  by  the  impeded  conduction  of  an  electric  current.  The  process 
which  is  described  as  conduction  is,  no  doubt,  the  excessively  rapid  propagation  of 
wave  movement  through  the  constituent  molecules  of  the  conducting  substance  • 
and  the  fact  that  impeded  or  arrested  motion  shows  itself  in  the  form  of  heat  is  one 
of  the  elementary  truths  of  physics.  If  an  electric  current  is  passing  easily  through 
a  wire  of  given  sectional  area,  and  if  we  interrupt  its  progress  by  introducincr 
into  the  circuit  a  piece  of  wire  of  much  smaller  sectional  area,  the  latter  instantly 
becomes  heated  in  a  degree  corresponding  to  the  impediment  wl^ch  it  offers 
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to  the  current.  In  the  application  of  the  heat  thus  obtained  to  practical  purposes 
It  IS  usual  to  have  the  thin  wire  of  platinum,  on  account  of  the  resistance  which  it 
offers  to  fusion ;  thm  wires  of  any  metal  of  ordinary  fusibility  being  liable  to  be 
rapidly  melted,  with  consequent  destruction  of  the  electric  circuit  The  dowin<r 
platinum  wire  has  long  been  employed  for  many  purposes,  in  surgery  as  a  cautery" 
and  m  public  buildings  as  a  means  of  Ughting  gas  jets  which  are  not  conveniently 
accessible  in  the  ordinary  way. 

When  an  electric  current  of  sufficient  power  passes  through  a  circuit  which  is 
partly  made  up  of  two  rods  of  carbon,  the  extremities  of  which  are  in  contact  and 
when  these  extremities,  during  the  passage  of  the  current,  are  drawn  somewhat 
asunder,  the  current  will  leap  across  the  intervening  space,  so  long  as  this  is  not  too 
considerable.  The  space  in  question  will  then  be  occupied  by  atmospheric  air  and 
other  gaseous  matter,  containing  a  quantity  of  carbon  in  exceedingly  minute  division ; 
and  the  resistance  thus  offered  to  the  passage  of  the  current  produces  sufficient  heat 
to  raise  the  carbon  and  other  particles  to  a  state  of  brilliant  incandescence.  The 
luminous  track  thus  formed  is  called  the  electric  arc,  and  is  the  source  of  light  in 
several  well-known  forms  of  electric  lamp.  It  is  subject  to  the  disadvantag°e  that 
the  resistance  of  the  gaseous  matter  to  the  current  is  not  constant,  but  varying  per- 
petually ;  and,  as  the  degree  of  luminosity  varies  inversely  as  the  resistanc°e,  the 
light  appears  to  flicker  from  one  moment  to  the  next.  Moreover,  the  carbon  rods 
being  consumed  by  the  disruption  of  their  terminal  portions,  the  interval  between 
them  constantly  increases.  After  it  has  passed  a  certain  limit,  the  light  wanes  ;. 
and,  if  this  limit  were  much  exceeded,  the  current  would  no  longer  bo  able  to  cross 
the  interval,  the  circuit  would  be  broken,  and  the  light  would  go  out.  It  is  there- 
fore necessary  to  provide,  by  clockwork  or  other  means,  for  the  regular  approxima- 
tion of  the  rods  as  fast  as  they  are  consumed ;  and  the  practical  effect  of  this 
necessity  is  that,  beyond  the  constant  liability  to  flicker,  the  light  wanes  a  little 
from  its  brightest  as  the  rods  are  consumed,  and  at  short  intervals  of  time  suddenly 
brightens  up  as  they  are  once  more  pushed  together. 

On  account  of  the  inconveniences  hence  arising,  and  also  on  account  of  the 
overwhelming  brilliancy  of  the  light  being  such  as  to  render  it  unsuitable  for 
ordinary  rooms  and  other  limited  areas,  it  has  long  been  an  object  of  desire  to  find 
some  solid  substance,  which  could  be  rendered  incandescent,  as  a  substitute  for  the 
g.iseous  incandescence  of  the  electric  arc.    The  chief  difficulty  was  the  liability  to 
fusion  of  almost  all  the  materials  which  were  at  first  employed  for  the  purpose,  and 
among  which  platinum  and  iridium  were  the  most  important.    After  a  time  it 
was  suggested,  I  think  by  Mr.  Edison,  that  a  slender  rod  of  solid  carbon,  supported 
in  a  vacuum,  might  be  used  as  the  incandescent  material ;  and  he  employed  for  this 
purpose  a  small  horse-shoe  shaped  piece  of  charred  cardboard,  inclosed  within  a  glass 
globe  exhausted  of  air,  with  such  results  as  to  lead  to  a  grave  announcement  that 
the  difficulties  of  electric  lighting  for  domestic  uses  had  been  overcome.    As  it 
turned  out,  this  announcement  was  at  least  premature ;  but  several  other  experi- 
menters have  since  been  working  in  the  same  direction,  and  with  the  general 
result  that  slender  loops  of  carbon,  rendered  incandescent  in  vacuo,  or  in  sealed 
globes  containing  some  gas  which  is  not  a  supporter  of  combustion,  are  expected  to 
furnish,  at  least  for  domestic  purposes,  the  electric  light  of  the  immediate  future. 
To  this  sulyect  it  will  be  necessary  to  return  hereafter,  the  object  in  this  j)lace  being 
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merely  to  explain  the  principles  on  which  the  various  forms  of  artificial  light 

depend.  .•  -j. 

Putting  aside  electricity  for  the  moment,  and  speaking  of  actual  practice,  it  may 
be  said  that  all  the  other  forms  of  artificial  light  in  use  are  produced  by  the  com- 
bustion of  some  compound  of  hydrogen  and  carbon,  previously  volatilised  or  brought 
into  the  gaseous  condition.  In  burning  what  is  commonly  called  gas,  this  is  the  natural 
physical  condition  of  the  fuel;  in  burning  oil  or  fat  the  volatilisation  is  effected  in 
the  immediate  vicinity  of  the  flame,  by  the  heat  given  out  by  the  combustion  of  the 
particles  last  consumed.  Combustion  is  a  chemical  change,  which  consists  essentially 
of  the  decomposition  of  the  burning  hydro-carbon  into  its  two  elements,  both  of 
which  unite  with  the  oxygen  of  the  atmosphere,  the  hydrogen  immediately  to  form 
water,  the  carbon  ultimately  to  form  carbonic  acid.  When  the  hydro-carbon  is 
impure,  as,  for  example,  when  gas  or  oil  contains  sulphur,  any  impurities  present 
will  also,  as  a  rule,  be  more  or  less  completely  oxidised,  and  will  produce  chemical 
compounds  according  to  their  several  natures  and  properties. 

The  carbon  which  is  found  in  the  inorganic  kingdom,  vrhether  in  a  pure  form,  as 
graphite,  in  solid  combinations,  as  coal,  or  in  liquid  combinations,  such  as  petroleum 
and  other  so-called  mineral  oils,  has  all  been  originally  withdrawn  from  the  atmos- 
phere by  vegetable  growth,  under  the  stimulus  of  solar  light ;  and  the  hydro-carbons 
of  the  animal  kingdom,  such  as  the  various  forms  of  fat,  have  derived  their  carbon 
from  the  employment  of  vegetable  matter  as  an  alimentary  material ;  so  that,  in 
point  of  fact,  all  the  forms  of  combustion  by  which  we  ordinarily  produce  light  and 
heat  are  nothing  but  reversals,  on  a  small  scale,  of  the  solar  action  of  former  periods, 
and  all  artificial  light  is  derived,  at  least  indirectly,  from  the  sun.  The  cheerful 
glow  and  the  genial  warmth  of  our  coal  fires  are  but  the  re-appearance,  in  those 
forms,  of  the  solar  force  which  caused  the  growth  of  a  primeval  forest,  and  which 
has  since  been  engaged,  until  liberated  by  human  agency,  in  binding  together  the 
elements  of  which  the  coal  was  composed. 

Still  excepting  the  electric  light,  nearly  all  the  other  forms  have  this  common 
charactei'istic,  derived  from  the  imperfect  incandescence  of  the  carbon  furnished  by 
their  several  fuels,  that  they  are  poor  in  blue.  The  heat  furnished  by  the  hydrogen 
flame,  as  ordinarily  produced,  is  not  sufficient  to  raise  the  carbon  particles  to  a 
temperature  at  which  they  will  yield  the  solar  proportion  of  violet  rays.  If  we 
throw  the  spectrum  of  any  artificial  light  upon  a  screen,  and  compare  it  with 
the  solar  spectrum,  we  shall  find  that  the  former  presents  a  fair  approach  to  the 
latter  at  the  red  end,  but  that  it  is  cut  off  prematurely  at  the  violet  end ;  the 
differences  between  different  kinds  of  flame  in  the  amount  of  their  violet  being 
considerable,  but,  even  in  the  best  of  them,  the  deficiency  being  very  marked.  The 
necessary  consequence  of  this  poverty  in  violet  is  that  ordinary  artificial  light  is 
of  a  reddish,  yellow,  or  orange  colour  when  compared  with  sunlight ;  and  that 
hence  it  disguises,  more  or  less,  the  natural  colours  of  all  the  objects  which  it 
displays.  It  does  this  in  two  ways  :  first,  by  not  supplying  light  enough  for  those 
surfaces  which  absorb  red  and  green  and  reflect  violet ;  secondly,  by  showing  all 
colours  against  an  environment  of  yellow  instead  of  an  environment  of  white.  By 
candle  or  lamp-light,  for  example,  yellow  in  delicate  shades  can  scarcely  be  dis- 
tinguished from  adjacent  white ;  but  this  is  chiefly  because  the  white  itself  is  made 
to  appear  yeUow  by  the  composition  of  the  light  which  falls  upon  it,  so  that 
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effect  of  contrast  is  produced.    The  eye  is  really  comparing  yellow  with  yellow  and 
tailing  to  tell  them  apart.    It  is  not,  in  truth,  comparing  yellow  with  white  at  aU 
No  surface  can  look  truly  white  unless  white  light  falls  upon  it,  because  no 
other  will  allow  aU  the  elements  the  spectrum  to  be  reflected  in  the  proper 
proportions.  ,  '■  '■ 

Another  characteristic  of  artificial  light,  still  excepting  the  electric,  is  its  feeble 
iUuminatmg  power  when  compared  with  even  weak  diffused  daylight.  If  we  take 
a  powerful  or  even  brilliant  flame,  and  place  it  upon  a  table  in  the  middle  of  a 
moderate-sized  room,  we  shall  find  it  difficult  or  impossible  to  read  fine  print  in  the 
more  remote  portions ;  although  this  can  be  done  in  any  part  of  the  room  even  on 
a  dull  or  cloudy  day.  The  reason  of  this  seems  to  be  partly  the  lack  of  definin^r 
power  which  is  consequent  upon  falseness  of  colour,  partly  an  absolute  inadequacy 
of  all  the  elements  of  the  spectrum. 

A  third  characteristic  of  artificial  light,  stiU  excepting  the  electric,  is  furnished 
by  its  heating  and  drying  properties.  The  light  of  the  sun,  originally  rich  in  heat 
rays,  scarcely  ever  comes  direct  to  the  eye  from  its  source.  We  receive  it  only  after 
innumerable  reflections  from  atmospheric  particles,  from  watery  vapour,  from 
masses  of  cloud,  from  trees,  from  buildings,  from  the  surface  of  the  ground,  from 
vegetation  generally,  from  all  the  animate  and  inanimate  objects  around  us.  At  each 
reflection  it  parts  with  a  portion  of  its  heat ;  and  diffused  daylight,  as  it  reaches 
our  eyes,  can  scarcely  be  said  to  have  any  manifest  heating  qualities  left.  Even 
when,  it  is  sufficient  to  dazzle  by  its  brightness,  it  does  not  occasion  the  sensations 
of  dryness  and  scorching  with  which  those  who  work  by  badly-arranged  artificial 
light  are  only  too  familiar. 

With  artificial  light,  on  the  other  hand,  there  is  no  distance  to  travel,  and  there 
are  not  any,  or  there  are  scarcely  any,  intermediate  reflections.  Where  defining 
power  is  required,  the  source  of  light  must  be  near  to  the  eyes  and  to  the  objects 
of  vision,  and  it  must  often  fall  upon  the  former  after  reflection  only  from  the 
latter.  Even  if  we  may  assume  that  it  is  originally  as  comparatively  poor  in  heat 
rays  as  in  illumination,  still  it  loses  nothing ;  and  falls  upon  the  surface  of  the 
eye,  or  enters  its  interior,  in  almost  precisely  the  state  in  which  it  proceeded  from 
its  immediate  source.  There  is  reason  to  believe  that  the  excess  of  heat  present 
with  artificial  light  may  in  some  circumstances  be  injurious  to  the  retina,  and  it  is 
nearly  always  a  source  of  irritation  to  the  eye-surfaces.  The  source  of  light  is  a 
little  stove,  which  rapidly  dries  the  air  surrounding  it,  and  this  air,  so  dried,  wUl 
feed  itself  with  moisture  from  every  available  source.  Such  a  source  is  often 
furnished  by  the  moisture  of  the  secretions  which  lubricate  the  eye-surfaces,  and 
the  drying-up  of  this  moisture  leads  to  an  increased  formation,  to  an  influx  of 
blood,  and  to  a  generally  irritable  state  of  the  membrane  which  covers  the  front  of 
the  eyeball  and  lines  the  lids. 

A  final  characteristic  of  artificial  light,  from  which  the  electric  cannot  be 
excluded,  is  that  it  comes  to  us  from  some  single  definite  local  source  or  direction, 
instead  of  being  diffused  universally.  The  solar  light  is  everywhere — it  envelops 
and  surrounds  us.  The  light  of  a  lamp  or  candle  comes  from  the  spot  where  the 
lamp  or  candle  stands,  and  diminishes  in  intensity  as  the  square  of  our  distance 
fi-ora  that  spot.  Hence,  if  there  be  a  preferable  position  for  artificial  light,  in 
relation  to  the  eyes — as  for  all  working  purposes  we  shall  hereafter  see  tliat  there 
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is  this  position,  in  a  roomful  of  people,  must  be  monopolised  by  one,  or  at  best  by 

a  few,  of  them,  and  the  light  must  be  in  its  worst  position  with  reference  to  others. 
Moreover,  the  artificial  light  is  generally  more  or  less  flickering  and  unsteady, 
varying  in  intensity  from  minute  to  minute,  and  subjecting  the  eyes  to  constant 
changes  of  the  illumination  under  which  they  are  compelled  to  work.  All  these 
conditions  of  its  application  call  for  separate  study  on  the  part  of  those  who  are 
required  to  employ  it  continuously. 

The  electric  light,  on  the  contrary,  as  will  have  been  gathered  from  the  short 
account  already  given  of  the  manner  in  which  it  is  produced,  stands  in  many 
respects  alone.  It  contains  an  abundance  of  violet,  as  well  as  of  the  other  colours 
of  the  spectrum,  so  that,  in  good  examples,  it  differs  very  little  from  sunlight  in  its 
illuminating  and  defining  power.  Although  given  off  by  matter  in  a  high  state  of 
incandescence,  the  amount  of  this  matter  is  small,  and  hence  the  heat  which 
attends  it  is  miich  less  than  that  of  the  common  hydrogen  flames  in  which  carbon 
is  consumed.  When  the  electric  arc  is  employed,  carbon  is  dissipated  and  oxidised 
at  the  expense  of  the  oxygen  of  the  atmosphere,  which  to  this  extent  is  vitiated  ; 
but  even  then  the  degree  of  this  vitiation  is  insignificant  when  compared  with  the 
amount  of  light  produced,  and  there  are  no  other  noxious  products  of  the  flame. 
If  the  light  is  furnished  by  some  solid  incandescent  material,  more  especially  when 
this  is  carbon  enclosed  within  a  sealed  receptacle,  there  is  no  vitiation  of  the 
atmosphere  at  alL 
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CHAPTER  XL. 

THE   ELECTRIC  LIGHT. 


Electric  Lamps-Unsettled  Lition  of^^^^^^^^^^  ^  "  Installation  "-V^u, 

ot;:iltt^^^^^^^^^^^  ^^--ages  of  tHe  elecMoHgHt 

the  light  is  alrno    p  J  i^^^^^^^  ^«  above  stated, 

e.es  tLttt'c^rtLa^d^S^^^^^^^^^^^  ^«  ^  -a/the 

po.t.on  of  its  pure  light  vibrations,  and  is  thus  soittat Xed  L  cobur  '^l 

Van  der  Weyde,  m  Regent  Street,  where  the  electric  arc  is  appHed  to  the  uses  of 
t  e  photographer,  and  where  the  sitter  is  placed  in  a  flood  of  Hght  of  sucrbrniTly 
and  actxmc  power  as  to  produce  a  photograph  after  only  ten  seconds'  exposure  3 
yet  without  the  slightest  dazzling  being  produced,  so  that  even  nerv  us ^'"0":  "el 
no  xnchnation  to  close  their  eyeHds  or  otherwise  to  niake  grimaces  for  th  Zpos 

is  ~ 'trT:."^^^^^^^  '^'^^  Photogi^phed  in  this  Tnn^, 

IS  as  easy  to  read  the  smallest  print,  or  to  discern  the  smallest  object  as  it 

r  Yan' d'   W    7  ?        neighbourhood  of  a  good  window  in  broad  aySgh 
^rJ  l  ,       .7     P^"''  ^  «f  -  P--boKc  reflector,  and 

of  the  leflector  is  white,  very  slightly  tinted  with  ultramarine  blue,  and  the  parallel 
beam  which  proceeds  from  this  surface  is  made  to  pass  through  a  Fresnel's  lens,  of 
just  sufficient  convexity  to  efilxce  the  shadow  of  the  disc  by  the  convergence  which 
It  produces.     A  method  sometimes  employed  for  the  illumination  of  a  lar^^e 
room  has  been  to  place  the  electric  arc  near  the  ceiling,  with  a  horizontal  opaque 
screen,  of  appropriate  size,  extended  beneath  it,  and  forming  a  sort  of  under-ceilin<. 
This  screen  would  have  a  white  upper  surface,  which  would  receive  the  electric 
light,  and  reflect  it  up  to  the  true  ceiling,  from  whence  it  would  be  reflected  a-ain 
to  the  upper  portions  of  the  walls,  and  would  only  reach  the  eyes  of  the  occupants 
ot  the  room  after  being  diflTused  abroad,  somewhat  as  sunlight  is  diff-used  by  the 
multiple  reflections  of  nature.  •  All  arrangements  of  this  kind,  however,  will  be 
rendered  unnecessary  whenever  good  lamps  of  sufficiently  small  size  and  power  can 
be  brought  into  practical  operation. 
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Besides  its  advantages  as  an  illmninant,  the  chemical  and  sanitary  advantages  of 
*he  ele  rTc    ght  are  scarcely  less  conspicuous.     It  wHl  afford  absolute  freedom 
t  e  impurities  contained  in  ordinary  gases  and  oils,  and  from  the  many 

nolus  vapours  and  foul  smells  which  they  so  often  evolve.  Its  -nts  ..^b^ 
summed  up  by  saying  that  it  is  the  best  known  iUumxnant,  that  xt  gives  but  httle 
heat  and  that  it  may  be  so  arranged  as  to  consume  no  oxygen,  and  to  yield  abso- 
lutely nothing  that  is  noxious  or  destructive  to  either  organic  or  inorganic  substances^ 
Not  only  the  human  lungs  are  unharmed  by  it,  but  also  the  books,  pictures,  and 
furniture,  which  often  sustain  such  serious  injury  from  the  indirect  effect^  of  other 

methods  of  lighting.  ,       j_  • 

There  is  one  point,  however,  with  regard  to  the  electric  Hght,  for  the  determina- 
tion of   which  experience  of   somewhat   long  duration,  and   embracing  many 
individuals,  seems  to  be  required.    It  resembles  solar  Hght,  and  differs  from  artificial 
light  of  all  other  kinds,  in  being  rich  not  only  in  violet  rays,  but  also  in  the  ultra- 
vfolet  rays,  beyond  the  visible  limits  of  the  blue  end  of  the  spectrum,  by  which 
chemical  aid  vital  activity  are  so  conspicuously  promoted.    Dr.  Siemens  has  recently 
found  that  plants  will  grow  and  thrive,  and  bear  flowers  and  ripen  fruit,  as  rapidly 
under  electric  light  as  under  sunshine  ;  and,  indeed,  that  they  may  be  made  to  grow 
and  to  continue  other  vital  processes  uninterruptedly  and  continuously,  and  without 
theii'  usual  nightly  rest,  if  they  are  exposed  to  the  electric  light  as  soon  as  daylight 
is  withdrawn  from  them.    In  man  and  animals,  no  doubt,  the  stimulus  to  vital 
action  afforded  by  light  is  in  great  measure  due  to  the  violet  or  ultra-violet  rays, 
and  is  only  in  operation  during  the  period  of  sunshine,  ordinary  artificial  light  not 
affording  the  necessary  stimulus.     Assuming  this,  and  assuming  that  in  man  and 
animals,  as  in  plants,  the  electric  light  is  capable  of  replacing  sunlight  in  this  respect, 
we  have  yet  to  learn  whether  the  effects  of  prolonged  exposure  to  such  light  will  be 
hurtful  in  any,  and,  if  so,  in  what  circumstances.    In  our  northern  climate,  the 
natural  amount  of  exposure  to  the  ultra-violet  is  not  prolonged,  and  is  broken  by 
long  nightly  interruptions.    In  winter  especially,  and  certainly  among  the  educated 
classes,  most  people  are  exposed  to  artificial  light  for  as  long  a  period,  in  each 
twenty-four  hours,  as  they  are  to  sunlight ;  and  it  is  conceivable  that  the  doubling 
of  the  daily  period  of  sunlight  exposure  might  be  attended  by  a  corresponding 
increase  in  the  intensity  and  rapidity  of  chemical  change  in  the  body,  and  of  the 
vital  action  correlated  to  it.    In  other  words,  continued  exposure  to  so  potent  a 
chemical  agent  might  be  expected,  in  homely  phrase,  to  "  force  the  pace  "  of  living, 
and  thus  tend  to  the  premature  exhaustion  of  life.     As  far  as  I  am  aware,  no 
complaints  tending  in  this  direction  have  been  made  by  any  of  the  various  com- 
positors and  others  who  now  habitually  work  by.  electric  light ;  but  the  time  during 
which  it  has  been  in  practical-  operation  is  hardly  long  enough  for  any  satisfactory 
evidence  to  have  been  furnished  on  either  side  of  the  question.    We  must  be  content 
to  say  that  we  are  at  present  unacquainted  with  the  actual  effects  of  prolonged 
exposure  to  the  violet  and  ultra-violet  rays,  but  we  are  hardly  entitled  to  assume 
that  these  effects  will  be  imperceptible.    Unless  they  should  hereafter  be  found  to- 
be  decidedly  injurious,  there  can  be  very  little  doubt,  when  we  review  the  progress 
made  during  the  last  three  or  four  years,  that  the  electric  light  will  ultimately 
be  rendered  available  for  most  domestic  uses  ;  and,  whenever  this  time  comes, 
it  will  be  likely  to  supersede  other  illuminants  in  the  places  where  it  is  to  be- 
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Obtained.    As  a  matter  of  probability,  it  is  likely  always  to  be  expensive  in  it, 
apphcatiox.  to  smgle  small  buildings,  but  there  seems  no'^eason  why  Te  necessal 
orce  should  not  be  laid  on  from  central  stations  to  the  houses  of  a  str  eHr 
why    his  siiould  n^ot  be  accomplished  at  a  moderate  cost.     Perhaps  the  best 

fid  Is  tT^f''*'^  rrr^  -^^^^-^  conditions  can  be 

f  ulhlled,  was  that  furnished  by  the  reduced  price  of  gas  shares  at  the  time  when  it  was 

announced  that  an  invention  of  Mr.  Edison's  would  fulfil  the  necessary  condition! 

The  owners  of  gas  property  perceived  at  once  that,  in  the  presence  of  a  reaUy  wort 

.ble  electric  light,  gas  would  fall  into  comparative  disuse  as  an  illuminating  agent  • 

and  they  were  so  strongly  impressed  with  this  beHef  that  they  were  forgetf^  of  the 

many  other  uses  to  which  gas  ca^  profitably  be  applied;  not  the  least  of  them 

being  that  of  a  motor  for  the  production  of  electricity. 

^  T  ^^''^'■^^  principles  to  the  consideration  of  detaU,  we  shaU 

find  that  the  employment  of  the  electric  light  involves  two  widely  different  ques- 
tions, namely,  the  supply  of  the  electricity  itself,  and  the  lamps  from  which  the 
light  is  to  be  obtained. 

Electricity,  as  is  generally  known,  is  one  of  the  most  widely  diffused  of  the  forms 
of  force,  and  is  so  correlated  with  motion,  light,  heat,  chemical  affinity,  and  magne- 
tism, that  any  of  these  may  be  converted  into  it  by  proper  appliances.   It  was  first 
obtained  in  a  demonstrable  form  by  means  of  friction,  or  arrested  motion;  and  after- 
wards, very  largely,  by  means  of  batteries,  in  which  certain  chemical  changes  ^vith 
which  Its  development  is  associated  were  cariied  on.  Such  batteries,  however,  present 
several  inconveniences,  even  in  their  most  approved  forms  ;  and  the  electricity  of  the 
present  day,  for  many  of  its  larger  uses,  is  mostly  derived  from  the  so-called  dynamo 
machine,  which  consist  essentially  of  a  revolving  spindle,  carrying  coils  of  insulated 
wire,  so  wound  upon  it  that  they  can  be  caused  to  move  Avith  great  velocity  through 
the  lines  of  force  of  a  powerful  magnetic  field.  The  mechanical  arrangements  for  the 
production  of  this  general  effect  have  been  numerous;  but  a  French  workman,  named 
Oramme,  devised  the  particular  machine  which  is  called  after  his  name,  and  which 
was  the  first  to  yield  an  abundant  and  powerful  current  of  electricity  at  small  ex- 
pense. The  Siemens  machine,  the  Burgin  machine,  and  the  Brush  machine,  all  differ 
from  that  of  Gramme  in  points  of  detail,  but  not  in  principle;  and  it  would  be  foreign 
to  the  purpose  of  this  treatise  to  enter  into  the  several  peculiarities  of  their  construc- 
tion. We  may  say,  for  general  purposes,  that  they  all  supply  efficient  electric  currents; 
and  these  currents  are  to  be  considered  in  reference  to  two  points,  quantity,  and 
tension  or  pressure.    The  former  speaks  for  itself;  the  latter  refers  to  the  degree  of 
force  by  which  the  current  is  driven  forth  from  the  machine  which  furnishes  it. 

Comparing  electricity  with  gas  or  water,  which  flow  through  tubes,  it  differs  from 
them  in  requiring  some  material  substratum  in  which  to  move ;  and,  just  as  certain 
substances  will  permit  the  passage  of  light,  while  others  arrest  it,  so  some  substances 
are  good  and  others  are  bad  "  conductors  "  of  electricity,  and  some  are  absolute  non- 
conductors. For  its  conveyance,  therefore,  instead  of  a  pipe,  we  require  a  solid  "con- 
ductor;" and  this  should  be  composed  of  a  material  which  conducts  freely,  or  which, 
in  other  words,  opposes  but  small  resistance  to  the  passage  of  the  current.  Copper 
and  metals  are  such  materials,  and  copper  wire  is  the  conductor  most  commonly 
■employed ;  but,  when  a  small  current  has  to  be  conveyed  through  wire  of  compara- 
tively small  diameter,  platinum  is  used  instead. 
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However  good  the  conductor,  it  opposes  some  resistance ;  and  hence  there  is  a 
limit  to  the  quantity  of  the  current  which  it  can  convey.  If  the  quantity  supplied  is 
too  great,  its  motion  in  the  conductor  is  impeded,  and  the  latter  becomes  heated. 
When  conductors  are  in  contact  with  other  conducting  substances,  as  with  the  earth, 
they  would  lose  their  electricity;  and  hence  it  is  necessary  that  they  should  be  "  in- 
sulated," or  enveloped  in  some  non-conducting  material  as  a  protective  covering.  The 
greater  the  pressure  of  the  electricity,  the  greater  will  be  the  tendency  to  leakage  ; 
and  the  more  complete,  therefore,  must  be  the  insulating  covering. 

The  materials  most  commonly  employed  as  insulators  are  the  gums^  such  as  gutta- 
percha and  india-rubber,  either  singly  or  in  combination. 

If  the  electric  "installation,"  to  use  the  accepted  word,  of  any  establishment  be 
complete  within  itself,  it  wiU  include  a  dynamo  machine  in  some  convenient  situa- 
tion, and  conductors  proceeding  from  this  to  the  several  burners.  Where  the  estab- 
lisliment  contains  a  steam-engine  for  other  purposes,  this  will  probably  be  used  to 
drive  the  electric  machiae.  In  country  houses,  water-power  may  frequently  be  util- 
ised for  the  same  purpose.  In  other  circumstances,  a  gas-engine  may  prove  to  be  the 
most  economical  motor;  but,  at  present,  the  expense  of  any  separate  installation, 
unless  in  cases  where  an  otherwise  absolutely  wasted  steam-power  could  be  applied, 
would  be  much  in  excess  of  the  cost  of  gas.  Electric  light  so  produced  can  only  be 
regarded  as  an  expensive  luxury,  adapted  for  wealthy  people  who  choose  to  pay  a 
certain  price ;  but  its  economical  use  cannot  be  realised  until  the  necessary  motor 
power  is  supplied  by  central  machines  of  great  magnitude,  supplying  the  wants  of  a 
considerable  population.  Several  of  the  witnesses  recently  examined  before  the  Selecb 
Committee  ol  the  House  of  Commons  spoke  of  a  population  of  50,000  as  being  the 
smallest  to  which  a  system  of  electric  lighting  could  be  applied  as  a  fair  trial  of  its 
costliness  or  economy  as  compared  with  other  illuminants ;  and  all  agreed  that,  al- 
though the  success  of  electric  lighting  was  beyond  doubt  as  a  laboratory  experiment, 
it  must  be  attempted  on  some  such  scale  as  the  above  before  many  doubts  with  regard 
to  it  can  be  finally  decided.  A  perfect  installation  would  require  to  be  supplied  with 
electricity  by  a  number  of  steam-driven  machines,  the  total  of  them  being  rather  in 
excess  of  the  actual  requirements,  so  that  the  temporary  failure  of  any  one  machine 
might  not  condemn  any  part  of  the  district  to  a  corresponding  period  of  darkness. 
The  conductors,  in  such  a  case,  would  start  from  the  machines  as  solid  rods  of  copper, 
and  would  be  continually  reduced  in  bulk  by  throwing  off  branches  like  those  of  a 
tree ;  the  ultimate  ramifications  of  which  would  be  led  into  the  individual  houses  to 
be  supplied. 

By  the  recent  Act  of  Parliament,  the  strict  functions  of  the  light  companies  will 
be  limited  to  this  supply  of  electricity;  and  each  householder  will  be  at  liberty  to  use 
any  burners  that  he  pleases,  subject  only  to.  the  condition  that  they  must  not  be  of  a 
kind  to  interfere  with  the  due  supply  of  electricity  to  others.  The  conductors  leading 
into  individual  houses  will  be  furnished  with  meters,  to  declare  the  amount  of  elec- 
tricity which  has  been  consumed ;  and  these  meters,  which  are  still  somewhat  in 
their  infancy,  are  based  upon  a  determination  of  the  amount  of  chemical  change 
effected  by  the  current.  Moreover,  for  the  security  of  the  householder,  a  short  length 
of  lead  will  be  introduced  into  the  main  conductor  entering  the  house,  this  lead  having 
a  carrying  capacity  sufiicient  for  the  largest  current  which  the  lights  in  that  house 
can  require.    If,  by  any  mischance,  the  amount  of  electricity  supplied  should  be  io. 
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excess  of  the  requii-ement,  so  as  to  produce  risk  of  accident  from  heating  of  the 
ductor,  the  piece  of  lead  would  be  fused  and  fall,  thus  interrupting  the  circuit  Ind 
cutting  off  the  supply.  It  is  probable  enough,  while  the  art  of  lighting  up  large  dis- 
tricts is  still  rudimentary,  that  many  of  such  fusions  may  occur;  and  hence  it  will 
be  the  part  of  prudent  persons,  untH  a  system  of  electric  lighting  has  been  thoroughly 
tested  by  experience,  not  to  leave  themselves  entirely  dependent  upon  its  success. 
Gas  or  lamps  should  be  kept  in  reserve,  and  should  be  available  against  any  accidents 
that  may  occui*. 

Such  being  the  state  of  things  as  regards  the  current,  we  come  next  to  the  lamps  ; 
and,  in  this  place,  the  arc  lights  may  be  briefly  dismissed,  as  generally  unsuitable  for 
domestic  purposes.  For  large  open  spaces,  streets,  railway  stations,  and  the  like, 
they  answer  admirably,  but  not  for  ordinary  domestic  interiors.  They  may  be  em- 
ployed in  large  workrooms ;  and,  as  far  as  I  can  ascertain,  the  "  Rapieff "  lamp  seems 
the  best  for  this  purpose.  It  is  subject  to  the  disadvantage  that  its  carbons  are  not 
kept  together  by  any  self-acting  contrivance,  but  require  to  be  adjusted  by  hand 
about  once  in  half  an  hour  ;  but  its  light  is  of  good  quality,  and,  what  is  still  more 
important,  is  singularly  uniform  and  steady. 

The  only  other  kind  of  arc  requiring  to  be  noticed  for  interiors  is  the  newly- 
introduced  "Sun"  lamp,  for  the  supply  of  which  a  company  has  lately  been 
launched  with  some  parade.    It  consists  of  a  small  block  of  sandstone,  through 
which  are  cut  tAvo  channels,  semicircular  in  outline,  their  flat  sides  turned  towards 
each  other,  and  inclining  towards  each  other  from  above  downwards,  so  that 
they  are  nearer  together  below  than  above.    At  the  bottom  of  the  sandstone  block 
placed  a  slab  of  white  is  marble,  flat  above,  where  it  is  in  contact  with  the  sand- 
stone, and  in  which  a  central  cup,  about  an  inch  in  diameter,  is  scooped  out  below. 
Two  perforations  in  the  marble,  large  enough  to  permit  the  passage  of  a  piece 
of  stout  wire,  connect  the  interior  of  the  cup  with  the  channels  in  the  sandstone 
above.    These  channels  are  occupied  by  two  rods  of  carbon,  semi-cylindrical  in 
shape,  which  move  freely  in  them,  so  that  they  would  fall  through  if  the  channels 
were  not  closed  at  the  bottom  by  the  piece  of  marble.    The  several  parts  of  the 
apparatus  are  held  together  by  a  metal  framework,  and,  in  order  to  prepare  the 
lamp  for  lighting,  the  carbons  are  united  by  a  piece  of  wire  which  crosses  the  cup 
and  passes  through  the  perforations.    The  other  ends  of  the  carbons  are  connected 
to  the  conductors.    When  the  current  passes,  the  wire,  which  is  too  small  to 
■carry  it,  speedily  becomes  heated,  fuses,  and  falls,  and  the  gap  thus  established  is 
crossed  by  the  electric  arc,  the  current  passing  through  the  perforations  in  the  marble, 
and  across  the  inside  of  the  cup.  As  the  carbons  are  wasted,  they  sink  in  their  chan- 
nels by  the  action  of  gravity,  and  require  no  interference  until  orLe  of  them  is  con- 
sumed.  The  arc  not  only  affords  light  itself,  but  it  soon  raises  the  marble  to  a  white 
heat  and  renders  it  luminous ;  so  that  the  effect  is  something  like  that  of  the  Drum- 
mond  light,  and  a  profuse  flood  of  illumination  is  cast  down  below.    The  disadvan- 
tages of  the  lamp  are  that  it  gives  out  much  heat,  and  that  the  light,  issuing  mainly 
from  within  the  cup,  descends  in  a  beam  of  conical  shape,  which  extends  only  over  a 
circle  the  size  of  the  base  of  the  cone.    The  higher  the  lamp  the  larger  will  be  the 
circle  of  illumination ;  and,  as  the  whole  contrivance  is  small  and  light,  it  can  be  run 
over  a  pulley  nearly  to  the  ceiling,  and  lowered  to  be  prepared  for  re-lighting.  Still, 
*.here  are  few  rooms  sufficiently  high  to  render  the  luminous  circle  nearly  co-extensive 
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with  their  floor  space ;  and  the  contrast  between  the  parts  within  this  circle  and  the 
parts  external  to  it  is  such  as  to  render  the  latter  unpleasantly  dark  by  comparison. 
In  an  atmosphere  containing  oxygen,  the  marble  is,  of  course,  consumed  and  driven 
away ;  and  the  block  has  to  be  replaced  daily,  or  at  short  intervals,  according  to  the 
number  of  hours  during  which  the  lamp  is  burning. 

For  domestic  uses,  however,  the  contrivances  most  generally  applicable  are 
the  various  incandescent  lamps,  containing  carbon  filaments  in  sealed  globes ;  and  it 
might  be  thought,  by  any  who  saw  one  of  these  in  successful  operation,  that  the 
problem  of  electric  house-lighting  had  been   entirely  solved,  and  that  nothing 
remained  but  to  apply  the  solution  in  practice.    Such  an  impression  would  be 
erroneous,  for  it  is  doubtful  whether  any  of  the  incandescent  lamps  now  in 
-existence  will  satisfy  the  requirements  of  consumers,  or  will  hold  their  ground 
as  permanent  contrivances.     When  a  carbon  filament  is  heated  to  whiteness 
by  its  resistance  to  an  electric  current,  it  is,  if  in  an  atmosphere  containing 
oxygen,  immediately  converted  into  carbonic  acid  and  carbonic  oxide,  and  so 
destroyed;  and  it  was  hoped  that  by  heating  it  in  a  vacuum  it  would  remain 
unchanged,  so  that  it  would  convey  the  current,  and  display  the  light,  for  a 
long  period  of  time.    This  expectation  has  not  been  fulfilled ;  partly,  it  is  supposed, 
on  account  of  the  impossibility  of  obtaining  a  carbon  filament  of  a  perfectly 
homogeneous  character.     When  one  portion  of  the  carbon  difiers  in  density, 
■or  in  the  arrangement  of  its  particles,  from  another  portion,  the  tendency  of 
the  current  is  to  shake  asunder  the  constituent  molecules,  so  that  the  filament 
becomes  disintegrated  and  broken.     Most  makers  profess  that  the  natural  life 
of^  an  incandescent  lamp  should  extend  to  a  thousand  hours;  but  many  lamps 
faU  within  one  hour,  and  in  many  others,  if  they  are  examined  after  a  short 
period  of  use,  the  globe  wiU  be  found  lined  with  a  delicate  film  of  carbon  particles, 
showmg  that  a  process  of  disintegration  is  going  on.    Some  makers  fill  their  globes 
with  a  gas  that  is  not  a  supporter  of  combustion,  and  nitrogen  has  been  used  for 
this  purpose,  but  the  experiments  with  it  have  not  been  altogether  successful,  and 
It  is  said  that  the  carbon  is  broken  up  by  the  gas  itself,  being  p'elted  to  pieces  by  the 
impact  of  Its  molecules.    Other  gases  have  been  used  in  the  same  manner,  some  it 
IS  said,  with  advantage;  and  the  Swan  lamps  are  filled  with  a  gas  the  nature  of 
which  IS  not  made  known     In  this  and  in  many  other  detaHs  manufacturers  are 
naturally  reticent  about  points  of  construction  from  which  they  hope  to  derive 
advantages  over  their  competitors.  ' 

The  filaments  of  carbon  are  prepared  and  arranged  difi-erently  by  difierent 
makers,  and  with  regard  to  them  also  there  is  an  umviUingness  to  impart  complete 
^ormation^  Mr  Edison's  filament  was  originally,  and  probably  stiu'is,  a  sXof 
.Wed  card,  m  the  shape  of  an  elongated  horseshoe,  while  in  some  othe  lamps'^the 
fi  aments  appear  to  consist  of  charred  string.  In  the  preparation  of  either  llZl 
1  ts  Z:7e^''7i  '^'r.^  "^^^^^  carbonising,  there  are  no  doubt  1:5: 
rossess^^to  '       T  '^"^  '''''''         ^  their- 

■ae  effect  „£  ^  precaution,  however,  is  to  diminiat  the  Bght.  a.d  2o  to 
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its  quality.  Being  furnished  by  a  comparatively  feeble  incandescence-one  wbicbia 
red  rather  than  wh.te-it  is  deficient  in  the  violet  rays  which  it  is  a  special 
advan  age_  of  the  e  ectnc  light  to  supply.  As  may  be  seen  any  evening!  he 
light  furnished  by  the  Edison  lamps  on  the  Holborn  Viaduct  is  inferior  to  that 
of  the  Siemens  gas  lamps  in  the  adjoining  street;  while,  speaking  generally,  it 
may  be  said  that  the  light  given  by  incandescent  lamps  is  not  more  than  one- 
eighth,  or  at  most  one-seventh,  of  that  given  by  an  electric  arc  driven  by  the  same 
horse-power. 

The  general  appearance  of  an  incandescent  electric  lamp  is  now  very  famiUar 
It  consists  of  a  thin  globe  of  transparent  glass,  more  or  less  oval  in  shape,  about  as 
large  as  a  medium-sized  lemon,  and  with  a  stem  by  which  it  can  be  attached 
to  the  apparatus  by  which  it  is  supported.  Within  the  globe  there  is  a  filament  of 
carbon,  sometimes  flat,  sometimes  round,  varying  in  shape  in  the  lamps  of  different 
makers.  This  filament  is  connected  at  each  extremity  to  a  fine  wire  of  platinum 
wHch  passes  through  some  kind  of  insulating  material  in  the  stem,  is  imited  U> 
the  carbon  m  a  variety  of  ways,  and  constitutes  the  means  of  connecting  it  electric- 
ally with  the  copper  conductors  external  to  the  lamp.  In  many  situations,  as 
when  placed  at  some  height  in  large  rooms,  incandescent  lamps  may  be  left  exposed ; 
but  when  near  the  level  of  the  eyes  they  should  be  within  globes  of  opal  glass ;  and' 
when  placed  on  standards  for  table  use,  the  upper  portions  of  these  globes  shoild  be 
covered  by  opaque  screens,  to  cast  the  light  downwards,  and  to  cut  it  off  from 
direct  impact  upon  the  eyes. 

In  the  Edison  lamp,  the  carbon  filament  is  a  flat  band,  in  the  shape  of  an 
elongated  horse-shoe,  and  I  have  not  been  able  to  ascertain  the  nature  of  the  joint 
by  which  it  is  connected  to  the  platinum.  The  lamp  is  said  to  give  the  light  of 
sixteen  candles,  when  driven  by  a  current  which  it  can  bear  without  disruption. 

In  the  Lane-Fox  lamp  the  carbon  is  in  the  form  of  a  round  thread,  and  has  the 
shape  of  a  capital  IJ  turned  upside  down.  The  extremities  are  connected  with  the 
platinum  wires  by  a  joint  formed  by  Indian  ink  and  metallic  mercury. 

In  the  Swan  lamp  the  carbon  filament  is  round,  and  is  said  to  be  connected  with 
the  platinum  without  any  intermediation,  by  means  of  a  so-called  "weld."  The 
filament  describes  a  circle  at  its  summit,  as  if  it  had  been  caused  to  make  one  twist 
round  a  stem  half  an  inch  in  diameter.  The  platinum  wires  terminate  in  rings 
or  loops,  into  which  the  extremities  of  the  copper  conductors  are  hooked ;  and,  in 
order  to  keep  the  junction  taut,  so  as  to  maintain  metallic  contact,  the  globe 
is  supported  on  a  coiled  spring,  which  pushes  it  away  from  the  stem  from 
which  the  hooked  extremities  of  the  copper  wires  project.  This  coiled  spring  is 
sometimes  thro^vn  into  vibration  by  external  movements,  and  the  light  may 
in  that  case  be  interfered  with.  The  ordinary  illumination  is  about  sixteen 
candles. 

In  the  Maxim  lamp  the  carbon  is  longer  than  in  others,  and  is  bent  down  in  the 
middle,  so  that  it  resembles  a  capital  U  in  the  natural  position,  -with  each  arm 
of  the  letter  turned  again  down  on  the  outside  to  form  connection  with  the  platinum. 
This  is  done  by  a  tiny  rivet.  The  lamp  requires  twice  as  much  electricity 
as  those  already  mentioned,  and  gives  approximately  twice  the  light,  or  about 
thirty  candles. 

In  the  Nothomb  lamp  the  carbon  has  the  shape  of  an  inverted  U,  and  is  mor© 
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massive  than  in  those  already  mentioned.  It  is  united  to  the  platinum  by 
a  sort  of  splice,  secured  by  a  twist  of  fine  copper  wire.  This  lamp  is  of  Belgian 
invention,  and  is  said  to  be  twice  as  durable  as  others,  the  average  life  claimed  for 
it  being  two  thousand  hours.  I  am  not  aware  that  it  has  as  yet  been  sufficiently 
tested  in  this  country. 

From  the  point  of  view  of  the  consumer,  and  for  household  purposes,  it  may 
fairly  be  said  that  the  supply  of  electricity  is  a  matter  which  must  be  settled 
by  competition  between  different  systems,  so  that  the  least  costly  may  survive.  The 
light  will  not  be  available  for  general  purposes  until  the  electricity  can  be  supplied 
on  a  large  scale,  by  companies  or  public  authorities ;  for  the  cost  of  single  installations 
must  always  be  practically  prohibitive  in  any  but  very  large  establishments.  Those 
who  are  best  qualified  to  judge,  and  who  are  not  concerned  in  putting  the  matter  in 
a  rose-coloured  aspect,  admit  that  the  question  of  cost  cannot  yet  be  determined ; 
and,  while  they  hope  and  believe  that  the  eventual  supply  of  electricity  ^vill  be  at  a 
price  comparable  with  that  of  gas,  they  hesitate  to  commit  themselves  to  anything 
much  more  definite.     There  will  be  cHfficulties  about  insulation  and  leakage, 
but  these  will  not  affect  the  consumer  farther  than  by  increasing  the  general  cost  of 
the  supply.    Leakage  within  houses  is  not  to  be  feared;  for  the  quantity  and 
pressure  will  be  regulated  by  the  fusible  portion  of  the  conductor  to  each  house,  and 
no  danger  from  this  cause  ought  to  be  permitted  to  occur.    There  is  also  reason 
to  hope  that  a  domestic  supply  of  electricity  may  hereafter  be  maintained  by 
portable  accumulators,  capable  of  being  delivered  ready  charged  from  the  works,  and' 
replaced  when  they  are  exhausted,- but  this  expectation  has  not  yet  been  practically 
realised.    The  accumulators  now  made  consist  chiefly  of  lead ;  and,  although  they 
may  be  made  to  work  very  weU  for  many  purposes,  yet  their  great  weight  is 
prohibitory  of  their  general  economical  employment. 

_     Whenever  electricity  is  laid  on  to  our  houses,  and  it  may  be  conceded  that 
in  all  probability,  the  time  when  this  will  be  done  is  not  far  distant,  the  consumer 
will  find  many  lamps  offered  to  him  for  its  consumption.    From  what  has  been  said 
already,  it  is  plam  that  none  of  those  now  existing  can  be  regarded  as  entii-elv 
satisfactory ;  but  they  wHl  in  all  Hkelihood  be  improved  or  superseded  before 
the  time  for  any  large  demand  for  them  can  arrive.    At  present,  therefore 
many  elements  of  the  matter  are  still  in  an  experimental  stage;  and,  although 
the  electric  light  affords  many  advantages  when  one  can  get  it,  the  time  for 
Its  universal  application,  or  for  its  coming  into  serious  competition  with  oil  or  ^as 
IS  probably  more  distant  than  many  sanguine  projectors  have  led  the  pubHc'to 
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CHAPTER  XLI. 

GAS   AND  GAS-LIGHTING. 

Early  Introduction  of  Gas-lighting— Its  first  Defects— Mode  of  Measuring  Oas  and  other  Light— Unfair 
Procedui-e  of  the  Companies— Coke,  and  not  Gas,  their  Primary  Object— Evils  and  Inconveniences 
of  Gas — Leakages — Turning  off  the  Main  not  advisable. 

When  we  dismiss  electricity,  tlie  remaining  sources  of  artificial  light  are  gas, 
distilled  either  from  coal  or  from  oil,  together  with  the  mineral  oils  which  may 
almost  be  described  as  natural  gas  in  a  fluid  form,  and  the  other  solid  and  liquid 
fats  which  are  employed  either  to  make  candles,  or  to  be  burnt  in  lamps.  Besides 
the  difference  in  form  between  gas  and  other  fuels,  which  allows  gas  to  be  driven 
into  the  burners  by  pressure  alone,  independently  of  the  capillary  attraction  of  a 
wick,  the  two  series  of  illuminants  differ  also  in  this,  that  gas  and  mineral  oils, 
except  for  accidental  impurity,  are  composed  only  of  hydrogen  and  carbon,  while  all 
animal  and  vegetable  fats  contain  a  certain  proportion  of  oxygen  in  addition  to  those 
elements. 

In  the  form  of  light  carbui-etted  hydrogen,  combustible  gas  has  long  been  known 
as  an  exhalation  from  the  earth,  seen  usually  in  the  neighbourhood  of  stagnant 
water ;  and  such  exhalations  were  traced  to  adjacent  coal  beds,  by  Shii'ley,  in  the 
year  1659.  There  are  several  places  where,  by  the  insertion  of  a  tube  iuto  some 
natural  fissure  or  artificial  boring,  the  issuing  gas  may  be  inflamed  ;  and  the  light  thus 
procured  is  exhibited  as  one  of  the  sights  in  the  neighbourhood  of  the  Falls  of  Niagara. 
Such  carburetted  hydrogen,  however,  does  not  xisually  contain  carbon  enough  to  be 
of  value  for  illuminating  purposes ;  and  its  flame,  although  brighter  than  that  of 
pure  hydrogen,  is  still  only  faintly  luminous.  Illuminating  gas  continued  to  be  a 
matter  of  interest  to  scientific  chemists,  but  did  not  attain  any  practical  value 
untU  the  year  1792,  when  Mr.  William  Murdoch,  of  Redi'uth,  lighted  his  own  house 
by  gas  distilled  from  coal,  and  conveyed  in  metal  pipes  over  a  distance  of  70  feet. 
His  gas  laboured  under  the  disadvantage  of  evolving  exceedingly  noxious  products 
from  the  impurities  which  it  contained ;  insomuch  that  it  could  only  be  burned  in 
connection  with  flues  or  similar  arrangements,  by  which  the  whole  of  the  products 
of  combustion  were  conveyed  into ,  the  chimneys  or  otherwise  removed  from 
dwellings ;  and  it  was  not  until  the  method  of  pui-ification  by  lime  was  introduced 
by  Dr.  Henry  and  Mr.  Clegg  that  the  presence  of  naked  flames  could  be  tolerated. 

In  England,  the  chief  pioneers  of  gas  lighting  were  Messrs.  Boulton  and  Watt, 
who  caused  part  of  their  manufactory  at  Soho,  near  Birmingham,  to  be  lighted  with 
it  in  1798,  and  who  gave  a  public  exliibition  of  the  light  in  1802,  on  tlie  occasion 
of  the  general  iUumination  in  consequence  of  the  peace  of  Amiens.  In  1808  Mr. 
Murdoch  communicated  the  results  of  his  experience  in  gas  lighting  to  the  Eoyal 
iSociety ;  th-?  new  illuminant  having  already  been  used  in  the  Lyceum  Theatre, 
where  it  was  introduced  in  1803,  and  on  one  side  of  PaU  Mall.  After  this,  mainly 
iu  consequence  of  the  gi-eat  exertions  of  Mr.  Winsor,  it  came  rapidly  into  general 
use;  and,  in  1815,  it  was  introduced  into  Paris. 
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The  illuminating  power  of  gas,  in  accordance  with  the  i)rinciples  already  laid 
<lown,  depends  upon  the  incandescence  of  its  carbon  element,  which  incandescence 
is  produced  by  the  heat  yielded  by  the  combustion  of  its  hydrogen  element ;  and  it 
follows  that  these  two  elements  must  bear  a  certain  proportion  to  one  another,  and 
also  to  tlie  oxygen  available  for  the  purpose  of  consuming  them,  in  order  that  the 
best  results  may  be  obtained.    The  hydrogen  must  be  present  in  sufficient  quantity 
to  produce  the  necessary  heat,  and  the  carbon  in  sufficient  quantity  to  afford  the 
requii-ed  illumination ;  while,  if  there  be  any  lack  of  oxygen,  either  in  the  general 
atmosphere  sm-rounding  the  flame  or  in  the  portion  which  can  obtain  access  to  it  by 
■reason  of  the  arrangements  of  the  burner,  part  of  the  carbon  will  escape  oxidation 
'.after  it  has  been  heated,  and  will  be  given  off  in  the  form  of  black  smoke  or  soot. 
In  order  to  obtain  good  light,  therefore,  we  must  have  a  suitable  combination  of 
hydrogen  and  carbon  in  the  fuel,  a  sufficiently  oxygenated  atmosphere  in  tlie  room 
or  other  place  where  combustion  is  carried  on,  and  a  sufficient  freedom  of  access  of 
this  atmosphere  to  all  parts  of  the  flame.     At  the  same  time,  the  access  of 
atmospheric  air  must  not  be  too  free,  or  the  flame  will  be  cooled  to  such  an  extent 
that  a  proper  incandescence  of  the  carbon  particles  will  no  longer  occur.    This  effed 
may  be  seen,  from  time  to  time,  in  the  case  of  any  gas  flame  that  is  exposed  on  a 
windy  night ;  and  is  constantly  observable  in  the  case  of  street  illuminations. 

The  permanently  gaseous  hydro-carbons  are  two  in  number,  the  light  carburetted 
hydrogen,  or  marsh  gas,  already  noticed,  which  consists  of  one  element  of  carbon 
■and  four  of  hydrogen,  and  the  heavy  carburetted  hydrogen,  olefiant  gas,  or  ethylene 
which  consists  of  two  elements  of  carbon  and  four  of  hydrogen.  The  latter  there- 
fore, contains  twice  as  much  carbon  as  the  former,  and  constitutes  the  most  important 
■element  m  ilium  mating  gas.  Besides  these  two,  coal  gas  contains  other  hydro- 
carbons still  richer  in  the  carbon  element,  of  which  naphthaline,  containing  five 
elements  of  carbon  to  four  of  hydrogen,  may  be  taken  as  the  type.  These  heavier 
hydro-carbons,  however,  although  they  possess  great  illuminating  power,  are  only 
gaseous  at  high  temperatures,  and  are  liable  to  be  deposited  in  solid  or  Uquicl  forms 
m  the  pipes.  Many  contrivances  have  been  employed  by  different  inventors,  to  some 
of  which  It  wiU  be  necessary  to  refer  hereafter,  in  order  to  enrich  gas  by  supplying 
bel^otj  d  l^ydro-carbons  in  such  a  manner  that  their  deposition  Ly 


all  nth'  T     .      ^^^«™g  t^^e  iUuminating  power  of  gas,  or,  indeed,  of 

an  other  lUummants,  is  by  comparison  with  the  light  aloJded  by  a  candle  of  a  sta  ed 

Tll^TvT'''  1  ^  ^^^^^^-^  adopted'under  the  Sanct  on 

of  Acts  of  Parliament  is  a  spermaceti  candle,  burning  at  the  rate  of  120  ..rains  o 
^erniacetx  an  hour;  and  the  intensity  of  a  gas  flam^  buming  in  a  given  t'mVf 

^«  effected  will  require  a  brief  digression, 
of  iiT.r)      ^'Slit-measuring  depends  mainly  upon  a  comparison  of  the  blacknesa 

t'^lT^:  It  tal      f"™  m'^^°*  ^^^--^  Ws  T 
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Fig.  186. — Measttring  Ulumination. 


into  close  approximation.  One  of  them  -mil  then  be  seen  to  be  darker  than  the 
other ;  but,  by  placing  the  light  which  casts  the  darker  shadow  farther  from  the  rod 
than  the  other,  the  two  may  be  equalised.  In  the  case  supposed,  the  shadows  are 
supposed  to  be  equal  when  the  candle  is  22  and  the  lamp  44  inches  from  the  screen* 
and,  as  we  have  seen  that  the  intensity  of  light  diminishes  as  the  square  of  the 
distance,  a  correct  comparison  between  the  two  lights  will  be  made  by  dividing  the 

square  of  one  by  that  of 
the  other.  The  square  of 
22  is  484,  and  the  square 
of  44  is  1,938,  in  which 
484  is  contained  four 
times.  We  say  therefore, 
that  the  flame  of  the 
lamp  is  four  times  as 
bright  as  that  of  the 
candle,  or  that  the  lamp 
gives  four-candle  light. 
An  application  of  the 
same  principle,  better  adapted  for  accurate  work,  is  furnished  by  the  photometer 
of  Bunsen,  in  which  the  standard  light  and  the  light  to  be  tested  are  placed 
at  the  extremities  of  a  graduated  horizontal  bar,  on  which  slides  to  and  fro 
an  upright  rod,  carrying  a  piece  of  paper  on  which  a  central  disc  has  been 
rendered  translucent  by  wax  or  oil.  A  metal  screen  is  so  placed  that  the  right 
eye  sees  the  right  hand  side  of  the  paper,  which  is  turned  towards  one  of  the 
lights,  and  the  left  eye  sees  the  left  hand  side,  which  is  turned  towards  the  other 
light ;  and  the  paper  is  moved  to  and  fro  until  the  central  illumination,  which  for 
each  eye  is  reflected  from  one  side  and  transmitted  from  the  other,  appears  ab- 
solutely equal  upon  the  two  sides  of  the  paper.  When  this  condition  is  fulfilled 
the  relative  intensities  of  the  lights  are  read  ofi"  on  the  graduations  of  the  bar, 
according  to  the  squares  of  their  relative  distances  from  the  sheet  of  paper.  In 
a  photometer  invented  by  Mr.  Methven,  the  "standard  candle"  is  replaced  by 
so  much  of  the  flame  of  an  argand  burner  as  will  pass  through  a  slit  of  known 
dimensions ;  and,  as  the  actual  candles  are  very  variable,  this  new  photometer  is 
rapidly  gaining  ground  among  practical  men. 

In  estimating  the  illuminating  power  of  gas  it  is  usual  to  reduce  the  actual 
gas  consumption,  by  calculation,  to  five  cubic  feet  per  hour;  and  hence,  when 
we  say  that  a  given  gas  is  equal  to  so  many  candles,  it  is  implied  that  the 
equality  is  for  that  amount  of  consumption.  This  applies  equally  whether  we 
are  testing  the  gas  itself,  in  a  known  burner,  or  testing  a  burner  with  gas  of 
known  quality. 

In  this  country,  the  supply  of  gas  is  chiefly  in  the  hands  of  great  joint-stock 
companies,  who,  not  content  to  sell  an  useful  commodity  as  other  commodities  are 
sold  by  other  manufacturers,  have  succeeded  in  obtaining  from  Parliament  a 
variety  of  powers  and  privileges  which  are  unnecessary  for  the  conduct  of  their 
business,  and  which,  in  most  cases,  are  prejudicial  to  the  interests  of  their  cus- 
tomers. As  some  compensation  to  the  latter.  Parliament  has  enacted  that  the  gas 
supplied  should  be  of  a  certain  illuminating  power— in  the  metropolis  sixteen  candles 
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—and  a  common  practice  of  the  companies  is  to  make  the  bulk  very  inferior  to  this 
standard,  and  to  bring  it  barely  up  to  measure  by  the  addition,  to  each  batch,  of  a 
sufficient  quantity  of  gas  of  a  better  quality,  made  from  cannel  or  other  well- 
adapted  coal.  The  bulk  of  the  gas  made  in  London  is  from  coal  which  yields  bad 
gas  but  good  coke ;  and  the  companies  habitually  sacrifice  the  interests  of  the  light 
consumer,  whom  they  control  by  their  monopoly,  to  those  of  the  coke  consumer, 
who  is  free  to  buy  what  he  wants  in  the  open  market.  The  practical  result  is  that 
the  purchaser  of  gas,  of  which  the  companies  are  professedly  purveyors,  is  made  to 
suffer  for  the  benefit  of  the  purchaser  of  coke,  which,  qud  gas  manufacture,  should 
be  regarded  as  a  waste  product,  proper,  indeed,  to  be  put  to  the  best  and  most 
profitable  use,  but  not  to  be  made  the  primary  object  of  the  manufacturers ;  who> 
by  thus  reversing  the  natural  relations  of  their  products,  may  almost  be  said  to 
obtain  their  monopolies  and  privileges  under  false  pretences. 

When  gas  was  first  introduced  as  an  illuminant,  the  art  of  lighting  was  in 
a  very  backward  condition  ;  and  the  abundant  supplies  of  cheap  oil  which  are  now 
attainable  were  not  to  be  procured.  The  new  agent  offered  immense  advantages 
over  all  others  which  could  be  brought  into  competition  with  it ;  and  its  triumph 
•was  speedy  and  complete.  Since  then,  the  methods  of  making  and  of  distributing 
gas  have  not  been  improved  in  any  very  material  points  :  while  the  art  of  lighting 
by  oD.  has  been  not  so  much  revolutionised  as  created.  The  two  kinds  of  fuel  stand, 
to-day,  in  totally  different  relative  positions  from  those  which  they  occupied  at  the 
beginning  of  the  century ;  and  gas,  notwithstanding  its  enormous  consumption 
in  manufacturies,  shops,  churches,  and  public  buildings  of  every  description,  is 
beginning  to  fall  into  some  disrepute  for  the  interior  illumination  of  dwellings. 
On  account  of  obvious  considerations  of  economy,  cleanliness,  and  convenience,  it  is 
perhaps  to  be  preferred  for  lighting  passages  and  staircases ;  but  for  rooms  which 
are  constantly  inhabited  it  offers  many  compensating  disadvantages.  As  commonly 
prepared,  sold,  and  consumed,  it  loads  the  air  with  noxious  vapours,  which  are 
injurious  to  books,  pictures,  and  furniture,  and  which  cannot  be  innocuous  to  the 
human  lungs ;  it  produces  heat  out  of  all  proportion  to  its  light ;  it  dries  the 
atmosphei'e  of  a  room  to  such  a  degree  as  often  to  render  the  dried  air  irritating 
to  the  surfaces  of  the  eyes ;  the  pipes  or  meters  are  liable,  at  critical  times,  to  fall 
out  of  order  in  some  respect  which  requires  a  gas-fitter  to  repair ;  and  the  accidental 
leakages  are  not  only  foul-smelling,  but  are  also  attended  by  liability  to  cause 
dangerous  and  destructive  explosions.  Moreover,  it  is  often  exceedingly  difficult  to 
irace  them  to  the  place  from  which  they  proceed. 

It  will  seem  to  many  readers  that  the  foregoing  is  too  heavy  an  indictment 
against  a  mode  of  lighting  the  convenience  of  which  is  universally  appreciated ;  but 
a  small  amount  of  reflection  will  suffice  to  show  that  every  count  can  be  sustained 
by  ample  evidence.  Taking  them  in  their  order,  and  referring  first  to  the  products 
of  combustion,  it  is  probably  true  that,  if  gas  were  prepared  with  adequate  skiU, 
from  coal  of  the  kind  best  suited  to  the  purpose,  and  with  a  view  to  the  interests  of 
the  consumer,  it  would  be  entirely  harmless.  Unfortunately,  the  reverse  of  this 
picture  is  ordinarily  the  true  one.  There  is  skill  in  abundance,  but  the  object 
to  which  it  is  dii-ected  is  to  supply  the  cheapest,  and  consequently  the  worst,  gas 
which  can  be  made  to  pass  muster,  and  to  keep  the  companies  clear  of  the  penalties 
prescribed  by  their  Acts.    The  selection  of,  the  coal,  the  limits  of  the  purification. 
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aiid  the  ulWte  dosage  with  better  gas  to  raise  the  illuminating  power  to  the  le^al 
standard,  all  have  this  aim  in  view.    One  of  the  consequent  results  is  to  sup;iy 
impurities  which  lead  to  the  formation  of  sulphuric  acid  during  the  process  of  com- 
bustion, and  this  exercises  an  injurious  influence  upon  books,  paintings,  woven 
fabrics  metaUic  surfaces  and  many  other  things.    A  few  years  ago,  it  ^as  found 
that  the  backs  of  the  books  in  one  of  the  principal  London  clubs  had  been  so 
seriously  damaged  by  this  cause  that  the  use  of  gas  was  immediately  discontinued 
in  the  library;  and  such  an  experience  is  by  no  means  an  isolated  one.  Evidence  of 
the  impurities  ordinarily  contained  in  London  gas  may  be  obtained  at  any  time,  by 
simple  inspection  of  the  deposits  left  upon  the  interior  of  the  chimney  glasses- 
of  burners,  or  upon  the  glass  or  other  shades  which  are  suspended  over  the  flames 
tor  the  protection  of  ceilings.    I  am  not  aware  of  any  experiments  by  which  the 
facts  have  been  accurately  determined,  but  I  am  under  the  impression  that  -as 
consumes  more  oxygen,  light  for  light,  than  any  other  description  of  fuel;  and  that 
in  this  way  also  it  contributes  to  the  deterioration  of  the  air ;  while  ample  proof  of 
Its  heating  properties  may  be  obtained,  in  any  room  in  which  it  has  been  burnin<r 
for  half  an  hour,  by  the  simple  process  of  ascending  a  pair  of  steps,  so  as  to  brin^ 
the  head  to  a  level  above  that  of  the  flames.    When  a  gas  burner  is  suspended 
from  the  ceiling,  with  its  flames  above  the  heads  of  the  occupants  of  the  room,  the 
efiect  of  this  superheating  of  the  upper  portions  is  exceedingly  mischievous.    It  pre- 
sents an  effectual  barrier  to  the  ascent  of  the  air  which  has  been  vitiated  and  warmed 
by  respiration,  but  which  is  still  heavier  that  the  gas-heated  air  above  it ;  and  thus, 
for  all  purposes  of  ventilation,  it  practically  brings  down  the  ceiling  to  the  level  of 
the  gas  flames,  and  reduces  the  cubic  space  of  the  room  accordingly.    Such  a  result 
may,  no  doubt,  in  great  measure  be  obviated  by  good  arrangements  for  ventilation  ; 
but  good  arrangements  for  ventilation  are  sufficiently  rare  to  deserve  very  careful 
observation  when  they  can  be  found. 

The  drying  of  the  air  by  gas  is  another  inconvenience  which  ventilation  might 
obviate,  but  which  is  none  the  less  a  real  evil.  Wood  engravers,  and  those  eno'awed 
m  other  occupations  which  require  a  strong  light  near  the  eyes,  are  accustomed  to 
I)rotect  themselves  by  placing  near  them  on  the  table  a  large  sponge  well  soaked 
with  water,  which  is  renewed  from  time  to  time,  so  as  to  provide  a  source  of  supply 
to  make  good  the  atmospheric  moisture  as  fast  as  it  is  removed,  and  to  prevent  the 
eflfects  of  very  dry  air,  which  is  irritating  always  to  tlie  eye-surfaces  and  often  to 
the  lungs.  It  is  hardly  necessary  to  observe  that  the  efiects  of  this,  and  of  all 
other  inconveniences  incidental  to  the  actual  combustion  of  gas,  are  increased  in 
proportion  to  the  number  of  persons  who  occupy  a  given  cubic  space  within  which 
the  flames  are  enclosed. 

The  foregoing  observations  are  intended  to  apply,  in  great  measure,  to  London  ; 
and,  although  they  are  no  doubt  more  or  less  true  of  other  places  also,  there  are 
many  places  the  inhabitants  of  which,  are  better  treated  by  their  gas  purveyors. 
Such  better  treatment  may  depend  upon  the  gasworks  being  in  the  hands  of  some 
municipal  or  other  public  authority,  which  has  no  purpose  to  serve  other  than  the 
advantage  of  the  consumer,  or,  in  some  cases  perhaps,  upon  the  character  of  a  coal 
supply  which  is  easily  accessible  in  the  particular  locality.  The  city  of  Cork,  for 
example,  has  long  enjoyed  gas  of  peculiar  excellence,  and  that  of  Edinburgh,  as 
every  one  who  has  been  there  must  be  aware,  is  far  superior  to  that  of  London. 
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The  inconveniences  attendant  upon  accidental  derangement  of  machinery,  either 
at  the  works,  in  the  public  mains,  or  in  private  houses,  are  liable  to  occur  wherever 
gas  is  used,  and  these  are  sometimes  exceedingly  great.  .  They  are  such  as  to  render 
it  a  matter  of  common  prudence  for  no  householder  to  be  entirely  dependent  upon 
gas  for  his  illumination,  but  always  to  reserve  the  power  of  supplying  its  place  by 
lamps  or  candles  in  case  of  need.  There  is  a  tradition  tliat  when  Sir  Walter  Scott, 
on  his  removal  from  Ashestiel  to  Abbotsford,  gave  a  great  house-warming  at  the 
latter  residence,  all  the  gas-lights  suddenly  went  out  in  the  middle  of  the  festivities, 
and  left  the  assembled  guests  in  utter  darkness.  Sir  Walter,  wishing  to  be  in  the 
van  of  improvement,  had  caused  Abbotsford  to  be  lighted  entirely  by  gas,  from 
attic  to  basement,  and  had  cast  away  lamps  and  candles  as  remnants  of  barbarism. 
The  effect  was  that  no  substitute  for  the  defaulting  gas  could  be  procured,  until  a 
messenger  had  been  dispatched  to  Melrose  to  clear  the  village  shops  of  such  dip 
candles  as  they  might  contain  ;  and  that  ultimately,  but  not  until  after  the  lapse  of 
a  considerable  time,  some  of  these  unsavoury  illuminants  were  brought,  were  fixed 
to  the  walls  in  extemporised  sconces,  and  the  dancing  was  continued  with  as  much 
spirit  as  could  be  expected  in  the  circumstances.  A  person  whose  house  is  entirely 
lighted  by  gas  is  at  the  mercy  of  strikes  among  the  workmen,  of  explosions  in  or 
accidents  to  the  local  main,  and  of  imperfections  within  his  own  walls ;  and  it 
usually  happens  that  something  wrong  with  the  gas  is  not  discovered  until  the  time 
for  lighting  it,  when  skilled  workmen,  if  the  defect  chances  to  be  at  home,  are  not 
to  be  procured  until  the  morrow.  It  is  in  accordance  with  the  usual  march  of 
events  that  gas,  if  it  goes  out  when  it  is  wanted,  always  goes  out  at  the  most 
inconvenient  time  ;  and  it  is  therefore  never  desirable  to  allow  the  comfort,  or  the 
pleasure,  or  the  work,  of  an  evening  to  be  dependent  upon  the  integrity  of  this  one 
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A  not  uncommon  source  of  difficulty  with  gas  in  private  houses,  especially  in 
those  which  are  supplied  by  small  gasworks,  arises  from  the  deposition  of  water  in 
the  pipes.  Gas  is  stored  over  water,  and  a  large  number  of  meters  containing 
water  are  still  in  use.  Gas  has  a  considerable  power  of  absorbiiig  the  water  with 
which  it  is  in  contact,  and  readily  deposits  it  again  if  brought  to  a  somewhat  lower 
temperature.  If  such  deposit  occurs  in  the  pipes  in  the  interior  of  a  house,  the 
moisture  will  gradually  trickle  down  to  the  lowest  point  of  the  system,  and  will  there 
accumulate  until  it  forms  an  impediment  to  the  passage  of  the  gas,  which  will  at  first 
get  through  in  a  stream  of  bubbles  instead  of  by  a  continuous  flow,  and  will  supply 
the  flames  in  such  a  manner  that  they  rise  and  fall  as  if  with  a  sort  of  pulsation, 
producing  a  flickering  which  is  very  unpleasant,  and  which  renders  the  flame  almost 
useless  as  a  source  of  illumination.  In  the  metropolis,  where  the  enormous  and 
rapid  consumption  calls  for  daily  manufacture,  the  gas  does  not  rest  long  enough  in 
the  reservoirs  to  absorb  much  water,  and  the  general  employment  of  dry  meters 
prevents  the  absorption  which  might  otherwise  occur  in  the  houses  of  consumers ; 
but,  in  the  gasworks  of  country  towns,  where  daily  manufacture  is  not  jiractised, 
and  the  gas  is  stored  for  two  or  more  days  at  the  works,  the  absorption  is  very  apt 
to  occur.  Consumers  who  are  dependent  upon  sucli  a  source  of  supplj^,  or  who  use 
wet  meters,  should  have  a  small  pipe  introduced  at  tlie  lowest  point  of  their  domestic 
service,  as  an  outlet  by  which  any  accumulation  of  water  may  be  permitted  to 
escape.    The  pipe  may  be  very  small,  should  be  carried  vertically  downwards  for 


424 


OUR  HOMES. 


an  mck  or  two,  and  fitted  witli  an  ordinary  tap.  When  this  has  not  been  done 
and  where  the  acciunulation  of  water  displays  itself  by  sudden  flickering  the 
accumulation  may  be  withdrawn,  in  the  absence  of  a  skilled  workman  by  first 
turning  ofi"  the  gas  at  the  main,  and  then  drilling  a  hole,  with  a  bradawl  or  small 
gimlet,  at  the  lowest  part  of  the  pipe.  As  soon  as  the  few  drops  of  water  have 
escaped,  the  hole  may  be  plugged  by  melted  tallow  from  a  candle,  and  the  gas 
re-admitted  and  lighted.  Of  course,  the  tallow  plug  should  be  replaced  next  day 
by  one  of  a  more  secure  character.  During  frost,  the  accumulations  of  water  are 
apt  to  be  stiU  more  troublesome,  because,  on  account  of  the  crystalline  formation 
of  ice,  and  the  consequent  increase  of  the  bulk  of  water  in  freezing,  a  drop  or  two 
which  had  collected  in  a  pipe  without  perceptibly  afi-ecting  the  current  may  entirely 
obstruct  the  calibre  when  frozen.  WhUst  these  lines  were  being  written,  in  the  winter 
of  1880-81,  a  single  burner  in  my  own  house  was  actually  rendered  useless  in  this 
manner,  the  others  not  being  aflfected.  In  such  a  case,  of  course,  the  possibility 
of  melting  the  ice-plug  would  depend  upon  the  accident  of  the  position  and  coui-se 
of  the  pipe.  In  Edinburgh,  the  state  of  things  was  still  worse,  for  there  the  wet 
meters  in  general  use  were  frozen  almost  universally,  and  large  portions  of  the  city 
were  entirely  deprived  of  gas  in  the  houses,  while  the  same  thuig  happened  at 
Blackheath  and  in  other  places  near  London. 

The  leakages  of  gas  which  occur  in  dwelling-houses  may  arise  from  various 
causes,  and,  on  account  of  the  ofiensive  smell  of  gas,  they  usually  declare  themselves 
in  time  to  secure  the  inhabitants  against  any  danger  from  explosion,  if  only  proper 
precautions  are  at  once  adopted.  In  this,  however,  as  in  so  many  other  matters, 
the  actual  dangers  arise  as  much  from  carelessness  or  ignorance  as  from  the 
necessities  of  the  position.  When  gas  and  atmospheric  air  are  mixed  in  certain 
proportions,  the  atoms  of  oxygen  are  in  close  relation  -svith  those  of  hydrogen,  and 
upon  •  any  elevation  of  temperature  they  rush  together  with  such  violence  as  to 
produce  explosion,  and  very  destructive  consequences  have  been  often  produced  in 
this  way.  The  mixture  of  gas  and  air,  being  lighter  than  air  itself,  always  ascends 
to  the  upper  part  of  the  room  in  which  the  escape  occurs,  and  many  domestic 
explosions  have  been  occasioned  by  holding  up  a  lighted  candle  for  the  purpose  of 
ascertaining  the  place  of  leakage.  On  one  occasion,  when  leaving  the  house  of  a 
patient,  I  called  the  attention  of  the  owner  to  the  smell  of  gas,  and  advised  him 
to  see  about  it  forthwith.  He  took  a  light  into  the  drawing-room,  from  whence  the 
smell  proceeded,  and  held  it  up  to  the  top  of  the  suspended  gaselier,  thinking  to 
light  the  issuing  stream,  and  thus  to  show  the  position  of  the  leak.  The  result  was 
that,  just  as  the  front  door  had  closed  behind  me,  the  drawing-room  window-frames 
followed  me  into  the  street,  and  on  returning  to  the  house  I  found  that  other  serious 
mischief  had  been  done.  In  all  cases  of  leakage,  before  a  light  is  brought,  the  gas 
should  be  turned  oS  at  the  main,  and  then  the  doors  and  windows  of  the  room  in 
which  the  leakage  occurs  should  be  set  wide  open,  so  that  the  accumulated  gas  may 
be  dUuted  and  removed  by  a  free  current  of  air.  When  this  has  been  done,  the 
main  may  be  re-opened,  and  then  a  light  may  be  safely  emjjloyed  as  a  detective. 

Perhaps  the  most  common  source  of  gas  leakage  is  to  be  found  in  the  defective 
character  of  the  fittings  and  workmanship.  A  case  lately  came  under  my  notice  in 
which  a  house,  newly  furnished  and  decorated  at  considerable  expense,  was  never 
free  from  a  suspicion  of  the  smell  of  gas.    This  was  traced,  after  much  trouble,  to 
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the  faiUty  construction  of  some  expensive  gaseliers,  which  permitted  leakage  to 
a  small  extent,  sufficient  to  be  offensive,  but  not  sufficient  to  become  a  source 
of  dan-er  in  rooms  which  were  inhabited  and  to  which  aur  was  freely  admitted 
The  -a°seHers  had  not  been  properly  tested  before  they  were  fixed,  and  they  had 
openings  of  extreme  minuteness  by  which  escape  was  permitted.  In  purchasing 
such  fittings,  it  is  prudent  to  require  from  the  seller  a  warranty  of  their  perfection 
in  this  respect;  and  he  will  then,  for  his  own  protection,  be  tolerably  certain  to 
obtain  a  similar  warranty  from  the  manufacturer,  who,  in  his  tum,  will  not  send 
them  out  untU  a  proper  test  has  been  applied  to  every  part.  The  best  for  the 
purpose  is  to  drive  air  into  them  under  moderate  pressure,  whUe  the  fittings  them- 
selves are  under  water.  Any  escape,  however  small,  wiU  then  declare  itself  by  the 
ascent  of  bubbles.  In  the  same  way,  a  gasfitter  should  be  called  upon  to  warrant 
the  soundness  of  the  work  done  by  his  men,  and  he  will  then  be  Hkely  to  keep  them 
under  proper  supervision. 

It  is  the  practice  of  some  householders  to  turn  ofi"  the  gas  at  the  main  every 
nif^ht  3  a  course  by  which  every  light  then  burning  in  the  house  is  immediately 
extinguished.  When  this  is  done,  it  will  sometimes  happen  that  the  special  tap 
of  some  particular  burner,  which  was  lighted  at  the  time,  is  forgotten  and  left  open  ; 
so  that,  when  the  main  is  again  opened  for  the  requirements  of  the  next  evening, 
this  burner,  if  not  at  once  either  lighted  or  closed,  will  permit  a  free  escape.  Where 
the  practice  of  turning  off  at  the  main  obtains,  too  much  care  cannot  be  taken  to 
see  that  every  burner,  whether  known  to  be  lighted  or  not,  is  visited  and  closed 
immediately  afterwards;  since  otherwise,  in  the  less  frequented  parts  of  the 
house,  all  the  conditions  necessary  for  an  explosion  will  be  prepared. 

A  curious  illustration  of  the  effects  of  total  ignorance  of  gas  and  its  properties 
came  under  my  observation  a  short  time  since.  A  young  lady,  who  had  been 
brought  up  in  a  remote  country  house,  came  to  stay  in  London,  in  a  house  which 
had  a  gasburner  in  every  bedroom.  It  was  the  duty  of  the  servants,  each  evening, 
to  light  the  gas  in  the  bedrooms,  and  to  turn  down  each  flame  to  a  low  point,  so  that 
anyone  entering  the  room  might  turn  it  up  without  trouble.  The  guest,  tired  by  her 
journey,  went  early  to  bed  on  the  evening  of  her  arrival,  and,  finding  candles  and 
matches  on  her  dressing  table,  lighted  the  candles.  Some  time  after,  when  the 
occupier  was  going  to  bed  himself,  his  attention  was  called  to  a  smell  of  gas,  which, 
after  some  investigation,  appeared  to  come  from  the  guest's  room.  The  lady  of  the 
house  went  to  investigate  the  matter ;  and,  on  opening  the  door,  found  the  smell 
overpowering.  She  opened  the  window  and  roused  her  guest,  although  not  without 
difficulty.  The  young  lady,  when  quite  awake,  professed  her  inability  to  understand 
how  the  escape  could  have  occurred,  "for,"  she  said,  "  I  was  careful  to  blow  the 
gas  out  before  I  got  into  bed."    She  did  not  understand  the  use  of  the  stopcock. 

In  a  house  which  I  inhabited  some  years  ago,  an  escape  of  gas  was  brought 
about  in  a  very  curious  fashion.  The  smell  made  its  appearance  in  my  dining  room, 
not  in  an  overpowering,  but  yet  in  an  unmistakable  manner,  and  increased  day  by  day. 
After  all  other  methods  of  investigation  had  been  tried  in  vain,  the  floor  of  the  room 
was  taken  up ;  and  then  it  was  found  that  a  gas-pipe  had  been  so  laid  as  to  be 
exposed  to  friction  from  a  bell-wire,  which  crossed  imderneath  it  at  right  angles  to 
its  course.  The  bell-wire  had  sawn  a  cut  across  the  pipe,  and  at  last  had  opened 
its  calibre.    Both  the  pipe  and  the  wu-e  had  been  laid  down  before  the  commence- 
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ment  of  my  occupancy;  and  it  was  impossible  to  discover  whether  the  bellhan-er 
or  the  gasfitter  had  been  most  to  blame  in  the  matter,  ° 

The  gaseliers  or  pendants  used  in  sitting-rooms  are  commonly  balanced  by 
weights,  and  are  made  to  slide  up  and  down,  so  that  the  level  of  the  illumination 
may  be  altered  when  required.    In  this  arrangement,  the  lower  slidin-  tube 
mto  which  the  upper  one  is  received,  is  double  aud  contains  water,  by  which  the 
escape  of  gas  is  prevented.    This  water,  from  having  only  a  very  small  surface 
exposed  to  the  air,  evaporates  but  slowly,  but  it  does  evaporate  in  time ;  and  if  the 
tube  IS  suffered  to  become  empty,  gas  must  escape.  If  the  tube  is  nearly  empty  but 
yet  contains  sufficient  water  to  seal  the  joint  when  the  flames  are  high  up  it' will 
sometimes  happen  that  by  drawing  them  down  the  protection  of  the  water  is- 
lost.     Gas  will  then  ascend  from  the  mouth  of  the  lower  tube  to  the  ceiling 
of  the  room ;   and  may  accumulate  there  to  a  dangerous  amount  before  it  is- 
difiused  downwards  in  sufficient  quantity  to  give  the  alarm.     Wherever  such 
sliding  gaseliers  are  used,  it  should  be  made  a  matter  of  routine  to  refill  their  tubes- 
with  water  at  reasonable  intervals  of  time,  say  once  in  a  month  or  six  weeks.  The 
refilling  can  be  done  by  anybody,  and  requires  only  a  pair  of  tall  steps  and  a  jug  of 
water.    If  the  gaselier  is  drawn  down  as  far  as  it  will  come,  and  the  lower  tube 
IS  then  filled  up,  the  water  will  overflow  and  make  a  mess  when  tho  tube  is  pushed 
up  again.    Ic  should  either  be  only  partially  filled  when  drawn  down,  or,  what 
is  perhaps  better,  should  be  quite  filled  when  it  is  pushed  up  as  far  as  it  will  go. 
An  excellent  method  of  preventing  evaporation  is  to  fill  the  tube  nearly  to  the  top 
with  water,  and  then  to  complete  the  filling  with  a  little  abnond  or  olive  oil.  If 
this  be  done,  the  gaselier  will  require  no  further  attention  for  an  indefinite  time. 

It  will  be  gathered  from  the  foregoing  that  the  prudent  householder  will  prefer 
a  dry  to  a  wet  meter  for  his  gas ;  and  that,  even  with  the  former,  he  will  establish 
a  depending  opening  by  which  the  whole  of  the  pipes  within  his  house  may  be- 
emptied  of  water  in  case  of  need ;  that  he  will  take  care  to  have,  such  a  warranty 
for  the  character  of  new  fittings  as  may  protect  him  against  pecuniary  loss  in 
consequence  of  the  supply  of  bad  goods  or  bad  work  by  his  tradespeople ;  and  that,, 
in  case  of  leakage  betrayed  by  the  sense  of  smell,  he  will  carefully  cut  off  the  main 
supply,  and  secure  thorough  ventilation,  before  any  light  is  suffered  to  be  taken  into 
the  place  from  which  the  odour  proceeds.    Whether  it  is  desirable  to  turn  off  the 
main  supply  at  night,  as  a  matter  of  habit,  is,  I  think,  very  questionable.    The  pipe 
usually  enters  at  some  place  not  easy  of  access ;  and,  if  a  light  should  be  suddenly 
required  in  the  night,  in  consequence  of  illness,  or  of  other  emergency,  the  complete 
exclusion  of  gas  from  the  premises  might  entail  some  inconvenience.    As  regards 
tlie  question  of  safety,  I  think  I  have  never  heard  of  either  fire  or  explosion  at  night 
which  were  consequent  upon  the  main  pipe  being  left  ojien ;  but  I  have  heard  of 
more  than  one  explosion,  and  of  many  narrow  escapes  from  explosions,  which  were 
occasioned  in  the  way  already  described,  by  a  tap  having  been  left  open  in  some 
room  in  which  a  light  had  been  burning  when  the  supply  pipe  was  closed,  so  that 
free  leakage  was  permitted  when  the  supply  pipe  was  re-opened.    In  my  own  house, 
where  gas  is  only  used  in  the  kitchen,  basement,  entrance,  on  the  staircase,  and  in 
a  consulting-room  where  it  is  indispensable  for  professional  purposes,  I  never  hav& 
the  main  closed  from  one  years'  end  to  another ;  nor  do  I  perceive  in  what  way  I 
should  arrive  at  any  additional  safety  by  altering  my  practice  in  this  respect 
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CHAPTER  XLTI. 

GAS  PRESSURE,  PIPES,  AND  BURNERS, 

Three  main  forms  of  Burners— Influence  of  Gas  Pressure— Variations  in  Pressure— Evils  of  Excessive 
Pressure  Governors — Description  of  tlie  Principal  Gas-burners. 

Assuming  that  gas  is  to  be  burnt  as  a  source  o£  domestic  light,  the  next  question 
to  be  considered  has  reference  to  the  manner  in  which  this  should  be  done.  The 
burners  in  common  use  are  tliree  in  number,  the  argand,  the  batwing,  and  the 
fishtaU ;  -with  many  modified  forms  of  each. 

The  argand  burner  consists  essentially  of  a  small  ring,  usually  about  three 
quarters  of  an  inch  in  diameter,  from"  the  upper  surface  of  -which  the  gas  escapes 
by  a  number  of  fine  openings.  The  flame  is  therefore  a  hollow  cylinder,  and  the  air 
has  free  access  both  to  its  exterior  and  to  its  interior. 

The  batwing  is  a  small  tube,  closed  at  the  top  by  a  hemispherical  bulb,  through^ 
which  a  vertical  slit  for  the  issue  of  the  gas  is  cut  by  a  fine  saw.  The  flame  is  flat, 
and  almost  semicircular  in  outline. 

The  fishtail,  or  union-jet,  is  a  tube  with  a  flat  circular  top,  ia  the  centre  of 
which  is  a  central  concavity  or  depression,  in  which  two  channels  are  bored  in 
directions  inclioing  towards  one  another  from  below  upwards.  The  two  issuing 
streams  of  gas  meet,  and  each  modifies  the  shape  of  the  other,  so  that  the  flame 
spreads  out  into  a  thin  sheet  transverse  to  the  direction  of  the  perforations ;  and 
with  sides  which  are  at  first  semicircular,  but  which,  as  they  ascend,  become  nearly 
parallel.  The  difference  between  the  last  two  varieties  is  not  of  an  important 
character,  but  they  both  differ  from  the  argand  in  that  the  flame  of  this  requires  tO' 
be  inclosed  by  a  chimney,  in  order  to  secure  the  requisite  regularity  and  steadiness 
of  the  air  supply.  The  batwing  and  fishtail  burners  are  often  inclosed  in  globes, 
but  they  do  not  require  chimneys,  and  the  globes  are  to  be  regarded  as  ornaments 
or  as  adjuvants  rather  than  as  necessaries. 

The  pipes  by  which  gas  is  distributed  from  the  central  reservoirs  to  the  build- 
ings in  which  it  is  consumed  are  manifestly  of  constantly  diminishing  calibre,  the 
system  bearing  a  rude  resemblance  to  the  trunk,  boughs,  branches,  and  twigs  of 
a  tree.  The  inner  surfaces  of  the  pipes  of  such  a  system  oppose,  as  a  matter  of 
course,  considerable  frictional  resistance  to  the  passage  of  gas,  which  has  to  be 
driven  along  them  by  a  certain  amount  of  pressure,  and  this  pressure  must  be 
increased  when  a  larger  supply  is  required,  or  when  the  gas  has  to  be  transmitted 
over  long  distances.  Hence  it  is  the  custom  of  gas  companies  to  keep  the  pipes- 
full  under  a  low  pressure  during  the  hours  of  slack  consumption,  and  to  increase 
this  pressure  during  the  hours  of  chief  demand.  It  is  also  the  ]5ractice  to  increase- 
the  pressure  somewhat  in  anticipation  of  the  demand,  and  to  maintain  it  for 
a  time  after  the  chief  demand  has  ceased ;  the  result  of  which  is  that  it  falls  in 
the  terminal  pipes  at  about  the  time  when  numerous  jets  which  had  previously  been 
closed  and  inoperative  are  first  lighted,  and  that  it  rises  again  suddenly  when  the 
majority  of  shop  lights  are  being  extinguished.    Hence  the  pressure  varies,  not  only 
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With  the  known  amount  which  is  applied  at  the  reservoirs,  and  which  can  be  reckoned 
upon,  but  also  with  the  number  of  jets  which  may  be  lighted  in.the  district  at  the 
time,  an  element  which  may  be  variable  even  on  different  days  of  the  week    I  have 
before  me  a  diagram  which  gives  a  graphic  representation  of  the  variations  of 
,  pressure  near  Charing  Cross,  on  the  7th  and  8th  of  February  in  the  present  year 
■  the  variations  being  recorded  automatically  on  a  revolving  drum.    The  pressure  il 
expressed  m  inches  of  a  column  of  water;  and  at  Charing  Cross,  during  the  quiet  times 
of  the  day,  as  from  one  o'clock  in  the  morning  to  three  in  the  afternoon,  it  stood 
at  about  an  inch  and  a  half,  or  1-5.    At  about  a  quarter  past  three,  it  rose  to  1-8, 
falling  almost  immediately  to  17,  and,  by  four  o'clock,  to  1-6,  no  doubt  in  con- 
sequence of  many  Hghts  having  been  kindled  since  the  first  increase  of  pressure  at 
the  works.    At  four,  the  central  pressure  was  again  increased,  and  the  index 
steadily  mounted  until,  by  a  quarter  to  five,  it  had  reached  2-83.    From  this, 
S.8  more  lights  were  kindled,  it  fell  in  the  course  of  twenty  minutes  to  2-3,  and 
fluctuated  between  this  and  2-5  untU  eight  o'clock,  when  shops  began  to  be  closed, 
so  that  the  pressure  became  excessive  on  the  burners  wHch  were  still  in  use,  and 
rose  to  3-25  by  nine  o'clock.    From  this  point  it  declined  gradually,  reaching  2-5  by 
ten  minutes  before  twelve,  and  falling  abruptly  to  1-6  in  the  course  of  the  next 
hour.    The  pressure  therefore  ranged  from  an  inch  and  a  half  to  nearly  three  and 
a  half  between  four  and  nine  p.m.,  and  feU  agaia  to  one  and  a  half  between  nine 
p.m.  and  one  a.m. 

In  ordinary  gas-burners,  the  supply  to  which  is  regulated  only  by  a  tap,  these 
sudden  and  great  variations  of  pressure  are  frequent  sources  of  inconvenience  and 
of  waste.  When  the  gas  is  lighted,  probably  before  the  evening  increment  of  pres- 
sure commences  at  the  works,  the  taps  require  to  be  almost  fully  opened  in  order  to 
obtain  a  supply  adequate  for  the  maintenance  of  a  flame  of  moderate  size.  As  soon 
as  increasing  pressure  drives  more  gas  along  the  pipes,  the  previously  quiet  flames 
begin  to  flare  and  sing;  and  the  rush  of  gas  which  issues  from  them  no  longer  finds 
oxygen  enough  in  the  immediate  vicinity  of  the  flame  to  provide  for  its  complete 
combustion,  so  that  the  room  becomes  filled  with  the  vapour  of  unoxidised  carbon, 
which  is  deposited  in  the  form  of  fine  soot,  and  which,  to  people  of  sensitive  res- 
piratory organs,  produces  an  atmosphere  of  a  very  unpleasant  character.  Of  course, 
in  a  room  or  other  place  which  is  occupied  when  the  increased  pressure  comes  into 
play,  there  is  no  further  trouble  that  that  of  altering  the  tap  of  each  burner  until 
the  flame  resumes  the  desired  character  and  magnitude ;  but  in  rooms  which  are  for 
the  time  unoccupied,  or  in  passages  or  on  staircases,  there  may  be  much  waste 
before  attention  is  directed  to  the  circumstance.  An  argand  burner  under  excess  of 
pressure  gives  off  black  smoke  very  freely ;  and  I  have  more  than  once  been  absent 
from  a  room  in  which  such  a  burner  had  been  lighted  imder  low  pressure  and  left 
burning,  and  have  returned  to  find  a  high,  black,  and  smoky  flame,  and  an  atmos-  ' 
phere  thickly  charged  with  the  fine  black  dust  of  unconsumed  carbon. 

In  order  to  meet  the  inconveniences  thus  arising,  various  contrivances  called 
**  governors  "  have  been  invented.  The  object  of  a  governor  is  to  prevent  the 
pressure  in  the  pipes  beyond  where  it  is  fixed  from  rising  above  a  pre-arranged 
maximum,  an  effect  which  is  produced  by  neutralising  the  pressure  by  some  kind 
of  interposed  resistance.  The  earliest  form  of  governor  which  I  remember  was  a 
box  filled  with  small  shot,  and  so  made  part  of  the  gas-pipe  that  the  gas  was  com- 
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pelled  to  force  its  >vay  between  the  pellets.  Muslin  filters  and  other  contrivances 
have  also  been  employed,  and,  in  more  recent  times,  governors  have  been  made  m 
such  a  manner  that  they  are  called  into  increased  action  by  increased  pressure,  and 
are  therefore  self-regulating  or  automatic. 

For  the  fluctuations  of  pressure  which  are  due  to  alterations  made  at  the  central 
reservoir,  or  which  depend  upon  the  turning-off  of  many  lights  in  the  vicinity,  a 
governor  placed  upon  the  main  inlet  tube  of  the  house,  just  within  the  meter, 
would  obviously  be  sufficient,  and  such  an  arrangement  will  often  answer  very  well 
in  small  houses.  In  large  establishments,  however,  there  may  be  great  fluctuations 
Avithin  the  building  itself,  due  to  strictly  local  causes.  For  instance,  the  main 
supply  remaining  unchanged,  the  extinction  of  all  the  lights  upon  one  floor  of  a 
large  "building  may  throw  a  much  increased  pressure  upon  the  burners  of  the 
remaining  floors.  Internal  changes  such  as  this  can  only  be  met  by  the  application 
of  a  governor  to  each  burner. 

The  modern  modifications  of  the  three  chief  forms  of  gas-burner  already 
enumerated  have  been  chiefly  due  to  the  attention  bestowed  upon  the  question  by 
Mr.  Silber,  Mr.  Sugg,  and  Messrs.  Bray. 

It  has  long  been  known  to  natural  philosophers  that  the  attainment  of  perfect 
combustion  requires  a  careful  adjustment  of  the  relative  quantities  of  fuel  and  of 
"  atmospheric  air ;  but  Mr.  Silber  was,  I  believe,  the  first  manufacturer  who  kept  this- 
requirement  constantly  before  his  mind  as  one  which  he  would  endeavour  to  fulfil. 
His  earliest  experiments  had  reference  entirely  to  burners  for  oil,  and  it  was  only 
after  having  brought  these  to  a  very  high  degree  of  excellence  that  he  conceived  the 
idea  of  applying  the  same  principles  to  bm-ners  for  gas.  He  found  by  many  careful 
trials  that  an  excess  of  fuel  over  air  produced  imperfect  combustion  by  lack  of 
oxygen,  while  excess  of  air  over  fuel  produced  imperfect  combustion  by  diminution 
of  temperature ;  the  ultimate  result  in  both  cases  being  a  smaller  amount  of  light 
than  the  quantity  of  fuel  which  was  dissipated  ought  to  furnish,  and  a  liberation  of 
compounds  more  or  less  noxious  or  unpleasant,  and  produced  by  the  sub-oxidation  of 
the  imconsumed  waste.  In  order  to  attain  the  best  possible  results,  he  constructed  an 
argand  burner  for  oil,  in  which  the  metal  parts  below  the  flame  were  of  sufficient 
length  to  warm  the  air  as  it  ascended  through  them,  and  in  which  the  air  admitted 
to  the  inner  portion  of  the  ring  was  made  to  pass  through  an  opening  of  carefully 
calculated  area,  and  then  through  and  around  a  vertical  tube,  by  which  a  portion 
of  it  was  guided  to  the  upper  portion  of  the  interior  of  the  flame,  where  it  arrived 
as  a  sort  of  reinforcement  to  that  which  had  gained  access  from  without,  and  which 
had  already  carried  the  combustion  to  a  certain  point.  The  results  thus  obtained 
will  be  more  particularly  described  in  speaking  of  oil  burners,  but  they  were 
sufficiently  good  to  lead  to  the  application  of  the  same  principles  to  gas,  and  thus, 
ultimately,  to  the  details  of  the  Silber-Argand  burner,  which  is,  according  to 
Professor  Wallace,  the  best  which  has  been  constructed. 

The  Silber-Argand  is  shown  of  full  size  in  elevation  in  Fig.  187,  and  in  section  in 
Fig.  188.  It  is  constructed  of  brass  and  steatite,  and  consists  of  tubes  so  arranged 
that  two  concentric  currents  of  air  have  access  to  the  inner  surface  of  the  gas  flame, 
and  two  to  the  outer  surface.  The  gas  is  admitted  into  a  lower  chamber  of  brass,  and 
from  thence  passes  into  a  cylindrical  chamber  of  steatite,  the  roof  of  which  is 
pierced  by  twenty-four  holes,  at  which  the  gas  escapes  to  feed  the  flame.    The  air 
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-gams  access  to  tLe  interior  of  the  flame  through  the  square  opening  shov^n  in  the 
■clrajring,  the  size  of  which  is  carefully  regulated,  and  passes  from  thence  both 
withm  and  outside  of  the  vertical  inner  tube  by  which  part  of  it  is  directed  to  the 
l.ighor  portions  of  the  flame.  It  is  by  this  graduation  and  division  of  the  air- 
:8upp  y  that  the  excellent  results  given  by  the  burner  are  attained.  It  is  commonly 
fitted  with  a  governor,  of  a  kind  which  requires  adjustment  as  the  pressure  of  the 
jas  varies  but  which  provides  for  the  maintenance  of  a  uniform  light  and  consump. 
tion,  to  whatever  extent  the  variation  may  be  carried.    Quite  recently,  these  burners 


Fig.  187.— Silber  Argand. 


Fig.  188.— Section  of  ditto. 


have  also  been  fitted  with  automatic  governors,  calculated  to  pass  either  five,  six,  or 
seven  cubic  feet  per  hour,  and  they  then  present  the  appearance  shown  in  Fig.  189. 
A  SiHaer  tubulated  burner  thus  fitted  requires  a  chimney  of  height  adapted  to 
its  consumption,  i.e.,  7-inch  for  five  feet,  8-inch  for  six  feet,  and  10-inch  for 
seven  feet. 

Mr.  Sugg's  argand  burner,  better  known  as  the  New  "London"  Argand,  is 
readily  distinguishable  from  others  by  the  body  of  the  burner  being  supported  upon 
three  fiaie  tubes,  through  which  the  gas  obtains  access  to  the  flame.  This  burner  is 
ihown  in  section  in  Fig.  190,  and  is  thus  described  by  the  maker  : — "At  the  point 
at  which  the  gas  enters  is  a  brass  nose-piece,  A,  screwed  to  fit  the  usual  three-eight 
thread,  intended  by  the  manufacturers  of  all  gas-fittings  to  receive  the  burner. 
This  is  drilled  through  its  length,  and  slightly  trumpeted  at  the  top  so  as  to  fit  the 
cone-shaped  piece  of  metal  projecting  from  the  roof  of  the  inlet  chamber,  a 

"  The  outside  of  the  upper  portion  of  the  nose  piece.  A,  is  screwed  to  fit  the 
Inside  of  the  inlet  chamber,  d,  and  thus,  by  an  adjustment  of  this  screw,  by  means 
of  paper  washers  put  on  the  shoulder  at  A  b,  it  is  possible  to  enlarge  or  decrease  the 
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area  of  the  passage  through  which  the  gas  has  to  pass  in  order  to  supply  three  tubes, 
of  which  only  two,  c  and  d,  are  shown  in  the  drawing,  by  which  it  is  further  con- 
ducted tc  the  combustion  chamber,  E.  This  chamber  is  made  of  steatite,  and  is 
pierced  by  a  number  of  holes,  so  arranged  as  regards  size  and  number  that  the 
quantity  of  gas  the  burner  is  required  to  con- 
sume shall  pass  out  at  an  inappreciable,  or  at 
the  least  possible,  pressure,  in  order  that  the 
oxygen  of  the  atmosphere — slowly  ascending 
through  the  centre  opening  T,  and  the  annulus 
formed  by  the  edge  of  the  air  cone  G,  and  the 
outside  of  the  combustion  chamber  e — shall 
combiae  with    the    burning  gas  by  natural 


rig.  189.— SUber  Argand  with  Automatic  Governor. 


Fig.  190.— London  Argand. 


affinity  only,  leaving  the  nitrogen  to  pass  freely  out  at  the  top  of  the  flame,  h  is 
one  01  the  three  springs  which  are  intended  to  keep  tlie  chimney  glass  steady  in  it^ 
place,  and  j  j  are  two  or  three  rests  for  a  screen,  globe,  or  moon,  as  may  be 
desired. 'V 

This  ''London"  argand  cUffers  from  that  of  Mr.  Silber  in  one  or  two  unim- 
portant features,  and  in  two  important  ones,  the  first  of  the  latter  being  that 
Mr.  Sugg  claims  to  obtain  his  results  by  so  arranging  the  supply  of  .^as  to  the 

Z  '''''  velocity,  \nd  at  as 

low  a  temperature  as  possible.  To  accomplisli  these  ends,  he  uses  such  a  con 
struction  that  the  total  area  of  gas  inlet  shall  be  less  th  n  the  to  al  al  of 
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gas  outlet,  or  perforation  openings  at  the  base  of  the  flame,  in  the  proportion  of 
about  one  o  six,  and  he  makes  his  upper  chamber  of  steatite,  as  L  the  Silbe 
burner    The  other  nnportant  difference  is  that  the  Sugg  burner  has  only  one 
channel  withm  the  flame. 


air 


Fig.  192. 


It  is  somewhat  curious  to  observe  that  no  claim  is  made  by  Mr.  Sugg  for  the 
regulation  of  the  air  supply,  and  that  no  claim  is  made  by  Mr.  Silber  for  the  regula- 
tion of  the  gas  supply.  The  two  inventors  appear  to  have  been  following  distinct 
tracks  of  investigation.  Mr.  Silber  has,  however,  arrived  also  at  the  point  indicated 
by  Mr,  Sugg,  having  ascertained  that  in  the  Silber  argand  the  gas  issues  at  a  veiy 
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low  pressure  or  velocity,  insomuch  that  the  registration  of  the  water-gauge  never 
exceeds  0-1 0th  of  an  inch,  and  is  often  scarcely  above  zero.  In  fact,  almost 
every  argand  burner,  when  in  actual  working,  must  have  its  inlet  area  smaller  than 
its  outlet  area.  It  would  be  impossible  to  use  any  argand  without  establishing  such 
a  condition  by  means  of  its  tap,  if  not  otherwise ;  and  it  will  be  found  practically 
that  the  conditions  insisted  upon  by  Mr.  Sugg  would  in  this  way  be  very  nearly 
ai'rived  at. 

Considering  the  time  and  care  wliich  would  be  required  for  experiments  for  the 
purpose  of  arriving  at  any  sound  conclusion  concerning  the  relative  merits  of 
diflerent  gas-burners,  and  the  extent  of  the  commercial  interests  which  are  involved, 
the  task  of  pronouncing  upon  these  merits  is  one  which,  to  any  single  writer,  would 
be  at  once  difficult  and  invidious.  T  am  therefore  highly  fortunate  in  being  relieved 
from  it  by  the  reports  which  have  been  presented  to  the  British  Association  for  the 
Advancement  of  Science,  in  the  years  1878  and  1880,  by  committees  specially 
appointed  for  the  piirpose ;  but  a  detailed  reference  to  these  reports  will  be  most 
conveniently  postponed  imtil  after  some  description  of  the  chief  forms  of  flal^llame 
burners  has  been  given. 

In  these  also  we  meet  Messrs.  Silber  and  Sngg  as  the  chief  competitors. 

The  SUber  batwing  (Fig.  191)  is  essentially  a  combination  of  two  common 
batwing  slits,  the  lower  of  which  feeds  a  little  vase  or  chamber  from  which  the 
upper  one  gives  outlet.  Hence  the  gas,  escaping  through  the  lower  slit  under 
pressure  from  the  main,  expands  somewhat  in  the  vase,  and  escapes  from  the  upper 
slit  into  the  flame  at  a  diminished  ^Dressure. 

The  Silber  "  Concordia"  burner  is  a  modification  of  the  fishtail  or  union  jet; 
and  its  name  seems  intended  to  imply  that  the  two  elements  by  which  the  expanded 
flame  are  produced  are  combined  more  harmoniously  and  more  perfectly  than  in 
any  of  the  earlier  forms.  There  have  been  several  previous  burners  in  which  the 
union  and  recipi'ocal  action  of  two  jets  of  gas  have  been  obtained  by  the  combination 
of  two  distinct  burners,  placed  at  an  angle  to  one  another,  instead  of  by  the  method 
which  has  lately  been  more  common,  of  making  two  separate  perforations  in  a 
single  jet.  In  this  way  much  more  light  has  been  obtained  than  could  be  given  by 
the  same  two  burners  arranged  independently ;  but  in  the  new  Silber  "  Concordia  " 
burner  the  two  small  burners  are  combined  in  one  nozzle,  altliough  separated  by 
an  intervening  wedge-shaped  piece  of  brass,  and  it  is  claimed  that  this  arrangement 
yields  results  which  surpass  all  previous  ones.  It  is  said  that  the  illumination 
yielded  by  this  burner  is  almost,  if  not  quite,  equal  to  that  of  the  two  best  forms  of 
argand.  Fig.  192  shows  the  burner  lighted,  thus  giving  the  size  and  shape  of  the 
flame;  and  Fig.  193  shows  a  recent  modification,  by  the  attachment  of  a  small  valve 
or  lever,  so  fixed  that  by  slight  raising  or  lowering  it  shuts  oflT  the  gas  from  one  of 
the  jets,  leaving  the  other  unaffected.  By  this  means  the  consumption  can  be 
reduced  when  much  light  is  not  required,  and  a  tendency  to  smoke,  which  is  common 
m  burners  of  this  class  when  the  flame  is  lowered,  is  obviated. 

The  Sugg  batwing  burner  has  recently  been  improved  by  an  altered  method  of 
cuttmg  the  sht  which  gives  issue  to  the  gas;  and  which  now,  by  means  of  a  circular 
saw  IS  made  to  curve  somewhat  upwards  at  its  extremities,  so  as  favourably  to 

'^hal  M   V        ?f       """f'''^  ^'"''*  improvement  is  the  addition  of 

-hat  M^r^Sugg  calls  a  'Hable-top,"  a  small  horizontal  plate  of  steatite  immedially 
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Lelow  the  slit,  by  which  the  flame  is  somewhat  contracted,  its  shape  modified,  and 
its  edges  are  rendered  more  luminous  and  more  steady. 

Many  years  ago,  Mr.  Scholl,  of  London,  adopted  the  system  of  placing  a  small 
plate  of  platinum  between  the  two  orifices  of  the  union  jet,  the  result  being  that 
the  initial  velocity  with  which  the  gas  escapes  is  spent  by  striking  against  the  plate, 
and  the  gas  ascends  in  a  somewhat  sluggish  flame,  which,  in  the  case  of  cannel  gas' 
has  a  tendency  to  smoke,  and  is  easily  blown  about  by  currents  of  air.  This  is  the 
case  also  with  all  union  jet  flames  burned  at  very  low  pressures,  and  practically  a 
jet  of  this  kind  cannot  be  burned  much  below  0-3  or  0-4  for  small  sizes,  and  0-5 
for  large  sizes  consuming  four  or  five  cubic  feet  per  hour.  Scholl's  "  Perfecter," 
as  he  has  called  it,  has  been  used  extensively  in  London  and  other  towns  for 
common  gas,  but  it  is  not  suitable  for  the  richer  gas  used  in  Scottish  towns.  It 
will  be  observed  that  the  principle  is  the  same  as  that  adopted  in  the  "Con- 
cordia "  bui'ner,  already  described  and  figured. ' 

If  two  batwing  flames  are  brought  together,  especially  if  the  slits  be  narrow,  the 
gas  of  low  quality,  and  the  pressure  somewhat  high,  the  illuminating  power  of  the 
united  flame  is  greatly  in  excess  of  the  sum  of  the  two  tested  separately.  Upon 
this  principle  is  constructed  a  double-slit  batwing,  the  slits  being  about  a  millimetre 
apart,  which  is  used  in  Manchester  and  other  towns  in  England,  and  which  is 
an  excellent  burner  for  gas  not  exceeding  20-candle  power,  but  which  gives  a  some- 
what smoky  flame  Avith  gas  of  high  quality. 

The  governors  attached  to  batwing  or  union-jet  burners  consist  of  small 
chambers,  placed  immediately  beneath  the  bui'ner  proper,  and  containing  a  disc  of 
metal  or  steatite,  which  is  raised  by  the  cui-rent  of  gas  in  such  a  way  as  to  diminish 
the  channel  through  which  it  obtains  access  to  the  flame.  As  the  pressure  is 
increased,  the  disc  is  raised  in  a  greater  degree,  and  the  channel  is  diminished  in 
proportion.  In  Mr.  Sugg's  governor,  the  disc  is  of  steatite,  and  there  are  small 
guiding  and  other  parts  subservient  to  the  better  working  of  the  contrivance,  which 
it  is  not  necessary  more  particularly  to  describe. 

Messrs.  Bray,  of  Leeds,  who  are  manufacturers  of  burners  on  a  very  large 
scale,  make  both  batwing  and  union-jet  or  fishtail  forms  of  excellent  quality 
in  relation  to  their  very  moderate  price.  They  also  make  what  they  have  called  slit- 
union  burners,  in  which,  although  formed  by  a  slit,  the  shape  of  the  flame  resembles 
that  which  is  furnished  by  the  ordinary  union  jet.  The  table-top  of  Mr.  Sugg 
modifies  the  shape  of  the  flame  in  a  somewhat  similar  mannei'. 

The  only  other  batwing  that  requires  further  to  be  noticed  is  the  patent  regulat- 
ing batwing  used  in  the  United  States,  where  it  was  introduced  in  1871,  and  which 
is  practically  the  only  flat-flame  burner  capable  of  burning  advantageously  the  "  air 
gas "  made  by  saturating  air  with  the  vapour  of  petroleum  spirit.  It  consists  of 
a  very  much  elongated  iron  batwing  Avith  an  exceedingly  narrow  slit,  surrounded 
by  a  brass  tube  at  the  distance  of  about  two  millimetres ;  into  the  space  between 
the  two  gas  is  admitted  by  a  wide  orifice,  the  amount  being  regulated  by  a  screw, 
and  this  gas  ascends  entirely  Avithout  pressure,  Avhile  the  force  of  the  gas  issuing 
from  the  narrow  slit  spreads  it  out  into  a  fine  soft  flame.  This  burner  gives 
excellent  results  with  gas  of  all  qualities,  but  its  shape  is  not  adapted  to  the  gas- 
fittings  in  use  in  this  country,  and  it  has  not  been  used  here  except  for  air  gas  made 
for  private  houses. 
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CHAPTER  XLIII. 

RESULTS  OP  EXPERIMENTAL  TESTS  IN  GAS-LIGHTING. 

British  Association  Gas  Reports — Cannel  Gas  and  Common  Gas — Evils  of  Excessive  Gas  Consumption 
— Effects  of  Various  Pressures  and  Quantities  with  Flat-flame  Burners  and  Cannel  Gas — With 
Ai-gand  Burners — Absorption  of  Light  by  Globes —Variations  in  Pressure — Similar  Experiments 
with  Common  Gas — Effects  of  Heating  the  Gas  or  the  Air  Supply — Gas  Governors — Cost  of  Burners. 

The  reports  of  the  British  Association  committees,  already  referred  to,  deal  with 
the  respective  merits  and  advantages  of  most  of  the  foregoing  burners,  and  do  so 
upon  a  basis  of  perfectly  independent  experiment.  They  may  therefore  be  taken, 
to  a  very  great  extent,  as  trustworthy  guides  to  consumers. 

The  reports  already  issued  are  two  in  number.  The  first  of  them,  which  was 
read  at  the  Dublin  meeting,  is  published  in  the  volume  of  Transactions  for  1878 ; 
the  second,  which  was  read  at  the  Swansea  meeting,  was  published  in  the  Transac- 
tions for  1880.  The  first  committee  consisted  of  Dr.  William  Wallace,  Professor 
Dittmar,  and  Mr.  Thomas  Wills ;  the  second  committee  consisted  of  the  two  first- 
nauied  gentlemen  and  Mr.  John  Pattinson.  The  first  report,  which  has  reference  to 
cannel  gas,  was  drawn  up  by  Dr.  Wallace ;  the  second,  which  has  reference  to  the 
gas  obtained  from  common  coal,  was  drawn  uj)  by  Mr.  Pattinson. 

The  first  report,  presented  in  1878,  or,  as  it  is  more  correctly  described,  the  first 
part  of  the  report  taken  as  a  wholfe,  was  based  upon  experiments  with  the  cannel 
gas  in  common  use  in  Scotland,  which  has  an  illuminating  power  of  26  candles  or 
thereabouts ;  the  second  is  based  upon  experiments  with  London  gas,  which  has  an 
illuminating  power  of  16  candles  or  thereabouts.  The  practical  interest  of  the 
former  is  confined  to  the  dwellers  north  of  the  Tweed,  as  that  of  the  latter  to 
dwellers  south  of  the  Tweed ;  but,  as  this  book  is  intended  to  convey  information 
to  all,  it  -H^iU  be  desirable  to  give  a  summary  of  the  results  obtained  with  both  the 
forms  of  gas. 

In  some  introductory  observations,  the  report  states  that  the  fact,  has  long  been 
recognised  that  the  illuminating  power  of  coal  gas  depends  largely  upon  the  way  in 
which  it  is  burned.  Setting  aside  all  theories  about  the  source  of  the  illumination, 
whether  from  solid  highly-heated  particles  of  carbon  or  from  incandescent  gases,  the 
fact  remains  that  a  given  quantity  of  gas  may  be  burned  under  different  conditions, 
so  as  to  yield  widely-difi'erent  illuminating  efi"ects.  A  gas  made  from  bituminous 
coal  gave,  when  burned  by  Sugg's  patent  improved  London  argand  at  the  rate  of  5 
cubic  feet  per  hour,  the  light  of  14-81  candles.  The  same  quantity  burned  by 
a  union  jet  at  -5  inch  pressure  gave  11-46  candles;  and  by  a  union  jet  at  1-5  inch 
pressure  3-66  candles;  these  quantities  corresponding  to  100,  77,  and  25.  Pattinson 
states  that  burners  are  in  extensive  use  in  Newcastle  which,  for  5  cubic  feet  of  o-as 
give  a  light  equal  to  only  3-75  candles  ;  while  the  same  gas,  burned  in  good  argaml 
"burners,  gives  for  the  same  consumption  17-75  candles,  and  in  good  union  or  fishtail 
burners  12-5  candles.  In  the  case  of  camiel  gas,  the  variations  are  not  so  extensive- 
but  the  following  illustrates  the  effect  of  pressure  alone  in  influencing,  the  lio-ht 
obtamed,  the  burners  being  of  the  same  kind  in  each  case,  but  with  orifices  cal 
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culated  to  deliver  5  cubic  feet  of  gas  at  the  diffevent  pressures.     At  -5  inch 
IJressiire  a  union  jet  of  the  best  construction  gave  a  light  equal  to  28-47  Candles 
while  at  1-5  inch  pressure  the  light  from  an  equally  good  union  jet  was  21 -14 
candles,  these  numbers  being  in  the  proportion  of  100  to  74.    In  these  instances 
the  quantities  of  gas  were  the  same,  five  cubic  feet  per  hour,  bub  if  we  take  smaller 
quantities  of  gas,  and  calculate  the  results  to  five  feet,  the  numbers  obtained  are 
still  more  remarkable.  The  following  is  quoted  from  Wallace's  paper  on  the  economic 
consumption  of  coal  gas,  all  the  burners  used  being  Bray's  "  adamas-tipped  "  union 
jets  for  cannel  gas.    A  number  0  at  1-5  inch  pressure  burned  two  cubic  feet  per 
hour,  and  gave  a  light  of  3-5  candles,  or,  for  five  cubic  feet  per  hour,  8-8  candles  ;  a 
number  8  at  1  inch  pressure  burned  7  -1  cubic  feet  per  hour,  and  gave  45  -4  candles,  or 
for  five  cubic  feet,  32  candles.  Between  ordinary  working  limits  of  pressure,  and  with 
equally  good  burners,  we  have,  therefore,  a  given  quantity  of  gas,  five  cubic  feet 
an  hour,  giving,  in  the  one  case,  32  candles,  and  in  the  other  8"8,  or  in  the  propor- 
tion of  100  to  27'5.    The  loss  of  light  here  shown,  amounting  to  72'5  per  cent,  of 
the  whole,  is  exceeded  when  still  higher  pressures  are  used,  and  it  is  greater  with 
common  that  with  cannel  gas.    A  remarkable  effect  is  produced  from  a  mixture 
of  cannel  gas  with  about  twice  its  bulk  of  air.    At  a  low  pressure,  in  an  argand  jet 
with  large  holes,  it  gives  a  fairly  luminous  flame,  while,  at  a  high  pressure,  3  or  4 
inches,  although  the  quantity  of  gas  consumed  is  three  times  as  great,  the  flame  is 
almost  non-luminous,  and  has  a  greenish  tint.    The  gas,  used  somewhat  extensively 
in  the  United  States,  made  by  saturating  air  with  petroleum  spirit,  requires  to  be 
burned  at  a  pressure  not  exceedmg  O'l  of  an  inch,  which  can  be  obtained  only  with 
an  argand  of  very  large  holes,  or  a  batwing  of  peculiar  construction,  called  the 
"  American  Regulating  Batwing."  *  At  ordinary  pressures,  such  as  are  used  for  coal 
gas,  there  is  scarcely  any  light,  and  the  flame  keeps  about  a  quarter  of  an  inch 
or  more  above  the  burner. 

It  is  not  only  on  the  score  of  economy  that  it  is  desirable  to  burn  gas  in  such  a 
manner  as  to  obtain  from  it  the  greatest  amount  of  light.  The  burning  of  a 
moderate-sized  jet  of  gas  produces  as  much  carbonic  anhydride  as  the  breathing  of 
two  grown-up  men,  and  as,  in  an  ordinary  apartment,  we  have  usually  from  three 
to  six  of  these,  the  air  becomes  vitiated  with  remarkable  rapidity.  It  is  therefore 
desirable,  in  relation  to  health,  to  obtain  the  illumination  we  require  with  the  least 
possible  expenditure  of  gas.  The  sulphur  in  gas  is  a  very  serious  drawback  to  its 
use.  In  burning,  it  is,  no  doubt,  converted  chiefly,  if  not  entirely,  into  sulphurous 
anhydride,  but  it  is  soon  further  converted  into  sulphuric  acid,  which  attacks  with 
avidity  all  the  more  readily  destructible  articles  in  the  apartment.  So  far  back  as 
forty  years  since,  the  efi'ects  of  the  sulphuric  acid  arising  from  the  combustion  of 
gas  upon  the  bindings  of  books  and  many  articles  of  furniture  was  noted,  and 
recent  experiments  have  sho^vn  that  leather,-  paper,  &c.,  in  ill-ventilated  apartments 
exposed  to  the  emanations  from  burning  gas  for  a  series  of  years,  contain  very  lai'ge 
quantities  of  sulphuric  acid.  One  of  the  reporters  had  occasion  recently  to  inves- 
tigate the  action  of  burning  gas  upon  cotton  goods  stored  in  warehouses  m  London, 
Manchester,  and  other  cities  and  towns,  and  found  that,  in  some  cases,  a  few 
months  were  sufficient  to  aff-ect  certain  colours,  while  within  a  year  enougli  sulphuric 
acid  was  absorbed  seriously  to  injure  the  strength  of  the  fabrics.    No  doubt  the  true 

*  Described  in  the  last  cbaijter. 
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remedy  for  this  evil  is  to  ventilate  the  warehouses ;  but  it  is  obvious  that  if  the  gas 
were  burned  in  an  advantageous  manner,  and  the  quantity  reduced  to  one-halt  or 
one-third,  the  damaging  effects  would  be  proportionately  lessened. 

The  gas  used  in  tlie  United  Kingdom  is  of  several  distinct  qualities.  The  best, 
or  Scotch  cannel  gas,  is  made  only  in  Scotland,  and  its  average  Hluminating  power 
may  be  stated  as  twenty-six  candles  for  a  consumption  of  five  cubic  feet  per  hour. 
In  London  a  cannel  gas,  of  about  twenty-three  candles,  is  used  in  small  proportion, 
and  in  Liverpool,  Manchester,  Carlisle,  and  probably  some  other  towns,  an  inter- 
mediate gas  is  manufactured,  of  about  twenty  candles.  The  common  gas  in  use  in 
London,  and  in  most  other  English  and  Irish  towns,  has  an  illuminating  power  of 
from  fourteen  to  sixteen  candles.  In  the  reports,  the  investigations  have  been 
confined  to  the  first  and  last  of  these  varieties— the  cannel  gas  of  twenty-six,  and 
the  common  gas  of  sixteen  candles.  In  the  case  of  cannel  gas,  the  standard  is 
found  by  testing  the  gas  by  a  union  jet  consuming  five  cubic  feet  at  a  pressure  of 
0-5  of  an  inch,  while  the  common  gas  is  tested  by  Sugg's  London  Argand,  con- 
suming five  feet  per  hour  at  a  pressure  of  about  0-05  of  an  inch. 

In  testing  flat  flames,  the  custom  has  invariably  been  to  present  the  flat  side  to 
the  disc  of  the  photometer,  but,  although  the  results  thus  obtained  are  satisfactory 
in  comparing  one  flat  flame  with  another,  they  cannot  fairly  be  compared  with  those 
of  the  flames  which  give  an  equal  light  all  round.  The  edge  of  a  flat  flame  gives 
considerably  less  light  than  the  side,  but  the  difference  between  the  tAvo  depends 
very  much  upon  the  richness  of  the  gas,  or,  in  other  words,  upon  the  opacity  of  the 
flame.  A  flame  of  gas  of  low  quality  is  so  transparent  that  an  ordinary  newspaper 
can  be  read  through  it,  but  this  cannot  be  done  with  a  flame  of  cannel  gas  except 
at  the  lower  portion,  which  in  any  case  offers  scarcely  any  obstruction  to  the  passage 
of  light.  The  following  example  may  be  given.  A  union  jet,  consuming  five  cubic 
feet  of  cannel  gas  at  0-5  inch  pressure,  gave  a  light  of  twenty-seven  candles  when 
tested  in  the  ordinary  manner  with  the  flat  side  towards  the  photometer  disc ;  but 
the  edge  gave  only  twenty-three  candles,  and  when  rotated,  so  as  to  give  the  flame 
every  position,  the  average  result  was,  as  nearly  as  possible,  twenty-six  candles, 
showing  that  the  ordinary  test  gave  one  candle  too  much,  or  nearly  four  per  cent. 
In  the  case  of  paraffin  flat-flame  lamps,  the  difference  between  the  front  of  the  flame 
and  the  average  all-round  varies  from  four  to  ten  per  cent.  In  the  latter  case,  the 
flame  is  intensely  opaque  and  of  a  deep  yellow  colour.  All  the  figures  given  in  the 
report  refer  to  the  flat  side  of  the  flame,  and  this  must  be  borne  in  mind  in  com- 
paring flat  with  round  flames. 

A  table  giving  the  results  obtained  with  the  cannel  gas  in  Bray's  union-jet 
burners,  without  any  means  of  controlling  pressure  in  the  burner  itself,  showed  that 
the  full  normal  result  of  twenty-six  candles  could  only  be  obtained  from  burners  of 
the  largest  sizes,  absolutely  consuming  five  cubic  feet  or  nearly,  and  when  the 
pressure  did  not  exceed  0  '5  inch.  At  higher  pressures,  these  large  burners  began  to 
blow.  The  small  burners,  consuming  from  a  little  over  one  foot  to  a  little  over  four 
feet  per  hour,  ranged  from  8*5  candles  to  23 '9  candles  at  0'5  inch  pressure  ^  from 
7-G  to  2246  at  one  inch  ;  and  from  6-8  to  19'73  at  1*5  inch.  At  the  last-named 
pressure,  the  three  largest  burners  were  disabled  by  blowing.  The  reporters  believe 
tliat  the  effects  of  pressure  would  have  been  still  more  remarkable  if  the  gas  had 
been  tested  at  lower  pi'essures  than  0-5  inch  and  at  higher  pressures  than  I'o. 
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As  in  practice  it  is  found  impossible  tn  rli"«fv;K„fo  i. 
1-2  or  1-5  of  an  inch  of  water,  vLTot  contrt^rcef  ff  ?  ^  ^"'"'T'  '''' 
current  have  been  invented.    AmoTruXn  etToTtl   ^    T  T^  ^'^^'^ 
is  that  of  Leoni,  consisting  of  aZss   J  .  t ^  tube^  fil  T^"''  ''''T' 

and  between  which  a  thin  film  of  cotton  wooTi  X  e  '^-^l-^' 
Uu-ner,  but-it  cannot  be  depended  upon  for  dlw      ^        "  '^'"^  -'^^'^ 

has  constructed  a  very  good  bume.  rmikr  "^"'"'^'''^  ^^'^^^ 

a  double  pi,  of  cotton^loth  ^^Z^Jl  ^ 

to  reduce  the  pressure.  The  same  manufacturer  has  m^-e  re  e't^^  ^ 
burner,  m  wh.ch  the  reduction  of  pressure  is  attained  by  passing  h  !a  Zu4 
;W  <      ^^.7--^--  Pl^^te  cemented  into  the  lower  pari  of  the Cnef  He  caut 

tt  othe  T    r   IT''       ''^^  one  intended  for  gene  al  use 

he  other  for  street  lamps,  in  which  the  orifices  are  somewhat  smallest  and  in  which 

consequently,  the  pressure  is  further  reduced.    Morley's  patent  burner  is  of  b  2; 

and  vase-shaped,  with  a  porcelain  top,  and  at  the  bottom'one  or  two  mall  or^c 

~:2n^^  !>?  >^  ^«  «i-ilar  in  principle,  but  more  compL^^d 

urXs  Tl    1  M  ^  ^^^^ff-^  ^-th  iron 

turnings,  into  which  an  ordinary  iron  union  jet  is  screwed.    There  are  others,  but 

all  have  the  same  object  in  view;  and  the  simpler  and  cheaper  burners,  sudi  as 
Biay  s  accomplish  it  as  successfully  as  those  of  more  complicated  construction,  and 
mnT  ^^!^T%?^^t^«'  for  a  series  of  comparative  trials,  all  being 

made  with  26-candle  gas.  Some  of  the  burners  referred  to  are  called  regulators 
but  this  IS  a  mere  name,  for  it  is  obvious  that  they  merely  obstruct  the  flow  of  aas' 
the  quantity  delivered  rising  as  the  pressure  is  increased.  In  Bray's  "Special" 
burners,  the  two  holes  forming  the  "union"  jet  are  placed  at  an  angle  of  about  120 
clem-"""  ° 


^oi'ees. 


A  table  of  the  results  obtained  by  trials  of  the  diflerent  sizes  of  Bray's 
regulator  jets  for  cannel  gas,  under  the  same  three  pressures  as  before,  shows  illu- 
mination varying  from  8  to  26-4  candles.  The  best  result  is  obtained  with  a 
large  burner,  consuming  3-8  cubic  feet  per  hour,  at  the  lowest  pressure  ;  the  worst 
mth  a  small  burner,  consuming  2  cubic  feet  per  hour,  at  the  highest  pressure. 
With  both  series  of  the  "Special"  burners,  in  which  the  pressure  is  much  reduced 
by  the  internal  arrangements,  the  best  results  were  obtained  at  1  inch,  while  at 
0-5  inch  the  flames  were  sluggish,  and  in  some  instances  showed  a  tendencv  to 
smoke. 

A  flame  formed  by  a  jet  of  gas  issuing  with  considerable  velocity  possesses  a 
certain  degree  of  stiffness,  and  resists,  to  some  extent,  the  influence  of  currents  of 
air.  This  is  particularly  necessary  in  the  case  of  cannel  gas,  since,  whenever 
the  flame  is  much  deflected  by  air  currents,  a  portion  of  the  carbon  arising  from  the 
■heating  of  the  richer  hydro-carbons,  e.c/.,  olifines,  benzole,  &c.,  passes  off  uncon- 
sumed,  and  a  smoky  flame  is  the  result.  In  practice,  it  is  necessary  to  sacrifice  a 
certain  proportion  of  the  possible  illuminating  value  in  order  to  give  the  flame 
sufficient  stiffness  to  resist  currents  of  air. 

Next  to  the  union  jet,  the  batwing  is  that  most  commonly  used  for  burning  gas. 
It  is  simply  a  little  tube  closed  at  one  end,  in  Avhich  a  slit  is  cut,  varying  in  breadth 
from  about  two-tenths  of  a  millimetre  to  one  millimetre.  It  is  made  of  cast  iron, 
brass,  porcelain,  or  steatite,  the  best  form  being  that  having  a  brass  body  and  a 


LOW-PRESSURE  BURNERS. 


439 


steatite  top.  The  iiame  of  the  batwing  is  wider  and  shorter  than  that  of  the 
union  jet,  and  in  order  to  be  equally  effective  requires  to  be  burnt  at  lower  pressures. 
It  is  particularly  adapted  for  large  flames  burning  from  3-5  to  5  cubic  feet  per 
hour.  With  rich  cannel  gas,  twenty-five  to  thirty  candles,  it  gives  results  at  least 
equal  to  the  union  jet,  and  with  gas  of  eighteen  to  twenty-two  candles  it  is  decidedly 
superior. 

A  series  of  five  steatite  batwing  burners,  manufactured  in  Germany,  and  con- 
suming from  1-1  to  4-05  cubic  feet  per  hour,  were  tested  under  the  three  pressures 
used  in  the  previous  experiments,  namely,  at  0-5,  I'O,  and  1-5  inch.  At  the  lowest 
pressure,  the  illuminating  power  ranged  from  19-27  candles  for  the  smallest  of  the 
series  to  23-57  for  the  largest;  at  the  medium  pressure  the  results  were  almost 
the  same,  but  the  largest  burner  was  disabled  by  blowing ;  and  at  the  highest 
pressure  the  illumination  of  the  three  smaller  sizes  was  diminished,  and  the  two 
larger  were  both  disabled. 

The  considerable  loss  of  light  experienced  when  gas  is  consumed  in  batwing 
burners  at  any  but  comparatively  low  pressures  has  given  rise  to  many  efforts 
to  combine  with  the  jet  an  apparatus  to  reduce  the  pressure  of  the  gas  before  it 
issues  from  the  narrow  slit.  Yarious  burners  having  obstructions  have  been  con- 
structed, of  which  Bronner's  is  one  of  the  best  known.  It  consists  of  a  somewhat 
pear-shaped  brass  body,  with  a  steatite  top  similar  to  those  of  which  the  results 
have  just  been  given,  and  at  the  bottom  a  small  piece  of  steatite  in  which  there 
is  an  oblong  slit.  There  are,  for  cannel  gas,  six  sizes  of  bodies,  the  sizes  depending 
upon  the  area  of  the  slits,  and  five  sizes  of  tops ;  and,  as  these  screw  into  one 
another,  there  are  thirty  possible  combinations.  In  none  of  these  combinations 
does  the  pressure  of  the  gas  at  the  point  of  ignition  exceed  0-5  of  an  inch  with  an 
initial  pressure  of  1-5  inch,  while  in  some  it  is  only  0-2,  and  in  some  it  is  so  low 
that  the  flame  smokes  and  is  useless.  The  rate  of  combu'stion  is  dependent  upon 
three  conditions — first,  the  area  of  the  opening  at  the  bottom ;  second,  tlie  area  of 
the  slit  of  the  burner ;  and  third,  the  initial  pressure  of  tlie  gas.  The  range  of 
combinations  renders  it  possible  to  select  a  burner  to  suit  almost  any  description  of 
gas  or  any  standard  of  pressure,  but  the  burners  are  not  adapted  for  lower  pressures 
than  one  inch.  For  common  gas,  i.e.,  of  fourteen  to  sixteen  candles,  a  different 
series  of  tops  is  provided,  in  which  the  areas  are  considerably  greater  than  those 
made  for  cannel  gas,  and  in  which  the  pressure  is  reduced  from  0-1  to  O'S  of  an 
inch.  These  burners  cannot  be  employed  for  cannel  gas,  although  with  common 
gas  they  are  exceedingly  effective,  and  are  mi;ch  in  use,  especially  in  London. 

A  table  in.  the  report  shows  the  action  of  each  of  the  thirty  combinations,  at 
initial  pressures  of  I'O  inch  and  of  I'S  inch,  with  the  26-caiadle  gas.  The  full 
illumination  was  obtained,  or  even  somewhat  exceeded,  at  1  inch  pressure,  with  the 
number  3  burner  and  the  number  4  top,  burning  2-13  cubic  feet  per  hour;  and  with 
the  number  5  burner  and  the  number  6  top,  burning  4-3  cubic  feet  per  hour;  all 
the  rest  falling  short  of  this  result,  and  ranging  from  19-36  candles  to  25-87.  At 
1-5  inch  initial  pressure,  an  illumination  exceeding  27  candles  was  given  by  three 
combinations,  number  3  burner  with  number  5  top,  and  also  with  number  6  top, 
and  number  3^  burner  with  number  G  top.  An  illumination  exceeding  26  candles, 
but  less  than  27,  was  given  by  five  combinations ;  and  in  only  three  out  of  the 
wliole  thirty  did  the  illumination  fall  below  20  candles.     These  three  were  number 
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i  top.  The  table  shows  that  it  is  easy,  with  properly-adjusted  batwing  burners  to 
eff  r;7^  ^~Pt-^  of  fro,u  three  to  five  cubic  feet  per  hour,  atleast  the  fuU 
effect  of  Illumination  exhibited  in  the  standard  mode  of  testing,  and  that,  even  with 
a  consumption  of  only  two  cubic  feet,  a  very  favourable- result  may  be  obtained;  In 
unionTetl  °  """''"'"^  ^™  '°  '^''^  badly-arranged 

Many  other  descriptions  of  improved  batwings  have  been  constructed,  some  of 
which  have  been  tested.  The  "Clegg"  batwing,  manufactured  by  Sugg,  has  a 
steatite  top  and  a  conical  brass  body  closed  at  the  bottom,  and  with  a  slit  cut  in  it 
with  a  fine  saw.  The  respective  sizes  of  the  slits  above  and  below  determine  the 
consuinption  of  gas,  and  the  pressure  at  the  point  of  ignition.  In  Silber's  batwin^, 
made  by  the  Silber  Light  Company,  one  burner  is  placed  above  another,  both  beinc 
ot  steatite,  the  slit  of  the  lower  one  being  much  smaller  than  that  of  the  upper  and 
connected  by  a  vase  of  brass.  Only  the  three  smallest  sizes  of  these  are  suitable 
tor  a  rich  cannel  gas,  the  larger  ones  being  intended  for  gas  of  lower  quality.  The 
best  of  four  sizes  of  the  Clegg,  at  0-5  of  initial  pressure,  gave  24-92  candles,  at  1-0 
inch  pressure  the  best  gave  24-19  caudles,  acd  at  1-5  inch  the  best  gave  2372 
candles.  The  best  of  the  three  small  Silbers,  at  the  same  three  pressures,  gave  25-5 
candles,  26 -17  candles,  and  27-2  candles,  thus  surpassing  the  performance  of  the 
Clegg  burners  by  0-62  candles  at  the  lower  pressure,  by  1-98  at  the  medium  pres- 
sure, and  by  3-48  at  the  highest  pressure. 

Several  varieties  of  regulating  batwings  have  been  invented  by  Sugg,  Witthoft, 
Winsor,  and  others,  the  principle  of  their  construction  being  to  check  the  flow  of 
gas  by  means  of  a  plug  regulated  by  a  screw.  At  a  given  pressure  in  the  pipes  the 
burner  may  be  regulated  to  deliver  any  desired  quantity  of  gas;  and  in  some 
experiments  with  the  Winsor  and  Sugg  burners  they  were  regulated  so  as  to  bum 
the  number  of  cubic  feet  per  hour  corresponding  with  the  number  marked  on  each 
burner,  and  for  which  it  was  supposed  to  be  specially  adapted.  The  highest  result 
obtained  from  the  Winsor  was  25-2  candles,  the  highest  from  the  Sugg  was  24-88 
candles.    The  former  was  burning  five  feet  per  hour,  the  latter  four. 

Argand  burners  are  exclusively  used  in  the  photometric  testing  of  common  gas 
and  they  are  also  employed  rather  extensively  for  lighting  shops  and  public  buildings, 
but  to  a  limited  extent  for  private  houses.  They  give  a  higher  photometric  effect 
with  common  gas  than  any  flat-fiame  burner  known ;  and  even  with  cannel  gas,  the 
best  descriptions,  especially  those  of  Sugg  and  Silber,  give  results  which  approach 
very  near  to  those  obtained  when  the  gas  is  tested  at  a  comparatively  low  pressure 
by  large-sized  fishtail  or  batwing  burners. 

The  original  form  of  argand  was  a  brass  double  cylinder,  with,  above,  an  iron 
ring  perforated  with  small  holes,  and,  below,  a  "  crutch,"  or  forked  tube,  by  which 
the  gas  was  introduced  at  opjiosite  sides.  A  wide  and  short  glass  chimney  was 
used,  ,but  this  was  afterwards  modified  in  a  variety  of  ways  with  a  view  to  making 
the  current  of  air  impinge  more  directly  upon  the  flame,  and  so  increase  the 
intensity  of  combustion.  The  holes  being  small,  the  gas  escaped  at  comparatively 
high  pressure ;  and  the  character  of  the  flame,  both  as  to  volume,  shape,  and 
luminosity,  depended  partly  upon  the  initial  velocity  with  which  the  gas  escaped 
from  the  burner,  and  partly  upon  the  shape  and  dimensions  of  the  funnel.  The 
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enlargement  of  the  holes,  allowing  the  gas  to  escape  at  a  moderate  pressure,  was 
propo°secl  by  the  late  Dr.  Letheby,  who  was  afterwards  associated  with  Mr.  Sugg,  by 
whom  many  improvements  in  argand  burners  have  been  introduced.  The  Letheby 
burner  raised  the  apparent  quality  of  London  gas  from  12  to  14  candles,  and  a 
further  increase  of  2  candles  was  obtained  by  Sugg's  London  Argand,  now  generally 
accepted  as  the  standard  burner  for  testing  gas  made  from  common  coal.  In  this 
burner  the  principle  is  recognised  of  permitting  the  gas  to  escape  practically  without 
pressure,  the  shape  and  volume  of  the  flame  being  determined  by  the  narrow  funnel 
and  a  "  cone "  of  thin  metal  which  serves  to  throw  the  current  of  air  into  close 
contact  with  the  outside  of  the  flame.  The  upper  portion  of  the  burner  is  of 
steatite,  and  instead  of  the  ordinary  crutch  below,  the  gas  is  introduced  by  three 
very  narrow  tubes.  A  number  of  sizes  of  this  burner  are  made,  but  the  following 
are  the  various  dimensions  of  the  standard  burner  used  in  photometry :  diameter  of 
steatite  top,  external,  -84  inch ;  internal,  -47  inch ;  number  of  holes,  24  ;  diameter 
of  holes,  -04  inch;  the  chimney  6  by  1-75  inches  for  gas  of  14  candles,  and  6  by  2 
inches  for  gas  of  16  candles.  The  narrow  chimney  and  the  cone  restrict  the  quantity 
of  air  to  very  little  more  than  is  required  to  burn  the  gas,  thus  avoiding  the 
diminution  of  light  which  results  from  a  too  rapid  combustion,  and  also  from  the 
cooling  efi'ect  of  a  large  quantity  of  air.  The  pressure  of  the  gas  inside  the  steatite 
ton  is  considerably  less  than  O'l  inch,  and  that  required  to  pass  6  feet  per  hour 
through  the  complete  burner  is  0*2  inch. 

In  the  burner  introduced  by  Mr.  A.  M.  Silber  the  steatite  top  with  wide  holes, 
about  1  millimetre  or  0'04  inch,  is  also  adopted,  but  the  body  of  the  burner  is 
considerably  prolonged,  and  the  so-called  "  cone "  is  long  and  cylindrical,  with 
a  curved  top.  A  very  essential  feature  in  the  Silber  argand  is  au  air-tube  intro- 
duced into  the  centre  of  the  jet,  which  is  said  to  carry  a  portion  of  the  air  to  the 
upper  part  of  the  flame,  and  which  certainly  has  a  remarkable  effect  in  steadying  it. 
The  chimney  is  7  or  8  by  1-75  inches,  and,  in  consequence  of  the  form  of  the 
"cone,"  is  kept  so  cool  at  the  bottom  that  it  may  be  handled  without  difficulty 
while  the  flame  is  burning.  Funnels  of  10  inches  high  are  also  used,  but  while  the 
consumption  of  gas  is  thereby  increased,  the  illuminating 'power  per  cubic  foot  of 
gas  remains  almost  constant.  Mr.  Silber  has  recently  discovered  the  remarkable 
fact  that  a  globe  or  vase,  placed  below  his  argand,  increases  the  illuminating  power 
considerably  ;  and  his  statement  has  been  verified  both  as  to  common  and  to  cannel 
gas,  the  increase  with  the  former  being  about  one  candle,  with  the  latter  about 
a  candle  and  a  half.  The  effect  of  placing  a  vase  below  an  ordinary  union  jet  was 
also  tried,  but  no  increase  of  light  was  obtained,  while  the  flame  showed  a  distinct 
tendency  to  "  blow."  That  the  flame  of  the  argand  should  have  its  illaminating 
power  increased  6  per  cent,  by  passing  the  gas  through  a  glass  vase,  or  cylindrical 
metal  box,  which  answers  the  purpose  equally  well,  is  a  phenomenon  which  appears 
to  be  at  present  incapable  of  explanation. 

Photometric  tests  were  applied  to  nine  varieties  of  argand  with  cannel  gas  of 
2G-candle  power.  From  3  to  4  cubic  feet  of  gas  per  hour  were  burned  in  each  case, 
and  the  results  calculated  to  the  usual  standard  of  5  feet.  The  worst  performance 
was  that  of  a  German  porcelain  argand,  with  cone  and  40  small  holes,  which  o^ave 
only  17-80  candles.  Excepting  the  Silber  burners,  the  best  was  Sugg's  London 
argand,  with  24  holes,  cone,  and  regulator,  which  gave  22-40  candles.  °The  Silber 
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burners  came  next,  each  fitted  with  steatite  top,  cone,  and  central  tube.  That  with 
40  hoh.s  was  only  a  fraction  better  than  the  London  argand,  giving  22-54  can  le 
The  33  hole  burner  gave  23-08  candles,  the  24  hole  gave  24-04,'and  the  latter,  wS 
glass  vase  beneath,  gave  25-61,  thus  surpassing  the  London  argand  by  3-21  cJnIles 
and  afic.-dxng  nearly  the  full  amount  of  light  which  the  gas  was  capable  of  giv  n^ 
In  another  senes  of  trials,  the  Silber  argand  was  again  a  little  in  advance  of  the 
best  Sugg,  and  1-5  candle  m  advance  of  that  which  had  the  same  consumption. 
It  must  be  remembered  that  none  of  these  burners  were  constructed  for  cannel  but 
all  for  common  gas;  although  the  performance  of  the  Silber  burner  shows  that 
It  IS  well  adapted  for  the  former  also. 

Experiments  were  made  to  ascertain  the  loss  of  light  resulting  from  the  use  of 
globes  of  different  kinds  and  of  various  shapes.  The  loss  is  always  considerable,  and 
m  many  cases  excessive,  and  it  results  partly  from  the  absorption  of  light  from  the 
material  of  the  globe  and  partly  from  the  draught  caused  by  the  ascension  of  the 
heated  air  in  the  confined  space.  As  regards  material,  a  piece  of  clear  window 
glass  held  ui  front  of  a  gas  fiame  diminishes  the  light  to  tlie  extent  of  about  10  per 
cent. ;  but  in  the  case  of  a  clear  globe  the  loss  is  in  some  cases  less,  owing  to  the 
reflection  from  the  surface  farthest  from  the  photometer.  Globes  frosted  or  ground 
all  over,  technically  known  as  "moons,"  absorb  about  25  per  cent,  of  the  light 
when  well  shaped,  and  opal,  or  "cornelian,"  globes  40  to  50  per  cent.,  according°to 
the  thickness  and  quality  of  the  glass.  The  following  results  were  obtained  with 
globes  of  different  sizes  ground  all  over,  and  show  the  effect  of  increased  draught  in 
diminishing  the  light : — 

A  6-incli  glnho  c-msoil  a  loss  of  25  per  cent. 
A  7-0-inch     ,,  ,  „  27-5 

A  10-inch      „  .,  „  38 

All  these  globes  had  the  usual  sized  opening  below,  about  1-75  inch  in  diameter. 

Experiments  were  made  Avith  clear  7-5-inch  gloljes,  having  openings  below  varying 
from  2|  inches  to  1  inc^li  in  diameter.  The  source  of  light  was  a  Bronner  batwing, 
No.  5  top,  No.  4  bottom,  burning  under  a  pressure  of  1  inch  3-35  cubic  feet  of  gas. 
The  naked  flame  gave  a  light  of  16-8  candles,  and  it  was  then  tested  behind 
a  succession  of  clear  globes,  differing  only  in  the  diameter  of  the  loAver  ojDening. 
With  an  opening  of  2-375  inches,  the  light  was  15-4  candles,  or  a  loss  of  8-3 
per  cent.;  with  2-23  inches,  it  was  15-2  candles,  or  a  loss  of  9-5  per  cent.;  with 
2  inches,  13-6  candles,  or  19  per  cent. ;  with  1-5  inch,  13  candles,  or  22-6  per  cent. ; 
and  with  1  inch,  12  candles,  or  28-6  per  cent.  "With  the  two  larger  sized  openings 
the  flame  was  perfectly  steady,  with  the  2-incli  opening  there  Avas  a  slight  flicker 
caused  by  the  draught ;  this  was  more  marked  with  the  1  -5-inch  opening,  making 
the  flame  practically  useless  as  a  source  of  light.  It  is  evident,  therefore,  that  the 
openings  of  the  globes  should  be  as  wide  as  possible,  and  not  less  than  2-5  inches. 
The  cornelian  globes  used  in  Bronner's  system  of  gas-lighting  have  an  opening 
of  2-375  inches  in  diameter;  and  Sugg  has  introduced  globes  of  similar  material, 
which  he  calls  albatrine,  but  with  openings  of  4-125  inches  in  diameter.  These 
globes  are  constructed  of  various  sizes  to  suit  certain  burners,  both  batwing 
and  argand,  and  the  combinations  are  known  by  certain  names,  as  the  "West- 
minster,"  "Viennese,"   "Frankfort,"   "  Italienne,"  "  Parisienne,"  &c.     Some  of 


COMMON  GAS. 


443 


these  arrangements  are  fitted  with  argands,  and  some  with  batwmgs,  and  some  have 
attaclied  to  them  regulators  with  the  intention  of  maintaining  a  constant  pressure.^ 

One  of  the  difficulties  connected  with  gas  illumination  is  that  the  pressure  m 
the  mains  varies  considerably  in  different  parts  of  a  town,  and  at  different  hours  of 
the  day  and  night.  One  result  is  that  a  system  of  lighting  adapted  for  a  part  of  a 
town  situated  at  a  low  level  will  show  inferior  results  in  a  more  elevated  situation. 
A  rise  of  10  feet  gives,  roughly,  a  tenth  of  an  inch  of  increase  of  pressure,  so  that  it 
may  easily  happen  that  in  the  same  town  or  city  the  pressure  in  one  place  may  be  one 
inch,  while  in  another  it  may  be  2-5  inches.  Again,  the  pressure  of  the  gas,  as 
sent  out  from  the  gasworks,  is  altered  from  time  to  time  in  accordance  with  the 
consumption;  and  as  public  works,  shops,  &c.,  are  suddenly  lit  up  or  extinguished 
at  certain  hours,  private  consumers  are  annoyed  in  the  one  case  by  a  sudden 
falling-off  in  the  amount  of  light,  and  in  the  other  by  a  flaring  flame  and  hissing 
sound,  both  of  which  are  very  irritating.  The  cure  for  these  evils  is  found  in  the 
use  of  governors  or  regulators.  Every  district  of  a  town,  the  elevation  of  which 
is  such  as  to  affect  appreciably  the  pressure  of  the  gas,  should  have  a  governor, 
which  may  either  be  self-acting,  to  maintain  a  constant  pressure  throughout  the 
day,  or  to  vary  sympathetically  with  the  governor  at  the  gasworks.  Many  of 
these  have  been  invented,  among  which  may  be  mentioned  those  of  Cathels,  Peebles, 
and  Foulis.  The  pressure  in  the  mains  should  not  be  reduced  below  1  -2  or  1  -4  of 
an  inch,  but,  inasmuch  as  anything  more  than  that  is  too  high  a  pressure  for  the 
economical  burning  of  gas,  each  house  shotild  have  a  regulator  in  order  to  reduce 
the  pressure  constantly  to  about  0-7  or  0-8.  Some  of  these  regulators  are  dependent 
on  the  action  of  the  gas  upon  a  broad  leather  disc,  attached  to  which  is  a  ball  and 
socket  valve,  while  others  have  metal  or  glass  bells  floating  in  mercury,  and  acting 
upon  a  valve  of  the  same  kind.  Both  of  these  work  satisfactorily.  Among  the 
best  dry  regulators  are  those  of  Sugg  of  London,  and  Peebles  of  Edinburgh,  while 
probably  the  best  mercurial  regulator  is  that  of  Busch  of  Oldham.  In  the  case  of 
public  works  and  other  buildings  consisting  of  several  floors,  a  regulator  should  be 
placed  in  each  floor,  and  one  should  be  placed  on  each  street  lamp,  for  which  a 
special  form  is  constructed.  The  best  street-lamp  regulators  made  in  this  country 
are  those  of  Peebles  and  Sugg,  but  a  very  admirable  little  instrument  called  a 
rheometer  is  extensively  used  in  Paris,  and  has  been  tried  with  tolerably  successful 
results  in  several  of  our  own  cities.  It  is  the  invention  of  M.  Giraud  of  Paris,  and 
it  differs  from  the  regulators  which  maintain  a  constant  pressure  in  delivering  a 
constant  volume  of  gas,  with  any  size  of  burner,  and  under  any  pressure,  provided 
that  this  is  not  less  than  0-7  or  0-8,  and  that  the  burner  is  sufficiently  large  to  pass 
the  requisite  quantity.  The  recently-invented  "Needle"  governor  of  Peebles  is 
similar  in  principle,  and  maintains  a  given  volume  df  gas  with  remarkable  con- 
stancy. 

The  second  part  of  the  report,  which  was  presented  at  the  meeting  of  the 
Association  at  Swansea,  deals  with  the  burning  of  what  is  known  as  common  gas, 
or  gas  made  from  the  common  bituminous  coal  of  tlio  Newcastle  and  other  coal- 
fields, or  from  this  class  of  coal  mixed  with  a  small  quantity  of  cannel  coal,  and 
having  an  illuminating  power  equal  to  sixteen  standard  sperm  candles  when  con- 
sumed at  the  rate  of  five  cubic  feet  per  hour  in  Sugg's  No.  1  London  Aro-and 
burner,  the  standard  burner  adopted  in  London  by  the  London  gas  referce.s,°and 
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pre  cnbed  in  nearly  all  the  recent  Acts  of  Parliament  of  gas  companies  This 
quahty  of  gas,  or  gas  varyxng  f.om  fourteen  to  sixteen  candles^llunJating  powe 
IS  clnefly  used  m  London,  and  in  most  towns  in  England  and  Ireland.  ' 

The  prmcipal  condition  to  be  observed,  in  order  to  develop  the  maximum  amount 
of  light  from  coal  gas  xs  to  supply  the  flame  in  a  svMoMe  manner  with  just  a 
sufficient  amount  of  air  to  effect  the  complete  combustion  of  the  gas.    If  coal  .as 
IS  lighted  as  It  issues  under  a  low  pressure  from  the  end  of  a  gas-pipe  from  whlh 
the  burner  has  been  removed,  it  burns  with  a  long  iiTegular-shaped  flame,  givin. 
off  much  smoke  and  yielding  a  dull  yellowish  light  of  very  little  intensit;  Th^ 
gas  has  to  ascend  to  a  considerable  height  before  it  meets  with  sufficient  air  to 
consume  It  completely,  and  the  upward  currents  created  by  the  heat  waft  the 
anguid  flame  about  in  all  directions,  and  cause  it  to  give  off  suioky  particles.  On 
the  other  hand.  If  the  gas  is  forced  under  considerable  pressure  through  a  very 
small  orihce  or  very  narrosv  slit,  it  burns  with  a  thin  Muish  flame,  mthout  visible 
smoke,  and  yielding  very  little  light.    The  small  rapid  stream  of  gas,  by  virtue  of 
the  force  with  which  it  issues,  becomes  mixed  all  at  once  with  such  an  excessive 
amount  of  air  that  the  carbonaceous  constituents  of  the  gas,  instead  of  bein- 
partially  separated  and  made  incandescent,  are  converted  at  once  into  carbonic  acid 
m  a  flame  having  little  or  no  luminosity,  just  as  when  gas  is  burned  in  a  Bunsen 
burner.    These  illustrate  two  cases  in  which  air  is  supplied  to  a  flame  in  an  un- 
suitable manner,  one  in  which  air  is  supplied  too  slowly,  and  the  other  in  which  it 
IS  too  rapidly  mixed  with  the  gas.    As  in  flat-flauie  burners  the  air-supply  is  chiefly 
regulated  by  means  of  the  pressure  under  which  the  gas  is  allowed  to  issue,  it 
necessary  to  avoid  these  two  extremes  in  order  to  develop  the  ligh1>giving  properties 
of  the  gas.    The  dimensions  of  the  orifice  through  which  the  gas  issues  froai  such 
burners,  and  the  velocity  with  which  it  issues,  should  be  so  adapted  to  each  other 
that  the  gas  in  burning  is  brought  into  contact  with  the  air  in  such  a  manner  that 
the  heat  developed  from  a  portion  of  the  burning  gas  raises  the  remainder  to  a  high 
state  of  incandescence  before  it  is  ultimately  entirely  oxidised.    The  quality  of  a 
flat-flame  burner  depends  almost  entirely  upon  the  extent  to  which  this  condition  is 
fulfilled.    In  argand  burners,  or  at  any  rate  in  those  of  the  best  construction,  the 
due  supply  of  air  is  admitted  to  the  interior  and  exterior  of  the  cylinder  of  flame, 
and  regulated  by  means  of  the  chimney  and  cone,  the  gas  being  allowed  to  issue 
from  the  burner  under  little  or  no  pressure.    A  more  complete  control  is  thus 
obtained  over  the  air-supply  than  is  possible  in  the  case  of  flat-flame  burners,  and 
it  is  probably  on  this  account  that  more  light  can  be  developed  from  common  gas 
when  burned  in  good  argand  burners  than  when  burned  in  ordinary  quantities, 
in  flat-flame  burners. 

The  effect  of  the  pressure*under  which  gas  is  caused  to  issue  upon  the  air-su])p]y, 
and  consequently  the  amount  of  light  emitted,  was  shown  by  the  results  of  a 
series  of  experiments  made  with  union  jet  and  batwing  burners  having  orifices  of 
various  dimensions,  and  un})rovided  with  any  means  of  checking  pressure.  The  gas 
was  caused  to  pass  througli  them  at  different  pressures  by  means  of  a  weighted  gas- 
holder, and  was  equal  to  sixteen  candles  when  tested  in  the  usual  manner  with  the 
London  argand.  The  union  jets  employed  were  of  three  sizes,  the  SDialler  with 
holes  of  0-024  inch  in  diameter,  the  medium  with  holes  0-032  inch  in  diameter,  and 
the  largest  with  holes  O'O  tS  inch  in  diameter.   The  tables  of  the  results  are  leiigtliy, 
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but  it  was  shown  that  the  small  quantity  of  gas  passing  through  -^o.  1  jet  became 
so  mixed  with  air  that  even  at  0-5  inch  pressure  the  light  emitted  when  burning 
1-6  cubic  feet  per  hour  was  only  equal  to  one  candle,  or  3-1  candles  when  calculated 
for  5  feet  consumption  of  gas.  When  the  pressure  was  increased  to  1  -5  inches  the 
results  were  still  worse,  for  3-2  cubic  feet  of  gas  per  hour  were  burned  with  the 
production  of  light  equal  to  1-2  candle,  or  only  1-9  candle  per  5  cubic  feet  of 
gas.  With  the  larger-sized  union  jets,  the  results  were  better,  No.  6,  when  con- 
suming 3-8  cubic  feet  of  gas  at  0-5  inch  pressure,  giving  a  light  equal  to  9-6  candles 
per  5  feet  of  gas.  This  amount  of  gas,  3-8  cubic  feet,  when  issuing  under  0-5 
pressure,  is  not  mixed  with  so  much  air  as  the  3-2  cubic  feet  issuing  under  a  pressure 
of  1  -0  inch  from  the  No.  1  burner. 

Four  batwings  were  used  in  the  experiments — No.  2,  with  a  slit  0-008  inch  wide ; 
No.  4,  with  a  slit  0-012  inch  wide;  No.  6,  with  a  slit  0-014  inch  wide;  and  a  fourth,  not 
designated  by  a  number,  with  a  slit  0-020  inch  wide.  On  comparing  the  result  of 
burning  6-4  cubic  feet  of  gas,  issuing  from  No.  2  batwing  under  a  pressure  of  1-5 
inch  with  the  result  of  burning  the  amounts  of  gas  nearest  to  this  amount  in  the 
case  of  each  of  the  other  burners,  it  was  seen  that  the  illuminating  power  increases 
as  the  pressure  required  to  send  the  desired  amount  of  gas  through  the  burner 
decreases,  or,  in  other  words,  the  illuminating  power  is  increased  as  the  gas,  issuing 
with  less  velocity,  is  thus  mixed  or  brought  into  contact  with  less  air. 

It  was  also  observed,  taking  both  series  of  experiments,  that  in  the  case  of  each 
burner  there  is  a  certain  consumption  and  a  certain  pressure  which  give  the  best 
result,  and  that  at  all  other  consumptions  and  pressures  above  or  below  this  the 
results  are  worse.  No.  6  union  jet,  for  instance,  gave  the  best  result  when 
consuming  3  -8  cubic  feet  of  gas  under  0  -5  inch  pressure ;  No.  2  batwing  gave 
the  best  result  when  consuming  2-8  cubic  feet  under  0-7  inch  pressure;  No.  6 
batwing  the  best  result  when  consuming  4-7  feet  of  gas  under  0-7  inch  pressure; 
and  the  large  batwing  when  consuming  9-3  cubic  feet  under  1-2  inch  pressure. 
There  is,  therefore,  a  limit  to  the  increase  of  the  illuminating  power  by  reduction  of 
pressure,  and  this  limit  is  reached  when  the  flame  ceases  to  have  a  somewhat  definite 
form,  and  burns  in  a  languid,  waving  manner,  showing  very  low  intensity  of 
combustion,  and  having  a  tendency  to  smoke.  In  such  cases  the  air  is  not  supplied 
sufficiently  for  vigorous  and  intense  combustion.  This  condition  is  especially 
illustrated  in  the  case  of  the  batwing  burners.  With  each  of  these,  the 
gas  issuing  under  the  lowest  pressures  used  produced  less  light  than  when  higher 
pressures  were  used.  Thus,  for  instance,  No.  6  burner  gave  a  light  equal  to 
only  9-3  candles  per  5  cubic  feet  when  the  gas  issued  under  a  pressure  of  0-3  inch, 
and  this  was  increased  to  13-5  candles  per  5  cubic  feet  when  the  pressure  was 
increased  to  0-7  inch.  Again,  with  the  large  batwing  having  a  slit  0-020  inch  wide, 
the  gas  issuing  at  a  pressure  of  0-4  inch  gave  light  equal  to  14-2  candles  per 
5  cubic  feet;  whilst  under  a  pressure  of  1-2  inch  the  gas  gave  a  light  equal  to  16-6 
candles  per  5  cubic  feet ;  a  result  even  better  than  that  of  the  standard  burner. 

Another  point  noticed  in  the  experiments  was,  that  as  larger  burners  are  used, 
and  larger  quantities  of  gas  burned,  the  illuminating  power  per  5  cubic  feet 
mcreases.  Although  the  chief  cause  of  this  improvement  is  the  better  apportion- 
ment of  the  gas-supply  to  the  air  as  regulated  by  pressure,  yet  the  increased  volume 
of  flame,  causing  greater  intensity  of  combustion,  and  preventing  tlie  coolino-  of  the 
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flame  by  the  surrounding  atmosphere,  is  doubtless  another  cause  which  contribnf., 
to  the  production  of  the  improved  result.  contubutcs 

It  has  often  been  asserted  that  if  gas  be  heated  before  it  is  burned  the 
xl  umxnatn.g  power  :s  improved,  and  some  experiments,  made  i.^  the  labor^y  of 
University  of  Munich  appeared  to  show  that  an  increase  of  18  per  cent  t  the  ilt 
F2^Zr%rT  'T''^"'       1-atingthe  gas  from  64.5  degrees  to  288  de""  s 

l^^tJ^^'''^        ^r"'  ^^^^  ^'^1^^^'^  -  the°construction  o!  g 

buinei  issued  inl8/l,  repeated  this  experiment,  and  found  no  appreciable  differeitce 
n  the  illumuiating  power  of  gas  on  heating  it  before  burning  from  about  69  de'e 

expei  men  .  The  gas  was  caused  to  pass  through  about  six  feet  of  copper  tubin. 
heated  to  dull  redness,  and  by  this  means  it  was  heated  from  58  degrees  up  to  S^S 
degi-ees,  as  aidicated  by  a  thermometer  placed  in  the  current  of  gas  within  six 
niches  of  the  burner.  It  was  found  necessary  to  open  wider  the  ta^,  of  the  mete^ 
as  the  temperature  rose  m  order  to  pass  exactly  the  required  quantity  of  5  cubic 
feet  per  hour,  the  heated  and  expanded  gas  requiring  more  time  to  pass  through 
the  burner  than  the  same  quantity  of  cold  gas.  Careful  observations  were  made  of 
tlie  Illuminating  power  as  the  temperature  rose.  The  result  was  that  no  appreciable 
difference  could  be  seen  in  the  illuminating  power  even  at  the  highest  temperature 
reached,  350  degrees  of  Fahrenheit,  thus  confirming  the  results  obtained  by  the 
London  gas  referees.  As  the  temperature  of  combustion  would  be  increased  by 
heating  the  gas,  and  consequently  a  higher  degree  of  incandescence  produced  some 
increase  of  the  illuminating  power  might  be  expected,  but  the  increase  of  temperature 
tried  (and  it  is  very  difficult  to  heat  the  gas  even  so  high  as  350  degrees)  is  evidently 
too  insignificant  to  produce  any  appreciable  increase  in  the  Hluminating  power.* 

An  experiment  to  try  the  effect  of  heating  the  air  supplied  to  the  burner 
was  more  successful.    The  air  was  supplied  from  a  holder  under  pressure.  It 
Mus  passed  through  a  heated  copper  tube,  and  thence  into  the  bottom  of  the 
standard  argand  burner,  Avhich  was  closed,  excepting  to  the  admission  of  the  lieated 
air.    A  thermometer  was  fixed  in  the  current  of  air  about  sbc  inches  from  the 
burner.     There  was  no  difficulty  in  heating  the  air  to  a  temperature  of  520 
degrees  Fahrenheit.    At  this  heat  the  soldering  of  the  apparatus  gave  way,  so  that 
no  higher  temperature  was  tried.    The  temperature  of  the  unheated  air  was  70 
degrees,  and  the  gas  used,  when  supplied  with  air  of  this  temperature,  gave  a  light 
equal  to  16  candles  per  5  cubic  feet  per  hour.    As  the  temperature  of  the  air  was 
increased,  the  illuminating  power  gradually  rose,  mitil  at  520  degrees  a  light  equal 
to  17-5  candles  was  jwoduced,  being  a  rise  of  a  candle  and  a  half,  or  about  9  per 
cent.,  for  an  increase  of  450  degrees  in  the  temperature  of  the  air-supply.    As  the 
amount  of  heat  supplied  by  the  heated  air  brought  into  contact  with  the  gas  and  the 
flame  is  considerable,  an  appreciable  effect  is  produced  on  the  temperature  of  the 
flame,  and  consequently  on  its  illuminating  power.    It  would  appear,  however,  that 
the  principle  of  heating  the  air-supply  is  not  likely  to  be  adopted  for  general 
lighting  purposes,  for  the  additional  light  which  any  practical  amount  of  heating 
would  obtain  would  probably  not  afford  compensation  for  the  cost  and  trouble 
attending  the  use  of  the  required  apparatus. 

*  This  conclusion  apjiears  somewhat  modified  by  the  more  recent  experiments  of  Messrs.  Siemens, 
the  results  of  which  are  described  in  the  next  chapter. 
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A  number  of  burners  of  various  kinds,  now  supplied  to  the  public,  were  tested 
with  common  coal  gas,  having  an  illuminating  power  equal  to  16  sperm  candles,  in 
the  ordinary  way;  and,  for  convenience  of  comparison,  the  results  obtained 
were  calculated  into  the  amount  of  light  for  a  consumption  of  5  cubic  feet  per 
hour  in  each  case, 

Messrs.  Bray  &  Co.  manufacture  a  great  variety  of  flat-flame  burners.  Their 
regulator  burner  checks  the  pressure  of  gas  in  the  mains  by  means  of  layers  of 
musUn  inserted  in  the  burner.  Theii'  "  special  "  burner,  in  addition  to  the  layers  of 
muslin,  has  also  a  piece  of  a  kind  of  porcelain,  containing  a  round  hole  of  less  area 
that  the  exit  orifices,  placed  below  the  muslin,  through  which  the  gas  passes  into 
the  burner.  These  "  regulator  "  and  "  special  "  burners  are  made  in  three  different 
forms — union  jets,  batwing,  and  a  modification  of  the  batwing  called  a  slit-union. 
Tlie  latter,  owing  to  a  pecuhar  chambering  out  of  the  head  of  the  burner,  forms  a 
narrower  and  higher  flame  than  the  ordinary  batwing,  and  is  therefore  better 
adapted  for  use  in  globes.  This  form  of  batwing  is  also  made  by  various  other 
makers.  Besides  the  burners  already  mentioned,  Messrs.  Bray  make  each  form 
•of  burner  of  high  lighting-power  and  of  medium  lighting-power,  and  they  recom- 
mend the  medium  lighting-power  burner  in  preference  to  the  others  for  general  use, 
a,s  having  less  tendency  to  smoke. 

The  tables  in  which  the  results  are  conveyed  are  too  lengthy  for  quotation, 
but  the  most  important  of  the  facts  stated  may  be  briefly  summarised.  The  burners 
selected  were  the  "  medium  lighting-power  regulator  union  jets,"  the  medium  "special 
union  jets,"  the  medium  "special  slit-unions,"  the  "high  lighting-power  special 
•union  jets,"  the  "high  lighting-power  special  slit-unions,"  and  the  "high  lighting- 
power  special  batwings."  Bray's  street  and  market  bui-ners  were  also  tested,  but 
these  have  no  bearing  upon  the  object  of  this  treatise. 

The  reporters  point  out  that  some  of  the  union-jet  burners  of  the  smaller  sizes 
give  very  poor  results  with  common  gas ;  and  the  tables  show  that,  with  the  medium 
power  regulator  unions,  No.  6  has  to  be  reached  before,  at  the  most  advantageous 
pressure,  a  light  of  10-4  candles  is  obtained.  With  the  mqdium  power  "special" 
union-jets.  No.  5  is  about  equally  good;  and  with  the  medium  power  "special" 
slit-unions  the  same  illumination  is  given  by  No.  1,  rising  to  15-3  candles  in  the  case 
of  No.  9,  by  which,  however,  in  order  to  attain  this  result,  the  absolute  consumption 
•of  gas  is  7-6  feet  per  hour.  The  high  Ughting-power  "  special"  union  jets  do  not 
differ  materially  from  the  last  named,  but  such  difference  as  exists  is  slightly 
in  their  favour.  The  high  lighting-power  "special  slit-unions"  range  from  12 
candles  for  No.  4,  consuming  3-2  feet  of  gas  at  0'5  inch  pressure,  to  the  full 
16  candles  for  No.  9,  consuming  10-8  feet  at  1-5  inch  pressure.  The  performance 
of  the  "special"  batwing  is  very  close  to  this;  and  generally  it  may  be  said 
that  the  larger  burners  are  superior  to  the  smaller  ones  of  the  series,  and  that  nearly 
all  of  them  give  the  best  results  when  consuming  from  5  feet  of  gas  per  hour 
upwards  to  10  feet  or  more.  They  do  not  ajjpear  to  meet  the  requirements  of  the 
•small  consumer,  however  well  adapted  for  ligliting  up  large  rooms  or  manufactories. 

The  Silber  Light  Company  make  flat-flame  burners  in  three  forms  single 

double,  and  triple  batwings.  A  wedge-shaped  piece  of  brass  is  inserted  between 
the  heads  of  the  two  latter,  for  the  purpose  of  directing  air-currents  to  the  flame. 
The  body  of  the  burner  in  each  case  is  large  and  vase-shaped. 
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Of  these  burners  it  may  be  said,  generally,  that  they  give  indifferent  results  at 
low  pressure,  0-5  of  an  nich,  good  results  with  a  pressure  of  1  inch,  and  excellent 
results  with  a  pressure  of  1-5  inch.  The  double  burners  give  smoky,  slu-^Lsh 
flames  at  0-5  inch,  and  the  triple  ones  even  at  1  inch.  At  the  hi-h  pressure 
however,  all  the  triple  burners  give  more  than  16  candles,  and  are  very  powerful 
inummants.  Por  absolute  consumptions  of  11,  11-5,  and  1.3-1  feet,  they  give 
30 -2,  38,  and  43-5  candles  respectively,  and  thus  seem  to  produce  more  lic^ht 
from  the  gas  than  any  of  the  other  forms  which  have  been  examined.  " 

Sugg's  "table-top"  burner,  already  described,  is  fitted  with  an  independent 
governor  as  part  of  its  construction,  and  one  of  these  burners,  with  a  pressure  in 
the  mams  of  2  inches,  consuming  12-3  feet  of  gas  per  hour,  gave  the  light  of  41-8 
candles,  or  17  candles  when  reduced  to  the  5-foot  standard.  Another  of  the  same 
kind,  under  the  same  pressure,  gave  only  15  candles,  so  that,  in  all  probability, 
slight  differences  in  tlie  contained  governor  may  be  sufficient  to  confer  upon  each 
burner  an  individual  character  and  capacity  of  its  own. 

A  variety  of  forms  of  Bronner's  burners,  already  described  under  the  cannel 
gas  part  of  the  report,  were  tested  also  for  common  gas,  but  did  not  appear  to  offer 
any  particular  advantages.  They  are  of  two  kinds— the  A-top  burners,  intended 
for  use  in  globes  with  common  gas ;  and  the  B-top  burners,  intended  for  use  without 
globes.  The  best  performance  of  the  former  did  not  exceed  13-7  candles,  while  that 
of  the  latter  reached  15-7  candles. 

Harrison's  "  Gas-light  Improver  "  is  a  device  similar  to  that  of  SchoU  applied 
to  union  jets.  It  consists  of  a  small  plate  of  thin  iron  placed  across  the  top  of  the 
union  jet  burner,  against  which  the  jets  of  gas  impinge,  tliereby  checking  the  force 
with  Avhieh  they  mingle  with  the  air.  When  the  "improver"  is  applied  to  a 
burner  with  small  holes,  and  when  the  gas  issues  under  considerable  pressure,  the 
light  results  are  better  than  when  no  "improver"  is  applied,  but  it  produces  no 
improvement  if  applied  to  a  good  burner  of  the  same  kind  in  which  the  pressure 
has  been  already  checked. 

Of  argand  burners,  those  manufactured  by  Silber  and  Sugg  were  tested,  each 
one  with  the  consumption  of  gas  for  which  it  is  best  fitted,  that  is,  Avith  the  largest 
quantity  which  it  will  burn  without  smoking.  By  carefully  controlling  and  dii'ecting 
the  air-supjjly,  as  in  these  burners,  much  better  results  can  be  obtained  than  with 
the  standard  argand  used  in  testing. 

The  Silber  argand  tried  Avas  one  marked  B.  It  was  used  with  chimneys  of 
different  heights,  by  means  of  which  various  quantities  of  gas  could  be  consumed. 
With  a  5- inch  chimney,  the  consumption  was  4*3  cubic  feet,  the  total  illumination 
14'1  candles,  and  the  illumination  per  5  cubic  feet  was  16*4  candles.  With  n 
7-inch  chimney,  the  consumption  was  5-7  cubic  feet,  the  total  illumination 
21  candles,  and  the  illumination  per  5  feet  was  18-4  candles.  Chimneys  of 
8,  9,  and  10  inches  raised  the  total  consumption  to  G'4  feet  for  the  first  and 
7-1  feet  for  the  two  last,  and  gave  total  illumination  of  23-8,  2G-2,  and  2G-6 
candles  respectively.  The  illumination  per  5  feet  of  gas  was  18-6  candles,  lS-5, 
and  18-7. 

Of  the  Sugg  argands,  a  series  was  taken,  of  the  kind  known  as  Sugg's  New 
Reading-lamp  Argands.  Each  burner  is  fitted  with  a  separate  governor,  to  control 
the  pressure  of  the  gas  in  the  mains.    The  series  consisted  of  ten  burners,  dis- 
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tinguisliecl  as  A,  B,  c,  D,  E,  F,  G,  H,  J,  and  K,  and  they  had  respectively  fifteen, 
eighteen,  twenty-one,  twenty-four,  twenty-seven,  thirty,  thirty- three,  thirty-six, 
fchii-ty-nine,  and  forty-two  holes  for  the  issue  of  the  gas.  ,  The  chimneys  of  the  first 
three  were  6  inches  in  height  ;  of  the  second  three,  7  inches;  of  burner  G, 
8  inches  ;  and  of  the  last  three,  9  inches.  The  absolute  consumption  of  gas 
ranged  from  3  "2  feet  to  8-5  feet,  the  absolute  illumination  from  9*6  candles  to  30-9 
candles,  and  the  illumination  per  5  cubic  feet  reached  18  candles  in  burner 
D,  18-3  in  G,  and  18-2  in  K,  the  remainder  ranging  from  15  to  17'9.  The 
comparison  was  therefore  slightly  in  favour  of  the  Silber  as  against  any  of  the  Sugg 
series,  though  not  enough  to  make  any  practical  difference.  The  report  does  not 
mention  whether  the  vase  under  the  burner,  which  gave  such  remarkable  results 
with  cannel  gas,  was  tried  with  common  gas  or  not. 

Although  a  greater  amount  of  light  can  be  obtained  from  the  burning  of  common 
gas  in  ordinary  quantities  in  good  argand  burners  than  can  be  obtained  by  the  use 
of  flat-flame  burners,  the  reporters  are  of  opinion  that  there  are  many  reasons  for 
thinking  that  the  latter  are  better  adapted  for  general  use,  and  that  they  will 
continue  to  be  much  more  used  for  general  lighting  purposes  than  argands.  In 
the  fii'st  place,  the  first  cost  of  the  argand  burner  is  necessarily  very  much  greater. 
The  cost  of  maintenance,  replacing  broken  chimneys,  &c.,  is  also  very  much  greater. 
Then,  again,  the  cleaning  of  the  chimneys  is  troublesome.  They  must  be  kept 
clean,  or  a  loss  of  light  will  result.  A  chimney  which  had  been  in  constant  use  for 
thirty  hours,  burning  Newcastle  gas,  was  so  dimmed,  by  the  deposition  of  what  is 
probably  sulphate  of  ammonia  on  the  inside,  that  half  a  candle  of  the  light  was 
intercepted.  If,  from  the  in-egularities  of  the  pressure  of  gas  in  the  main,  or  from 
other  cause,  a  larger  amount  of  gas  is  passed  through  the  burner  than  can  be 
thoroughly_consumed,  the  flame  gives  off  dense  smoke,  which,  if  not  at  once  stopped, 
produces  very  disastrous  effects  in  rooms.  Hence  it  is  almost  absolutely  necessary 
to  use  a  special  governor  to  each  burner,  which  adds  still  more  to  the  cost.  It  is 
only  when  the  consumption  of  gas  for  which  the  argand  burner  is  specially  adapted 
is  used,  that  the  higher  iUuminating  results  are  obtained.  With  smaller  amounts, 
the  loss  of  light  by  the  excessive  supply  of  air  which  then  enters  the  chimney  is 
much  greater  than  in  the  case  of  flat-flame  burners  of  good  quality.  In  the  standard 
argand,  for  example,  by  reducing  the  consumption  of  gas  from  5  to  2-5  feet  per 
hour,  the  illuminatmg  power  was  reduced  from  16  candles  to  5  candles  for 
5  cubic  feet. 

The  amount  of  light  lost  for  iUuminating  purposes  by  the  use  of  globes  was 
referred  to  in  the  first  part  of  the  report.    In  many  cases  tliis  loss  is  considerable 
and  the  use  of  globes  with  narrow  openings,  and  made  of  very  opaque  white  alass' 
should  be  avoided.    The  principal  advantage  of  the  use  of  globes  is  that  the  direct 
glare  of  the  flame  is  prevented,  and  the  light  is  softened  and  diffused  in  a  pleasant 

'^''''^'■•^JV'^^''''^''''*^*^''  ''^^""'^"^  ^  P«^*^^°^  «f  ligli'*  to  produce  this 
ettect  With  properly-made  globes  of  thin  milk-white  glass,  having  openin-s  of  not 
less  than  four  inches  at  the  bottom,  and  still  wider  ones  at  the  top,  the  loss  of  liaht 
can  be  to  a  great  extent  avoided,  the  light  being  reflected  by  the  white  surfaces* of 
tiie  interior  of  the  globe  through  the  wide  openings  both  upwards  and  downwards 
imnnrr^"^.  \  frequently  shown  in  the  report,  it  will  be  seen  how  verr 

important  it  is  to  have  complete  control  of  the  pressure  at  which  the  gas  is  supplied 
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to  the  burners,  m  order  to  develop  its  Ught-giving  properties  to  the  best  advanta-e 
The  first  part  of  the  report  points  out  the  various  causes  which  give  rise  to  the 
great  fluctuations  of  the  pressure  in  the  gas-mains.  In  many  towns,  the  pressure 
may  vary  from  less  than  an  inch  to  four  inches.  No  doubt  the  pressure  as  supplied 
to  the  burners  can  be  regulated  by  taps  at  the  burners  or  at  the  meter,  but  in  many 
situations,  where  the  pressure  alters  much  in  the  course  of  a  single  night,  this  is 
very  troublesome  to  attend  to,  and  in  most  cases  will  be  neglected.  It°is'best  in 
such  places  to  have  governors  which  act  automatically  by  the  pressure  of  the  gas. 

Besides  the  various  governors  already  mentioned  suitable  for  a  number  of 
lights,  it  is  now  possible  to  obtain  governors  suitable  to  be  applied  to  single  lights 
at  a  cost  within  the  reach  of  most  gas-consumers.  These  are  placed  near  the  burner, 
and  in  many  cases  form  a  part  of  the  burner.  In  situations  which  are  subject 
to  great  variations  of  pressure,  it  is  worth  while  on  the  score  of  economy  to  adopt 
such  burners.  Vastly  different  amounts  of  gas  are  passed,  often  imperceptibly, 
through  the  same  burner.  In  most  of  the  burners  tested  for  the  pxirposes  of  the 
report,  and  which  were  not  provided  with  means  for  checking  pressure,  the  tables 
show  that  about  twice  as  muclx  gas  passed  through  the  burner  at  1-5  inch 
pressure  as  passed  through  at  0-5  inch  pressure,  and  the  pressure  in  the  mains 
often  varies  more  than  this.  The  amounts  of  gas  passed  through  a  burner  without 
obstruction  for  checking  pressure,  with  and  without  a  governor,  were  as  follows  : — 
With  a  governor,  the  gas  passed  through  the  burner  amounted  to  2-6  cubic  feet  per 
hour  when  the  pressure  in  the  main  was  0-5  inch,  and  rose  to  4  cubic  feet  when  the 
pressure  in  the  main  was  increased  to  1  inch.  Further  increments  of  pressure, 
successively  to  2  and  3  inches,  produced  no  eSect.  Without  a  governor,  the 
consumption  of  gas  per  hour  was  4*9  cubic  feet  with  0-5  inch  pressure,  and  this  rose 
to  7-4  feet  at  1  inch,  to  ITS  feet  at  2  inches,  and  to  15-6  feet  at  3  inches.  Roughly 
speaking,  therefore,  in  the  case  of  this  burner,  a  governor  would  save  1,000  cubic 
feet  of  gas  in  every  ninety  hours  of  use  under  high  pressure. 

Single-burner  governors  are  now  made  by  Sugg,  Peebles,  Wright,  Borradaile,, 
and  others.  Many  of  them  regulate  the  pressure  by  the  rising  and  falling  of  a 
small  cup,  or  cone,  fitted  loosely  in  a  receptacle  through  which  the  gas  passes  on  its 
way  to  the  burner,  and  they  are  of  a  size  which  does  not  obstruct  the  doAvnward 
light,  and  of  a  form  which  does  not  ofiend  the  eye.  Several  of  these  have  been 
tested  at  pressures  varying  from  half  an  inch  to  three  inches.  From  the  exigencies 
of  their  construction,  they  do  not  act  absolutely  perfectly,  but  at  pressures  varying 
from  one  inch,  at  which  most  of  them  are  constructed  to  commence  to  act,  to 
three  inches,  the  amount  of  gas  they  allow  to  pass  to  the  burner  does  not  vary 
more  than  half  a  cubic  foot  per  hour.  Such  governors  are  of  very  great  service, 
not  only  in  preventing  waste  of  gas,  but  also  in  very  nearly  securing  what  is  so 
essential  to  the  development  of  the  maximum  amount  of  light,  a  uniform  supply 
of  gas  to  the  burner. 

The  reports  of  which  I  have  thus  presented  the  substance  in  a  condensed 
form,  exceedingly  instructive  and  no  doubt  entirely  trustworthy  as  they  are,  yet 
leave  untouched  several  points  of  interest,  which  it  is  possible  the  committee 
of  the  Association  may  see  their  way  to  deal  with  on  some  future  occasion.  One 
of  these,  for  exarnple,  is  the  question  of  the  relative  durability  of  difierent  burners ;  a 
question  upon  which  the  most  discrepant  statements  are  made  by  manufacturers. 
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One  will  assert  that  his  burners  are  practically  everlasting ;  another,  that  the  proper 
duration  of  life  of  a  burner  ranges  from  three  months  to  twelve,  and  that  they 
ought  to  be  frequently  replaced,  as  their  efficiency  undergoes  diminution.  It  is 
manifest  that  a  high-priced  burner,  if  it  is  not  calculated  to  be  also  a  durable  one, 
may  save  a  certain  amount  of  gas  and  may  yet  be  an  expensive  luxury  instead 
of  a  source  of  economy ;  so  that  the  consumer,  when  told  that  burner  A  will 
give  the  same  illumination  as  burner  b,  but  with  15  per  cent,  less  consumption 
of  gas,  should  ask  how  long  burner  A  will  remain  in  a  position  to  do  this  if  in 
constant  use,  and  also  what  is  its  cost  as  compared  with  the  other.  It  might  often 
happen  that  the  saving  of  gas,  although  real  enough,  was  not  sufficient  to  com- 
pensate the  consumer  for  the  higher  price  of  the  burner  by  which  this  saving  was 
to  be  effected.  Messrs.  Bray,  for  instance,  who  sell  burners  at  such  a  pi'ice  that 
they  can  be  supplied  retail  for  about  fourpence  apiece,  think  that  a  burner  ought 
not  to  be  expected  to  consume,  during  its  whole  life,  more  than  say  a  thousand  feet 
of  gas ;  and  hence,  on  this  calculation,  one  which  cost  eightpence  ought  to  effect 
a  saving  of  cent,  per  cent,  in  order  to  stand  upon  the  same  level  with  the  first ; 
or  should  consume  double  the  quantity  of  gas  with  the  saijve  degree  of  efficiency  and 
economy. 

When  regarded  from  this  point  of  view,  the  batwing  burners  stand  at  a  mai-ked 
advantage  as  compared  with  the  ordinary  union  jets.  The  surface  of  the  union  jet  is 
a  little  Clip  or  concavity,  in  which  two  fine  openings  are  drilled,  and  the  cup  forms  a 
convenient  receptacle  for  small  particles  of  air-borne  dust,  which  collect  within  it 
and  are  difficult  to  remove.  Such  particles  interfere  with  the  issuing  streams  of  gas, 
and  check  the  activity  of  combustion,  and  on  this  account  they  furnish  surfaces  upon 
which  unconsumed  carbon  may  be  deposited.  It  follows  that  a  union  jet,  however 
excellent  when  it  is  clean  and  brand  new,  soon  begins  to  fall  off  in  its  performances, 
and  becomes  decidedly  inferior  to  other  forms.  On  account  of  the  cup-shaped, 
surface,  and  of  the  position  of  the  orifices,  the  accumulations  of  dirt  referred  to  are 
difficult  to  remove.  With  the  batwing,  on  the  other  hand,  the  orifice  being  a  slit 
on  a  convex  or  globular  surface,  the  tendency  of  air-borne  dust  is  to  fall  away  from 
it  J  and,  whenever  any  particle  does  alight  actually  within  the  edges  of  the  slit,  it 
can  be  removed  in  an  instant  by  passing  the  edge  of  a  strip  of  writing  paper  between 
the  margins.  The  results  stated  in  the  report  must  be  regarded  as  ajiplying  only  to 
unclogged  burners  ;  and  the  union  jets  are  clogged  often,  and  can  only  be  cleaned  with 
trouble  and  difficulty,  while  the  batwings  are  little  liable  to  be  clogged  at  all,  and 
whenever  they  become  so  can  be  cleaned  in  an  instant.  They  therefore,  practically 
speaking,  retain  their  usefulness  very  much  longer  than  the  others,  and  are  greatly 
to  be  preferred  where  there  are  numerous  lights  in  constant  use,  to  which  it  would 
be  difficult  to  pay  individual  attention.  The  original  forms  of  batwing,  on  account 
of  the  wide  spreading  of  their  flames,  were  almost  prohibitory  of  the  use  of  globes  ; 
but  the  modern  forms  described  in  the  foregoing  pages,  either  by  modifications 
in  the  shape  and  extent  of  the  slit,  or  by  means  of  the  "table-top"  introduced 
by  Mr.  Sugg,  afford  higher  and  narrower  flames,  with  which  globes  may  be  used 
whenever  it  is  desired. 
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CHAPTER  XLIY. 

RECENT  INVENTIONS  AND  IMPROVEMENTS  IN  GAS-LIGHTING. 

Ventilating  Burners -The  Globe  Light-Siemens'  Eegenerative  Burner  for  Heating  the  Gas  and  Air- 
Grimstons  Burner-Various  Incandescent  Burners-Methods  of  Enriching  Gas  by  addition  of 
Hydro-carbons.  o  j 

The  various  fittings  by  which  gas-burners  are  suspended,  or  to  .  which  they  are 
attached,  are  so  widely  known  that  it  would  be  superfluous  to  describe  them  with 
minuteness.  They  vary  from  the  simplest  and  cheapest  forms  to  some  that  are 
costly  and  elaborate,  and  they  are  made  either  to  depend  from  the  ceiling,  to  be 
attached  to  walls,  or  to  stand  upon  tables.  In  the  first  case  they  usually  slide 
up  and  down;  in  the  second  they  turn  on  pivots  near  their  attachments,  and 
are  composed  of  one,  two,  or  three  arms,  according  to  requirements;  whHe  in 
the  third  they  may  be  either  fixed  or  movable.  If  movable,  they  are  supplied 
with  gas  through  flexible  tubes,  proceeding  either  from  stationary  burners  or 
from  some  convenient  points  in  the  wall  or  ceiling  of  the  room.  They  all 
consist  essentially  of  tube  and  burner,  and  theii-  variations  are  chiefly  in  the 
number  of  lights  which  they  are  required  to  carry,  or  in  the  extent  to  wliich 
they  take  part  in  the  general  plan  of  decoration. 

There  are,  however,  some  useful  forms  of  gas-burners  which  cannot  be  con- 
sidered separately  from  their  pendants  or  supports,  and  the  most  important  of 
these  are  the  "Globe"  light  of  Mr.  Hammond  (shown  in  Fig.  195),  and  the 
new  "  Regenerative  "  gas-burner  invented  by  the  brothers  Siemens. 

A  variety  of  attempts  have  been  made  by  many  inventors  to  carry  off  from 
gas-lighted  rooms  the  noxious  products  of  combustion,  and,  at  the  same  time, 
to  provide  a  sufficient  outlet  for  the  air  vitiated  by  respiration.  Among  the 
first  of  these  attempts  was  an  arrangement  devised  by  the  late  Mr.  De  la  Garde, 
of  Exeter,  for  a  literary  institution  in  that  city.  The  room  was  lighted  by 
argand  gas-burners,  and  Mr.  De  la  Garde  suspended  over  each  a  tube  of  about 
twice  its  calibre,  which  received  the  products  of  combustion  by  a  trumpet^shaped 
mouth,  placed  about  two  inches  above  the  top  of  the  chimney-glass.  This  first 
tube  was  carried  up  nearly  to  the  ceiling,  a  little  below  which  it  entered  for  an 
inch  or  two  into  another  tube  of  similar  construction,  but  of  somewhat  larger 
calibre,  opening  either  directly  into  the  air  or  into  a  chimney.  In  this  way 
the  mouths  of  the  upper  tubes  afforded  outlet  for  the  air  of  the  room,  while 
the  gases  produced  by  combustion  were  carried  up  through  both  tubes,  and  escaped. 
The  apparatus  was  said  to  be  successful  in  its  operation,  but  no  one  could  deny 
that  it  was  unsightly. 

The  "Globe"  light  of  Mr.  Hammond  produces  results  very  similar  to  those 
of  Mr.  De  la  Garde's  contrivance,  and  has  the  advantage  of  being  easily  rendered 
ornamental.  Its  Operation  will  be  understood  by  the  sectional  drawing  given 
in  Fig.  194.  The  air  of  the  room  in  which  the  light  is  fixed  enters  near  the 
top  of  the  globe  at  a,  and,  passing  between  the  interior  of  the  globe  and  the 
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exterior  of  the  cliimney- glass,  descends  to  supply  oxygen  to  the  burner  B.  The 
products  of  combustion  ascend  to  the  top  of  the  chimney-glass  at  d,  under  the 
aperture  of  the  hollow  pendant,  up  which  they  are  impelled  by  the  sharp  draught 
of  the  heated  current.  Having  reached  the  upper  part  of  the  pendant,  the  heated 
products  are  turned  by  the  elbow  at  the  top  into  the  horizontal  pipe  A  A,  and 
are  carried  into  the  chimney  of  the  room  in  which  the  light  is  fixed. 

The  pipe  A  a  is  surrounded  by  an  outer  pipe,  c  c,  which  affords — ^where 
the  draught  in  the  chimney  is  sufficiently  good — a  means  of  gently  and  imper- 
ceptibly changing  the  atmosphere  of  the  room  by  the  steady  current  which  is 
produced  by  the  heat  of  the  inner  pipe.  The  openings  B  b,  provided  in:  the  ceiling- 
rose  for  the  purpose,  communicate  through  the  cone  with  this  pipe,  so  that  the 
temperature  of  the  room  is  equalised  by  the  constant  gradual  rise  of  the  compara- 
tively cool  air  from  below  as  fast  as  the  upper  portion  passes  into  the  pipe.  This 
action  is  self-regulating,  the  current  being  more  rapid  when  gently  heated,  and  less 
so  as  the  cooler  air  ascends. 

Burners  of  the  same  kind  are  made,  to  project  from  the  walls  of  rooms  near 
the  fireplace,  the  hollow  pendants  curving  downwards  from  their  points  of 
fixation. 

The  actual  burners  employed  are  essentially  argands,  but  of  peculiar  con- 
struction. As  will  be  seen  in  Fig.  194,  the  supply-pipe  descends  to  them  from 
above,  and  passes  through  the  ring  of  the  burner  to  enter  a  curved  cross-pipe, 
the  extremities  of  which  deliver  the  gas  into  a  small  chamber  below  its  apertures 
of  final  exit  for  combustion.  In  this  chamber  it  is  able  to  expand,  and  to  lose 
a  portion  of  the  pressure  to  which  it  was  previously  subjected,  much  in  the  same 
way  as  in  the  Silber  batwing.  Lighting  is  accomplished  by  passing  down  a  spirit- 
torch  or  wax  taper  from  above  the  top  of  the  chimney-glass ;  and  the  supply  of 
gas  is  usually  regulated  by  a  tap  in  some  convenient  position,  at  a  distance  from  the 
burner. 

I  am  not  aware  of  any  experiments  for  the  determination  of  the  amount  of  light 
which  this  burner  furnishes  for  its  consumption,  but  it  certainly  yields  light  of  a 
pleasant  quality,  and  is  well  adapted  for  the  illumination  of  a  room  for  general 
purposes.  It  would  hardly  be  sufficient  for  fine  work,  or  for  reading  small  print 
with  the  maximum  of  comfort.  As  a  ventilating  arrangement  it  is  highly  satis- 
factory ;  and  perhaps  the  chief  objection  to  its  general  use  would  be  on  the  score 
of  price.  The  burner  figured  in  Fig.  15  would  cost  £5  9s.  6d.  in  its  simplest  form, 
and  more  elaborate  forms  would,  of  course,  be  costly  in  comparison. 

For  office  use,  the  pendants  are  fitted  with  white  shades,  open  below,  instead  of 
with  globes,  so  as  to  obviate  the  loss  of  light  occasioned  by  the  latter. 

The  passage  of  the  horizontal  pipe  between  the  ceiling  of  the  room  which  is 
lighted  and  the  floor  of  the  room  above  sometimes  renders  the  latter  perceptibly 
warm,  but  this  heating  never  reaches  a  point-  of  danger,  and  may  often  be  au 
advantage. 

The  Siemens  regenerative  gas-burner  is  a  result  of  experiments  conducted 
simultaneously  by  Dr.  C.  W.  Siemens,  F.R.S.,  of  London,  and  Herr  F.  Siemens,  of 
Dresden,  with  a  view  to  the  attainment  of  increased  illumination,  greater  economy 
m  the  consumption  of  gas,  absolute  steadiness  of  light,  perfect  ventilation,  complete 
combustion,  and  the  utilisation  and  disposal  of  the  products  of  combustion.  Each 
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Of  the  experimenters  arrived  separately  at  the  same  conclusions,  and  t"^^^:^^^f 
these  conclusions  may  be  seen  in  the  burners  which  are  now  in  use  at  th.  ?  . 
exti.mity  of  Holborn,  where  they  cast  into  comparative  ZZZ  Edifon 
light  m  the  adjacent  street.  -^uisuu  eieciric 

y.J^''  r""''- ""^"'^  improvement  has  been  effected  is  mainly  that  of 
heating  the  air  and  gas  previously  to  their  union;  and  this  is  effected  in  the 
regenerative  burner,  by  causing  the  heat  of  the  combustion,  which  Ts  ord  na^! 
wasted,  o  heat  the  gas  and  air  which  are  next  in  rotation  to  be  consumir 

The  burner  is  shown  m  Fig.  196,  and  a  section  in  Fig.  197,  and  it  is  composed  of 
the  f  ollowing  parts  :-a,  gas-chamber,  supplying  the  gas-tubes,  b;  c,  exit  for  the  gas 
supplying  the  flame;  x>.  air-chamber;  regenerative  heating  chamber;  suctifn- 
chimney  leading  to  chimney  g.  When  the  burner  is  first  lighted,  .as  in  a  cold  stl 
passes  through  the  gas-chamber,  a,  and  gas-tubes,  b,  to  the  point  of  Vn^tion,  c  Sold 
air  enters  the  air-chamber  b,  and,  before  arriving  at  c,  is  equalised,  and  well  distributed 
to  the  flame  by  means  of  a  toothed  circular  collar.  The  flame  burns  around  a  tube 
ot  porcelain,  h,  and,  turning  over  the  top  of  it,  descends  into  the  interior  of  the 
burner,  or  regenerative  heating-chamber  k  This  effect  is  produced  by  a  continuous 
current,  occasioned  by  the  main  chimney  g,  and  the  branch  or  suction-chimney  f 
Ihe  waste  heat  and  products  of  the  flame  being  thus  collected  in  the  regenerative 
heatmg-chamber  e,  the  temperature  of  the  latter  is  raised  to  about  900  C  The 
consequence  is  that  the  gas  and  air  in  the  surrounding  chambers,  durinc.  the 
progress  of  their  ascent  from  the  bottom  to  the  top  of  the  burner,  are  raised"  to  a 
similar  temperature,  thus  increasing  the  illuminating  power.  Outside  the  burner  is 
a  jacket  of  thin  metal,  i,  between  which  and  the  burner  a  current  of  cooler  air 
ascends,  to  prevent  the  overheating  of  the  burner,  and  also  to  add  to  the  supply  of 
air  to  the  flame.  On  the  top  of  this  outer  casing  rests  a  cylinder  of  glass,  K,  which 
protects  the  flame  from  the  action  of  the  wind. 

The  illumination  afforded  by  this  burner  has  been  tested  by  Mr.  Keates,  Mr. 
Hartley,  and  Mr.  Heisch,  with  the  result  that  it  has  been  found  to  give,  L  its 
largest  size,  a  greater  amount  of  light  than  any  other  which  has  been  constructed. 
The  smaller  sizes,  however— those  which  would  be  applicable  to  rooms— are  not 
equally  advantageous,  and  scarcely,  if  at  all,  surpass  the  Silber  argand  in  their 
performance,  while  their  price  is  such  as  to  be  a  serious  impediment  to  their  general 
adoption.    The  size  No.  4,  for  example,  which  consumes  ten  cubic  feet  of  gas  per 
hour,  gives  fifty  candle-light,  and  costs  four  guineas  for  the  burner  only.  The 
pendant,  which  is  essential  to  the  performance  of  the  burner,  costs  three  guineas  in 
its  simplest  form,  and  is  of  a  shape  which  does  not  readily  lend  itself  to  ornamenta- 
tion.   For  use  in  rooms,  the  suction  chimney,  F,  in  the  figure,  is  duplicated  by  a 
dummy  for  the  sake  of  symmetry,  and  the  flame  is  covered  by  a  conical  glass 
shade,  which  reflects  the  light  downwards.    Even  then  it  would  seldom  be  necessaiy 
or  desirable,  in  a  room,  to  have  the  light  of  fifty  candles  concentrated  in  one  spot ; 
and  most  rooms  would  be  better  lighted  by  the  distribution  of  lights  of  lesser 
individual  power.    For  the  present,  therefore,  we  must  conclude  that  the  regenera- 
tive burner,  although  among  the  best  in  existence  for  street  lighting,  is  hardly  in 
competition  with  others  for  domestic  uses;  and  its  distinguished  inventors  must 
apply  themselves  to  obtain  an  increase  of  power  with  small  consumjition  and  a 
diminution  of  cost  before  it  can  take  rank  as  a  household  appliance,  or  can  enter 
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seriously  into  that  competition  between  gas  and  electricity  which  must  certainly  be 
carried  on  for  some  time  longer  before  it  can,  be  finally  decided  in  favour  of  either. 
Tlie  influence  of  the  regenerative  burner  in  removing  the  products  of  combustion 
and  the  vitiated  air  of  a  room  would  doubtless  be  considerable ;  but  these  ends  can 
be  obtained  perhaps  equally  well  by  simpler  and  less  expensive  means.  The 
burner  requires  notice,  bvit  its  domestic  utility  must  belong  rather  to  the  future 
than  to  the  present. 

Another  form  of  domestic  light  which  efiects  something  towards  the  removal  of 
vitiated  air  is  the  so-called  sun  burner,  which  consists  of  a  star  of  fish-tail  jets  placed 
beneath  an  enamelled  basin,  which  both  reflects  light  downwards  and  communicates 
■ttdth  a  pipe  which  carries  away  the  heated  air  and  the  products  of  combustion. 
Tlie  gas  sun-light  answers  admirably  for  large  rooms  in  which  no  fine  work  is 
carried  on,  such  as  lecture-rooms,  club  smoking-rooms,  and  the  like,  but  it  is  not 
well  adapted  for  situations  in  which  the  eyes  are  employed  over  near  and  small 
objects. 

A  modification  of  the  Siemens  regenerative  burner,  from  which  great  results 
are  predicted,  has  recently  been  introduced  by  Mr.  Grimston,  who  hopes  to  render 
it  available  for  the  small  as  well  as  for  the  large  consumer.  It  may  be  described  as 
an  argand  burner  turned  upside  down,  the  flame  curving  round  the  margin  of  an 
inner  cylinder,  which  contains  the  ring  of  gas  tubes,  and  then  ascending  within  an 
outer  cylinder  or  chimney.  The  space  between  the  two  cylinders  contains  cross- 
tubes,  which  open  into  the  external  air  by  one  extremity,  and  into  the  internal 
cylinder  by  the  other,  and  which  thus  supply  heated  air  to  the  flame.  The  latter  is 
shut  in  below  by  a  curved  plate  of  glass,  which  hinges  to  the  margin  of  the  external 
cylinder,  and  the  flame  presents  somewhat  the  shape  of  a  convolvulus  bloom  turned 
downwards.  In  the  experimental  burners  which  alone  have  yet  been  constructed, 
the  results  obtained  are  said  to  have  amounted  to  as  much  as  sixty  candle-light  for 
a  consumption  of  ten  cubic  feet  per  hour;  and  it  is  also  said  that  smaller  quantities 
of  gas  can  be  consumed  in  smaller  burners  with  equal  advantage.  If  this  statement 
should  be  borne  out  by  experience,  the  burner  will  be  a  great  advance  upon  any 
now  in  the  market.  The  appearance  of  the  flame  is  pleasing,  and  the  simple 
vertical  pendant  both  lends  itself  to  ventilation  and  admits  of  being  rendered  orna- 
mental. 

It  has  long  been  known  that  hydro-carbons  brought  into  contact  with  oxygen 
at  a  suflaciently  high  temperature  would  biu-n  without  the  production  of  flame  • 
and  Mr.  Fletcher,  of  Warrington,  has  been  conspicuous  among  those  who  have 
produced  some  remarkable  heating  results  in  this  manner.  The  incandescent 
electric  lamps  have  suggested  to  several  inventors  the  idea  that  incandescence  for 
lilummating  ptirposes,  might  be  obtained  by  other  than  electric  agencies,  'and 
notably  by  the  so-called  flameless  combustion,  with  the  result  that  two  incandescent 
gas-lights  are  now,  or  soon  will  be,  ofi-ered  to  the  public.  In  the  first  of  these  the 
mcandescent  gas  lamp  of  M.  Clamond,  the  incandescent  material  is  a  small  basket 
ot  magnesia;  while  in  the  second,  the  lamp  of  Mr.  Lewis,  it  is  a  thimble  of  platinum 
wire  gauze.  In  both  alike  the  principle  is  that  when  gas  is  burnt  in  such  a  manner 
as  to  heat  a  substance  upon  which  the  flame  is  thrown,  this  substance,  as  soon  as  it 

time,  If  sufficiently  indestructible,  will  furnish  a  high  degree  of  luminosity  by  its 
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incandescence.  Tliis  is  really  the  principle  of  the  Drummond  light ;  and  the  only 
novelty  in  its  application  is  the  attainment  of  a  sufficiently  high  temperature  by 
feeding  common  gas  with  atmospheric  air  delivered  imder  pressure  in  lieu  of  the 
ordinary  lime-light  combination  of  oxygen  and  hydrogen.  M.  Clamond's  basket  is 
conical  in  shape,  and  is  made  of  a  sort  of  lacewoi-k  of  spun  magnesia.  The 
magnesia  in  powder  is  rendered  plastic  by  a  solution  of  acetate  of  magnesia,  and  is 
then  worked  like  vermicelli  into  threads,  of  which  a  netted  mesh  is  made.  The 
baskets  are  vexy  cheap,  and  are  said  to  last  for  about  forty  hours  of  actual  use,  after 
which  period  they  must  be  replaced,  as  the  light  which  they  furnish  assumes  a 
bluish  tint.    The  renewal  is  easily  effected. 

In  Lewis's  incandescent  burner  the  arrangement  is  practically  the  same.  The 
basket  or  thimble  of  fine  platinum  wire  gauze  is  placed  on  the  summit  of  a  double 
tube,  the  internal  tube  delivering  air  at  high  pressure,  as  from  a  blow-pipe  jet, 
while  the  outer  tube,  surrounding  the  former,  delivers  gas  at  ordinary  pressure. 
The  combined  air  and  gas  are  driven  by  the  pressure  through  the  gauze,  and  can  be 
lighted  from  the  outside  of  it.  After  burning  for  a  few  seconds,  the  gauze  itself  is 
raised  to  a  white  heat,  the  flame  disappears,  and  the  glowing  gauze  is  alone  visible 
as  a  source  of  brilliant  luminosity. 

It  is  claimed  for  the  incandescent  magnesia,  and  is  certainly  true  of  the 
incandescent  platinum,  that  the  light,  although  brilliant,  is  soft  and  pleasing  in 
quality,  and  not  irritating  to  the  eyes ;  and  in  both  cases  the  quantity  of  incandescent 
material  is  too  small  to  become  a  source  of  undesirable  elevation  of  the  temperatm-e 
of  the  room  in  which  the  light  is  used.  In  both  lights  an  exceedingly  high  rate  of 
illumination  is  said  to  be  obtained  for  the  quantity  of  gas  consumed;  and, 
inasmuch  as  this  light  is  a  result  of  the  incandescence  of  the  magnesia  or  of  the 
platinum,  and  not  of  the  incandescence  of  anythmg  furnished  by  the  gas  itself, 
the  quality  of  the  latter,  as  regards  illuminating  power,  ceases  to  be  an  element  in 
the  question.  A  gas  suitable  for  heating  purposes,  poor  in  carbon,  will  be  as  good 
as,  or  even  better  than,  any  other;  and  such  gas  may  be  obtained  at  a  cheaper 
rate  than  any  which  is  itself  capable  of  being  used  as  an  Uluminant.  In  this  Avay 
alone  a  great  source  of  possible  future  saving  is  opened  out. 

On  the  other  hand,  a  serious  economical  objection  to  the  method  is  furnished  by 
the  necessity  of  supplying  air  under  pressure  in  addition  to  gas— a  necessity  which 
seems  to  imply  the  laying  down  of  an  additional  set  of  pipes  for  this  purpose. 
In  the  Clamond  burner,  by  an  arrangement  analogous  to  that  of  the  Siemens  and 
Grimston  burners,  the  air  is  heated  on  its  way  to  the  flame ;  and  it  is  claimed  that 
the  heating  diminishes  the  degree  of  pressure  which  is  required.  If  in  this  respect 
the  Clamond  possesses  any  advantage  over  the  Lewis  burner,  it  would  obviously  be 
only  in  maintenance  from  day  to  day;  in  the  engine-power,  for  example,  by  which 
the  air-supply  was  driven,  and  not  in  the  cost  of  the  original  system  of  pipes 
throu'rh  which  it  would  pass.  Against  any  saving  thus  effected  may  be  put  the 
fact  that  the  Lewis  or  platinum  burners  are  practically  everlasting  and  mdestructib  e, 
while  those  made  of  magnesia  will  require  renewal  almost  as  frequently  as  the  wicks 
of  an  oil  lamp.  Of  the  relative  merits  of  the  two  systems,  and  of  the  power  ot 
either  to  effect  a  sufiicient  saving  to  bring  it  into  practical  competition  with  gas 
burnt  alone,  it  would  as  yet  be  premature  to  speak,  and  the  ultimate  decision  must 
be  arrived  at  under  the  guidance  of  an  experience  for  which,  as  yet,  no  materials 
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have  been  afforded.  The  Olamond  light  has  not  at  present  been  tried  in  this 
country,  and  the  Lewis  light  exists  only  in  an  experimental  condition.  At  the 
time  of  writing,  arrangements  are  being  made  for  its  application  to  street  lamps 
between  the  "  Angel "  at  Islington  and  Olerkenwell  Green ;  and  it  will,  therefore, 
soon  be  visible  to  the  public. 

Another  method  of  increasing  the  illumination  from  a  gas-flame  is  to  enrich 
the  gas  itself  by  the  addition  of  further  carbon  elements.  This  may  be 
effected  by  passing  it  through  various  fluid  hydro-carbons,  in  vessels  constructed  for 
the  purpose  ;  but  the  best-known  process  is  that  accomplished  by  what  is  called 
the  albo-carbon  light.  This  light  is  obtained  by  burning  gas  which  is  enriched, 
while  on  its  way  to  the  burner,  with  vaporised '  naphthaline,  and  it  not  only,  in 
round  numbers,  gives  twice  the  ordinary  illumination  for  half  the  amount  of  gas 
consumption,  but  the  light  is  of  purer  and  better  colour  than  any  other  with  which 
I  am  acquainted.  The  lighting  of  the  Aquarium  has  been  immensely  improved  in 
quality  and  in  amount  by  its  use,  and  this  has  been  done  at  a  saving  of  about 
.£1,000  a  year,  on  account  of  the  corresponding  diminution  in  the  quantity  of  gas 
which  is  required. 

Napthaline  is  a  hydro-carbon  which  is  solid  at  ordinary  temperatures,  so  that, 
although  it  is  formed  in  large  quantities  in  the  process  of  gas-manufacture,  it  is 
deposited  in  the  larger  tubes  or  in  the  reservoirs  as  the  newly-made  gas  cools. 
When  cold,  it  is  a  friable  solid,  of  brownish-white  colour,  of  a  sort  of  semi-trans- 
parency, and  of  crystalline  fracture.  Until  it  was  applied  to  the  purpose  of  the 
albo-carbon  light,  it  had  no  uses  in  the  arts,  and  was  a  purely  waste  product,  which 
gas-manufacturers  were  under  the  constant  necessity  of  removing  from  their 
reservoirs  and  tubes,  and  which  was  useless  and  valueless  when  removed.  It  is 
readily  volatilised,  and  its  vapour  possesses  an  extremely  oflensive  odour. 

In  order  to  obtain  the  albo-carbon  light,  a  piece  of  naphthaline  is  put  into  a 
reservoir  connected  with  a  gas-burner,  and  this  reservoir  is  so  arranged  that,  when 
it  is  warmed,  the  vaporised  napthaHne  mingles  with  the  gas,  and  is  burned  together 
with  it.  Tor  single  lights,  gas-burners  are  made  with  strips  of  metal  adjacent  to 
the  flame  and  extending  to  the  reservoir,  so  that  the  heat  communicated  by  them 
gradually  volatilises  the  hydro-carbon.  When  the  gas  is  lighted,  the  flame  at  first 
yielded  is  not  distinguishable  from  that  of  an  ordinary  burner,  but,  as  the  warmth 
reaches  the  naphthaline,  and  the  vapour  is  formed,  the  flame  increases  in  size  and 
brilliancy  m  a  remarkable  manner.  When  the  naphthaline  becomes  exliausted  the 
flame  returns  to  its  original  condition  untH  a  further  supply  is  introduced.  In  lar-e 
lights,  as  m  gaseliers  with  several  burners,  the  naphthaline  is  placed  in  a  common 
central  reservoir  below  them  all,  and  under  this  reservoir  there  is  a  small  jet  for  the 
purpose  of  aSbrding  the  heat  necessary  in  order  to  maintain  the  supply -of 'vapour 
At  the  Aquarium,  for  example,  the  naphthaline  reservoir  and  its  tiny  gas-jet  may  be 
seen  under  each  gaselier,  and  an  attendant,  before  the  general  lights  are  extinguished 
goes  round  to  turn  out  the  small  jets,  so  that  the  naphthaline  is  sufiered  to  cool  If 
has  were  not  done,  it  would  be  necessary  to  put  out  the  gas  by  a  tap  at  each 
ndividual  burner,  instead  of  by  a  tap  common  to  many  burners  at  once  because 
the  closure  of  the  latter  would  still  permit  the  escape  of  naphthaline  ..,lr,  Z7I 
would  occasion  an  insupportable  stench.  For  the  same  rea  on,  it  is  ne  essiv  tha 
the  reserve,  which  contains  the  naphthaline  should  be  perfe  tly  closeTsZ  a^^^^ 
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opening  in  it  would  allow  the  stinking  vapour  to  escape  ;  and,  for  this  reason,  the 
albo-carbon  light  is  scarcely  applicable  to  private  houses  or  small  establishments. 
For  a  single  burner,  a  fresh  piece  of  naphthaline  would  require  to  be  put  into  the 
reservoir  about  once  a  week,  and  few  ordinary  domestic  servants  could  be  trusted 
always  to  close  the  reservoir  again  with  the  necessary  security.  For  this  purpose 
a  skilled  workman  would  generally  be  required,  and  hence  the  light,  notwithstanding 
its  beauty  and  brilliancy,  is  only  practically  available  where  a  competent  person  is 
always  at  hand  to  superintend  it. 

It  will  be  suflficiently  manifest  from  the  foregoing  that  the  introduction  of  the 
electric  light  has  afforded  an  extraordinaiy  stimulus  to  invention  with  regard  to 
methods  of  illumination  generally,  and  that  it  is  also  steadily  tending  to  create  a 
demand  which  such  invention,  must  supply.  The  practical  lesson  to  be  learnt  from 
these  facts  is  that  builders  or  owners  of  houses  should  be  prepared  for  any 
eventuality,  and  should  arrange  means  for  the  easy  conveyance  or  insertion  of  any 
systems  of  tubes  or  of  wires  which  may  ultimately  appear  to  be  the  most 
advantageous.  In  the  construction  of  new  houses,  and  in.  the  alteration  of  old 
ones,  it  will  generally  be  possible  to  place  matters  in  such  a  train  that  conductors 
for  electricity,  or  tubes  for  air  or  for  gas,  or  for  both  together,  might  be  brought 
into  the  principal  apartments  without  subsequent  important  disturbance. 


PETROLEUM  A  FLUID  GAS.  463 


CHAPTER  XLY. 

PETROLEUM     AND     OIL  LAMPS. 

Nature  of  Petroleum — Its  Soiu'ces  and.  Varieties — Importance  of  the  Flashing-point,  or  Degree  of 
Inflammability  —  Dangers  of  Petroleum — Improvements  in  Lamps  —  Colza  Oil  Lamps — Com- 
parative Cost  of  Candles  and  Other  Modes  of  Lighting — Impurities  of  Gas — Lamp  Designs. 

The  illuminating  agent  next  in  importance  to  gas  is  undoubtedly  petroleum, 
wMch,  indeed,  may  be  described  as  a  gas  of  natural  distillation.  It  consists 
of  a  mixture  of  hydro-carbons,  some  of  them  resembling  marsh  gas,  others  re- 
sembling olefiant  gas,  presenting  among  themselves  many  minute  shades  of  chemical 
diflference  which  there  is  nothing  in  their  ultimate  composition  to  explain,  and  which 
are  referred  to  diflFerences  in  the  molecular  arrangement  of  the  carbon  and  hydrogen 
atoms  which  they  contain.  ISTearly  all  are  liquid  at  ordinary  temperatures,  some  are 
very  volatile,  others  fixed,  others  intermediate  between  the  preceding,  and  some,  of 
which  "  ozokerit "  or  earth-wax  is  an  example,  are  found  in  a  solid  condition.  They 
are  all  to  be  regarded  as  essentially  vegetable  oils,  developed  in  the  plants  which 
formed  the  coal-measures,  and  separated  when  these  coal-measures,  in  the  course  of 
geological  changes,  have  been  subjected  to  heat  and  pressure.  In  some  instances, 
retained  by  strata  impervious  to  them,  and  percolating  through  others  of  a  more 
porous  description,  they  have  probably  travelled  long  distances  from  the  place 
of  their  production,  and,  like  water  under  similar  conditions,  ultimately  exude 
through  fissures,  or  are  permitted  to  reach  the  surface  through  wells  sunk  for 
the  purpose. 

Some  of  the  native  forms  of  petroleum  were  certainly  known  to  the  ancients ; 
and  Gibbon  mentions  that  one  of  them — naphtha,  or  bituminous  oil — is  supposed, 
on  slender  evidence  but  with  high  probability,  to  have  been  the  basis  of  the 
celebrated  Greek  fire.  For  a  long  period,  however,  and  until  quite  recently,  the 
only  forms  of  petroleum  used  in  the  arts  were  artificial  products,  obtained  by  the 
destructive  distillation  of  wood,  peat,  or  bituminous  minerals. 

According  to  Payen,*  the  first  impulse  to  the  use  of  petroleum  as  an  illuminating 
agent  was  given  by  Reichenbach,  who,  in  1830,  prepared  from  beechwood  tar  both 
solid  paraffin  and  oil  which  could  be  burnt  in  suitably-constructed  lamps.  But, 
owing  to  the  small  amounts  in  which  these  products  were  obtainable  from  tar,  or 
from  the  bituminous  minerals  then  known,  the  various  attempts  made  to  bring  them 
mto  practical  application  proved  unsuccessful,  until  materials  capable  of  yieldinc^  a 
larger  amount  of  oUy  products  were  discovered.  Among  these,  the  principal  were 
,a  remarkable  bituminous  mineral,  occurring  in  the  coal-measures  at  Boghead,  in 
Scotland,  and  the  tertiary  coal  or  lignite  occurring  in  several  parts  of  Germany 
Not  long  after  the  utUisation  of  these  sources  of  liquid  hydro-carbons  had  become 
an  established  branch  of  commerce,  a  new  source  of  supply  was  furnisiied  by  the 
discovery  of  the  vast  deposits  of  petroleum  in  America;  and  hence,  at  the  present 
•time,  the  liquid  hycbo-carbons  of  what  is  called  the  paraffin  series,  which  constitute 

•  "  Industrial  Chemistry,"  Paul's  Translation. 
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native  petroleum,  as  Avell  as  tlie  products  of  distillation,  are  very  largely  employed 
as  sources  of  light  in  lamps. 

Petroleum  occurs  in  many  parts  of  the  earth  as  a  dark-coloured  inflammable 
liquid,  possessing  a  bituminous  smell,  and  various  degrees  of  density,  from  0-7 
to  1-1.  Some  kinds,  which  are  thin  and  but  slightly  coloured,  are  known  by 
the  name  of  naphtha,  while  other  kinds,  which  are  viscid  and  almost  black, 
are  termed  mineral  tar.  These  different  kinds  of  so-called  mineral  oil  occur  chiefly 
in  ISTorth  America,  Persia,  the  Caucasus,  Georgia,  Burmah,  the  Cai-pathians,  Italy, 
some  parts  of  Germany,  and  Switzerland,  as  well  as  in  France  and  England  to  some 
extent. 

The  petroleum  of  Pennsylvania  is  a  dark  brownish-coloured  mobile  liquid  having 
a  specific  gravity  varying  from  -782  to  -820,  and  a  peculiar  greenish  fluorescence. 
Some  of  the  American  petroleum  has  a  greater  density — for  instance,  that  known 
as  Mecca  oil,  which  is  a  thick  viscid  liquid  having  a  specific  gravity  of  from  -860  to 
•910,  and  some  of  the  Californian  petroleum  has  a  specific  gravity  of  -927.  The 
petroleum  of  Canada  has  a  very  oflfensive  odour,  owing  to  the  presence  of  sul- 
phuretted compounds  which  render  its  purification  difficult. 

In  America,  petroleum  is  obtained  by  boring  deep  wells,  like  artesian  wells, 
until  a  deposit  of  oil  is  tapped,  and  then  it  either  rises  to  the  surface,  and  flows 
out  in  intermittent  gushes,  constituting  what  is  termed  a  flowing  well,  or  it  has 
to  be  raised  to  the  surface  by  means  of  a  pump.  The  quantity  obtained  from 
these  wells  is  sometimes  very  large.  One  of  the  great  flowing  wells  at  Enniskillen 
yielded  as  much  as  600,000  gallons  when  first  opened,  but  it  was  soon  exhausted, 
and  the  greater  number  of  wells  yield  only  from  400  to  800  gallons  daily,  though 
some  few  have  yielded  as  much  as  4,000  gallons  a  day. 

In  Wallachia,  petroleum  is  obtained  from  strata  about  thirty  feet  below  the 
surface,  and  the  wells  are  made  by  sinking  square  shafts  lined  with  timber,  like 
rude  water-wells,  and  fitted  with  a  windlass  above,  by  means  of  which  the  petroleum, 
gradually  oozing  into  the  well  from  the  adjoining  strata,  is  from  time  to  time  taken 
out  by  buckets  attached  to  a  rope  wound  upon  the  windlass.  Petroleum  is  also 
obtained  in  this  way  in  Moldavia  and  Galicia  along  the  entire  range  of  the  Car- 
pathians, The  best  suited  for  refining  has  a  specific  gi-avity  of  about  -803,  but 
some  kinds  are  thick  and  much  more  dense,  and  they  are  used  chiefly  for  greasing 
cart-wheels,  &c. 

Chemically  speakmg,  the  materials  known  as  naphtha,  petroleum,  &c.,  are  all 
very  closely  allied,  inasmuch  as  they  consist  for  the  most  part  of  homologous  Uquid 
and  solid  hydro-carbons,  difi"ering  chiefly  in  density  and  volatility.  The  petroleum 
of  America,  as  well  as  that  of  the  Carpathians,  consists  chiefly  of  substances 
homologous  with  marsh  gas,  many  of  which  have  been  isolated,  and  which  range 
from  gaseous  forms  to  liquids  having  a  boiling-point  of  over  260''  C.  ^  The 
various  kinds  of  petroleum  also  contain  other  liquid  substances  of  still  higher 
boiling-point,  and  of  specific  gravity  sometimes  exceeding  -900.  They  likewise 
contain  in  most  instances  solid  hydro-carbons,  varying  in  amount  from  2  to  lt> 
per  cent,  and  upwards,  together  with  pitchy  and  resinous  substances. 

The  dark-coloured  oily  product  obtained  by  the  destructive  distillation  of  wood, 
peat,  coal,  or  other  bituminous  mineral,  and  commonly  called  tar,  contains  sub- 
stances identical  with  those  existing  in  petroleum,  together  with  resinous  and  pitcliy 
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substances,  carbolic  acid,  creasote,  nitrogenous  bases,  &c.,  the  nature  and  relative 
proportion  of  these  constituents  varying  with  the  kind  of  material  submitted  to 
distillation,  and  with  the  temperature  at  which  the  process  is  conducted.  Distilla- 
tion at  a  moderate  heat,  only  just  sufficient  for  decomposition,  gives  a  larger  amount 
of  tar  tlian  is  obtained  at  higher  temperatures,  which  have  the  eflfect  of  decom- 
posing the  oily  products  to  some  extent,  and  of  converting  them  into  permanent 
gas,  while  at  the  same  time  furnishing  tar  of  a  very  different  character.  Thus,  in 
the  manufacture  of  illuminating  gas  by  distilling  coal  at  a  very  high  temperature^ 
so  as  to  obtain  the  largest  possible  amount  of  gas,  the  tar  obtained  is  of  a  totally 
different  nature  from  that  which  is  produced  at  a  lower  heat,  and  is  at  the  same 
time  much  smaller  in  quantity. 

In  the  preparation  of  hydro-carbon  oils  for  use  in  lamps,  or  for  other  purposes 
in.  the  arts,  the  crude  pil,  whether  obtained  from  wells  or  by  destructive  distillation, 
is  submitted  to  ordinary  distillation  for  the  purpose  of  separating  its  intermediate 
from  its  heavier  and  lighter  portions.  In  this  way,  the  distilled  oil  is  usually 
separated  into  four  classes,  namely  : — 

1.  The  light  volatile  oil,  or  spirit,  known  by  the  name  of  benzoline,  and  its 
congeners. 

2.  Oil  suitable  for  burning  in  lamps. 

3.  Oil  having  a  specific  gravity  above  -850,  which  is  used  for  lubricating 
machinery,  (fee. 

4.  Oil  containing  a  considerable  quantity  of  solid  paraffin,  which  crystallises 
when  the  oil  is  cooled,  either  at  once  or  after  some  time. 

The  oil  used  for  burning  in  lamps  varies  somewhat  in  colour,  smell,  specific 
gi-avity,  and  other  physical  characters,  according  to  the  source  from  which  it  has 
been  derived,  as  well  as  to  the  care  with  which  it  has  been  prepared,  and  it  is 
known  under  a  great  variety  of  designations,  such  as  photogen,  solar  oil,  kerosene, 
paraffin  oil,  besides  other  more  fanciful  names,  indicative  of  a  particular  make 
rather  than  of  any  essential  peculiarity  in  the  oil. 

The  applicability  of  these  products  for  burning  in  lamps  is  dependent  upon  the 
temperature  at  which  they  take  fire,  or  give  off  inflammable  vapour.  The  tem- 
perature at  which  the  vapour  given  off  by  a  sample  of  oU  takes  fire  by  contact  with 
aflame,  or  the  "flashing-point"  of  the  oil,  lies  a  few  degrees  lower  than  that  at 
which  the  oil  itself  takes  fire  and  continues  to  burn.  In  an  oU  of  good  quality, 
the  flashing-point  should  be  above  any  temperature  which  the  oU  will  attain  durinc^ 
use.  According  to  Chandler,  petroleum,  during  its  consumption  in  glass  lamps'' 
To?  ^'^f  °^^^"g  temperature  of  28°  or  29°  C,  becomes  heated  after  some  hours  to 
to,?''  "f"^  ^  suiTounding  temperature  of  32°  or  33'/,  it  becomes  heated  to 
or  dbf  .  In  lamps  with  metal  vessels,  the  oil  becomes  heated  to  54° ;  therefore 
such  lamps  are  not  to  be  recommended.  According  to  the  standard  adopted  in 
Orreat  Britain  and  the  United  States,  the  flashing-point  of  oil  of  good  quality  should 
be  above  37-G°.  Most  of  the  burning  oil  made  from  petroleum  complies  with  this 
requirement  but  when  it  is  mixed  with  oU  wliich  boils  at  a  lower  temperature  th^ 
nnxture  wil  flash  at  a  much  lower  temperature  than  the  mean  of '^5"  W 
pomts  of  the  mgredients,  as  is  the  case  with  inferior  kinds  of  oil  met  wTth  I" 
commerce,  and  containing  an  admixture  of  naphtha.  Ai.  oil  &^liZ  jf^^  p 
would,  .cording  to  Chandler,  by  the  addition^f  1  per  o^'^^^'J^ 
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its  flashing-point  lowered  to  39°  ;  by  5  per  cent,  of  naphtha,  it  would  be  lowered  to 
28°  ;  and  by  20  per  cent.,  to  4°. 

In  this  country,  petroleum  is  defined  by  Act  of  Parliament  as  being  any  oil 
which  gives  off  an  inflammable  vapour  at  a  temperature  of  less  than  37-6°,  but  the 
method  at  present  in  use  for  determining  this  point  is  very  imperfect,  and  gives 
results  which  are  untrustworthy. 

The  oil  prepared  from  native  petroleum  is  almost  colourless,  but  has  a  slight 
bluish  fluorescence.  It  has  a  specific  gravity  of  about  -810,  and  when  of  good 
quality  only  a  slight  and  rather  aromatic  odour.  It  is  now  entirely  manufactured 
in  America,  and  is  exported  thence  in  very  large  quantities. 

The  oil  obtained  from  bituminous  shale  or  fi-om  coal  is  generally  of  higher 
specific  gravity  ;  it  has  more  colour,  and  a  less  agreeable  smell. 

The  oil  obtained  from  brown  coal  tar,  and  known  by  the  name  of  solar  oU,  is 
almost  colourless,  with  a  slight  yellowish-green  or  blue  fluorescence.  Its  specific 
gravity  is  from  "825  to  -835.  The  lighter  and  more  volatile  portion  of  tlie  oil 
obtained  from  the  same  source,  and  called  photogen,  has  a  specific  gravity  of  from 
•810  to  •825.  The  temperature  at  which  either  of  these  kinds  of  oil  takes  fire 
varies  with  the  specific  gravity,  as  follows  : — 

Photogen 


Solar  oil 


It  may,  therefore,  be  laid  down  as  a  general  principle  that  all  the  valuable 
properties  of  petroleum  as  an  illuniinant  are  afforded  by  the  ordinary  oil  of 
commerce,  which  is  sold  for  the  purpose  of  burning  in  lamps,  and  which  is  always 
to  be  procured  at  the  market  price  of  the  day,  a  price  which  fluctuates  subject  to 
the  operations  of  "  oil-rings  "  in  America  and  elsewhere.  Such  oil  is  always  less 
expensive  than  those  which  are  sold  by  dealers  under  various  special  unmeaning 
names,  and  which,  as  a  rule,  have  nothing  but  their  higher  price  to  recommend 
them.  As  regards  security,  that  is  sulficiently  provided  for,  or  at  least  is  as  much 
provided  for  as  circumstances  will  permit,  by  the  requirements  of  the  Act  of 
Parliament,  which  prohibits  any  petroleum  oU  from  being  sold  by  retail  wHch  has 
its  flashing-point  below  a  temperature  of  100°  Fahrenheit. 

The  risks  incidental  to  the  use  of  petroleum  oil  are— first,  explosions ;  secondly, 

fires. 

The  oil  itself,  as  has  already  been  explained,  is  little  more  than  a  gaseous  hydro- 
carbon condensed  into  a  liquid  form,  and  capable  of  being  brought  into  the  state  of 
gas  or  vapour  by  a  certain  elevation  of  temperature.  The  resulting  gas  or  vapour 
precisely  resembles  coal  gas  in  this,  that  if  mixed  with  a  certain  proportion  of 
atmospheric  air,  it  wiU  explode  when  brought  into  contact  with  flame,  or  with 
incandescent  material  of  any  kind.  If  we  have  a  lamp,  partially  filled  with 
petroleum  oil,  and  containing  air  above  the  level  of  the  petroleum,  and  if  into  this 
air  in  consequence  of  the  oil  being  of  too  volatile  a  character,  or  in  consequejice 


Sp.  Grav. 

Temp.  (C). 

•800 

33^1° 

•806 

37^1° 

•BOB 

45-1'' 

•824    ■  . 

60-0° 

•827 

CB^l" 

•830 

76-0° 

•835 

77-0° 

•845 

92-0° 
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of  the  vessel  being  unduly  heated,  the  vapour  of  petroleum  rises,  and  mixes  with 
the  air  in  a  given  proportion,  and  if  then,  by  any  carelessness,  this  mixture  of  air 
and  vapour  is  brought  into  contact  with  incandescent  material,  an  explosion  will  be 
produced.  The  effect  of  such  an  explosion  will  probably  be  to  shatter  the  con 
taining  vessel,  and  to  allow  the  heated  oil  to  escape,  after,  in  all  probability,  it  has 
already  been  ignited  by  the  flash.  The  burning  oil  has  often  inflicted  serious 
injuries  upon  persons  in  the  room,  and  in  some  instances  has  occasioned  fires 
which  have  only  -with  difficulty  been  extinguished. 

When  petroleum  was  first  taken  into  common  domestic  use,  explosions  of 
the  kind  just  described  were  by  no  means  infrequent,  and  served  to  bring  the 
oil  into  not  altogether  unmerited  disrepute.  They  were  mainly  due  to  two  sets 
of  circumstances — first,  to  much  of  the  oil  then  sold  having  too  low  a  flashing- 
point,  so  that  the  upper  part  of  the  containing  vessel  was  almost  always  full 
of  dangerous  vapoar ;  next,  to  such  a  construction  of  the  lamps  as  rendered  it  easy 
to  turn  down  a  glowing  wick  into  this  vapour  in  careless  attempts  to  extinguish 
them.  The  Petroleum  Act,  by  prescribing  a  safe  flashing-point,  deprived  the  oil  of 
ordinary  commerce  of  its  dangerous  volatility;  and,  at  the  same  time,  lamps 
of  improved  construction  were,  so  made  that  they  could  be  extinguished,  even  with 
more  inflammable  oil,  without  risk  of  bringing  glowing  cotton  into  the  receptacle. 
By  the  combination  of  these  two  influences  the  explosion  of  petroleum  lamps 
is  now  almost  imknowji. 

The  danger  of  petroleum  as  a  source  of  fires  does  not  depend  so  mucli  upon  the 
liability  to  explosion,  just  noticed,  as  upon  the  tendency  to  produce  a  highly- 
inflammable  place  where  the  lamps  are  habitually  trimmed.  Petroleum  is  an 
exceedingly  subtle  fluid,  with  a  capacity  for  evading  restraint  which  is  all  its 
own.  ^  It  will  ascend  the  inside  of  the  oil-vessel,  will  make  its  way  througli  the 
junction  of  the  burner  at  the  top,  and  will  spread  itself  out  in  a  tbin  film  over 
the  external  surface,  of  any  lamp  in  whicb  it  is  used.  If  a  drop  falls  upon  wood,  it 
^ym  creep  into  its  substance  to  a  considerable  depth.  If  a  small  room  or  closet 
13  constantly  used  as  a  place  for  trimming  and  preparing  petroleum  lamps,  the 
small  unavoidable  spiUings  of  each  day  will  in  time  saturate  the  floor  and  the 
table  with  oil,  and  will  render  them  prompt  to  catch  fire  from  any  fallen  match 
or  other  bit  of  smouldering  material.  A  place  thus  prepared  will  not  only  catch 
fire,  but  will  burn  with  great  intensity,  developing  a  degree  of  heat  which  provides 
for  the  rapid  extension  of  the  flames.  On  this  account,  petroleum  is  dangerous 
on  board  ship;  where  it  would  probably  be  better  that  its  use  should  be  prohibited 
altogether.  It  is  also  dangerous,  though  in  less  degree,  at  railway  stations 
especially  such  as  are  constructed  chiefly  of  wood.  In  such  situations,  any  closet 
used  as  a  lamp-room  should  be  lined  with  zinc  or  other  metal;  but,  in  ordinary 
fs  u  e  "  Th         'T'lT?  "P'^'^       non-existent  if  ordinary  care 

of  a  rtm  wdT''  t  ^  "^'^^  tray,  placed  on  the  table 

ot  a  room  nsed  for  other  purposes,  and  the  work  should  be  done  by  daylight 

iJ^JZrll'       "^""^-"-V'"'  ''''^'^'^^■'^  °-^^-filli-g  of  the 

i^venV.]      ,     .  ""V"  '^-^i^l^^^  by  a  simple  and  ingenious  filHn.-can 

mvented  and  patented  by  Mr.  Silber.  which  is  shown  in  Fig.  198.^  The  cu  ved  p"' 
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of  its  spout  contains  two  tubes,  tlie  upper  one  opening  at  the  top  of  the  interior, 
the  lower  one  at  the  bottom,  the  former  serving  for  the  entrance  of  air,  the  latter 
for  the  exit  of  oil.  The  can  itself  is  filled  by  unscrewing  the  plug  in  the  centre  of 
its  sunken  top,  which  is  then  to  be  screwed  down  again.  The  spout  is  to  be  placed 
about  one  inch  inside  the  lamp  reservoir,  and  the  oil  poured  into  the  latter  in  the 
ordinary  way.    As  soon  as  the  oil  in  the  reservoir  rises  to  the  level  of  the  upper 

tube  of  the  spout,  it  closes  the  latter 


to  the  entrance  of  air,  and  no  more 
oil  can  escape.  The  household  stock 
of  oil  may  be  kept  in  a  metallic 
drum  holding  about  five  gallons,  from 
which  it  can  be  drawn  out  into  the 
filling-can  by  a  common  tap. 

We  come  next  to  a  class  of  illumi- 
nants  in  which  hydrogen  and  carbon 
are  combined  with  oxygen  in  various 
proportions,  and  which  includes  the 


ij'iLLisQ  Can. 


oils 
the 


Among 


and  fats  directly  derived  from 
animal  and  vegetable 


kingdoms. 


these,  the  most  important 
oil,  and  that  which  comes  next  to  petroleum,  is  the  so-called  "colza,"  which  is 
obtained  by  expression  from  the  seeds  of  several  varieties  of  the  genus  hrassica, 
called  comprehensively  "  rape-seed,"  but  with  which  other  vegetable  oils  are 
mixed.  The  vegetable  oils,  as  first  expressed,  contain,  a  quantity  of  mucus  and 
other  albuminous  matter,  which  interferes  with  their  use  in  lamps  by  clogging 
the  wicks  with  ^charred  material,  and  which  is  removed,  more  or  less  completely, 
by  various  chemical  processes  which  it  is  not  necessary  here  to  describe.  Colza 
oil  is  less  volatile  than  ordinary  petroleum  oil,  less  inflammable,  more  viscid, 
and  requires  burners  of  different  construction.  It  is  also  considerably  more 
expensive ;  but  its  light  is  genei-ally  of  a  very  agreeable  quality,  it  gives  ofi"  no 
injurious  vapours,  and  its  employment  is  entirely  free  from  risk.  On  account 
of  these  advantages,  coupled  with  its  lower  price,  it  has  entirely  superseded  sperm 
oil,  procured  from  the  cachalot,  or  sperm  whale,  which  was  once  greatly  prized  as  a 
means  of  domestic  illumination  of  a  superior  kind. 

The  lamps  in  which  petroleum  oil  was  burned  when  it  was  first  introduced  into 
ordinary  consumption  were  of  a  very  simple  and  inexpensive  character,  and  the  oil 
itself  was  for  a  long  time  regarded  as  an  inferior  source  of  light,  suitable  for 
cottages,  or  for  the  rooms  occupied  by  domestics,  but  not  adapted  for  the  living- 
rooms  or  reception-rooms  of  the  wealthier  classes.  The  conmion  petroleum  lamp 
had  a  single  flat  wick,  of  a  width  varying  with  the  size  of  the  lamp,  and  this 
Avick  was  scarcely  at  all  elevated  above  the  level  of  its  containing-tube.  The 
flame  itself  found  issue  through  a  slit  in  a  sort  of  dome  or  cap,  which  covered 
the  wick-tube,  and  served  to  regulate  the  aii--supply  in  the  manner  and  degree 
suited  to  the  requirements  of  the  fuel.  The  lamps  were  apt  to  exude  petroleum, 
and  in  this  way  to  produce  more  or  less  smell  in  the  rooms  where  they  were  used, 
and  the  smell  of  extinguishing  them  was  especially  olFensive.  The  lamps  themselves 
were  nob  ornamental,  the  containing-vessels  being  usually  blown  of  cheap  glass, 
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with  moulded  patterns,  and  the  metal-work  of  the  burners  being  of  the  thinnest 
and  most  trumpery  description. 

The  first  step  in  advance  of  this  state  of  things  was  made  by  Messrs.  Mmks, 
of  Bii-mingham,  who  greatly  improved  the  illumination  afi"orded  by  petroleum 
by  the  construction  of  their  "duplex"  burner,  in  which  the  single  flat  wick 
was  replaced  by  two  parallel  ones.  The  light  given  by  these  lamps  was  so 
much  better  than  any  previously  obtained,  that  it  became  worth  while  to  improve 
the  manufacture  of  the  oil  vessels  and  burners,  so  as  to  produce  table  lamps 
of  an  ornamental  character;  and  this  improvement  coincided  with  a  general 
diminution  of  the  fear  of  petroleum  explosions  which  had  formerly  been  not 
unreasonably  entertained.  These  duplex  lamps  found  admission  into  many  good 
houses,  and  paved  the  way  for  the  improvements  which  have  since  been  made. 

When  Mr.  Silber  first  began  to  devote  his  attention  to  the  best  methods  of 
obtaining  artificial  light,  his  experiments  were  chiefly  or  entirely  made  with 
petroleum;  and  he  succeeded  after  a  time  in  obtaining  two  desiderata,  the  first 
being  a  much-improved  illumination,  the  second  a  convenient  way  of  supplying  the 
fuel  to  the  lamps.  His  original  petroleum  burner  was  an  argand  with  an  internal 
tube,  constructed  upon  the  same  principles  which  he  has  since  applied  so  successfully 
to  the  improvement  of  the  argand  gas-burner,  and  it  was  fed  by  oil  laid  on 
through  tubes  from  a  reservoir,  precisely  after  the  manner  of  gas.  The  lamps  were 
attached  to  wall  brackets,  and  behind  each  bracket  was  a  small  reservoir,  wliich 
was  fed  from  the  general  one  to  the  extent  permitted  by  a  stopcock  governed 
by  a  little  float,  which  kept  the  oil  always  at  the  same  level.  The  general  reservoir, 
which  fed  the  small  ones,  was  at  the  top  of  the  house,  and  had  a  tube  running 
down  to  communicate  with  the  sewer,  so  that,  in  case  of  fire  on  the  premises, 
the  large  reservoir  could  be  at  once  emptied  into  the  sewer  by  turning  a  stopcock  on 
this  tube,  and  all  risk  could  in  this  way  be  obviated.  Mr.  Silber  fitted  up  a  portion 
of  his  wai-ehouse  in  Wood  Street  with  oil  lamps  thus  supplied ;  and,  when  any  one 
of  the  lamps  was  extinguished,  inasmuch  as  its  consumption  of  oil  was  stopped,  the 
float-governed  stopcock  prevented  the  admission  of  any  more  to  the  small  reservoir, 
and  prevented  waste.  The  arrangement  was  even  more  simple  than  that  commonly 
adopted  for  gas,  because,  in  order  to  prevent  the  escape  of  the  fuel,  it  was  only 
necessary  to  put  out  the  light,  not  even  to  turn  any  tap.  One  three-branch 
chandelier  in  Wood  Street  was  so  constructed  as  to  burn  petroleum  with  one  branch, 
colza  with  another,  and  gas  with  the  third.  A  full  description  of  the  arrangement, 
with  illustrative  sectional  drawings,  was  given  in  the  Journal  of  the  Society 
of  Arts,  with  a  paper  read  by  Mr.  Silber  on  the  21st  of  December,  1870  ;  and  in  this 
paper  he  mentioned  that  the  inspectors  of  the  principal  fire  offices  had  visited  his, 
place  of  business,  and  had  pronounced  the  method  of  petroleum-supply  to  be 
in  eveiy  respect  as  safe  as  the  use  of  gas. 

Mr.  Silber  had  to  overcome  unexpected  difficulties  in  the  method  of  lighting 
referred  to,  on  account  of  the  tendency  of  petroleum  to  exude  through  or  otherwise 
aflect  many  metallic  and  other  substances.  It  could  not  be  conveyed  through 
ordinary  gaspipe,  but  it  was  at  last  found  that  pipes  of  pure  tin  might  be  employed. 
There  was  a  difficulty  of  the  same  kind  in  obtaining  a  suitable  material  for  the 
floats  to  govern  the  stopcocks,  but  this  was  overcome  by  the  use  of  thin  porcelain. 
A-t  present,  the  plan  possesses  no  more  than  a  theoretical  interest,  inasmuch  as 
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Ml-.  Sil'Der  is  not  disposed  either  to  work  the  patents  covering  it,  or  to  allow 
them  to  be  worked  by  others.  He  permits  and  recommends  the  arrangement 
in  hothouses,  where  the  self-acting  floats  will  keep  a  petroleum  lamp  or  heatin<r 
apparatus  at  a  uniform  level  from  night  to  morning,  without  any  attendance 
being  required. 

Mr.  Silber's  argand  petroleum  burners  were  a  considerable  advance  upon 
any  which  had  preceded  them ;  but,  after  a  time,  in  consequence  of  the  demand  for 
flat-flame  burners,  he  extended  his  investigations  to  the  improvement  of  these  also. 
The  flat-flame  burners  manufactured  by  him  are  of  two  chief  kinds,  called  respectively 
the  "  Miratus  "  and  the  "  Miratus  Duplex." 

The  Silber  petroleum  argand  burner  is,  as  already  stated,  almost  identical, 
as  regards  air-supply,  with  the  Silber  argand  gas-burner,  Avhich,  indeed,  was 
modelled  upon  it,  and  owes  its  existence  to  the  experiments  made  in  the  first  instance 
with  petroleum.  In  certain  details  of  construction,  of  course,  the  two  burners 
difier,  in  accordance  with  the  physical  differences  of  tlie  fuels  Avhich  they  are 
respectively  intended  to  consume. 

By  means  of  the  regulation  of  the  air-supply,  the  combustion  is  so  far  perfected 
that  less  petroleum  oil,  light  for  light,  is  consumed  by  this  burner  than  by  any  other. 
As  compared  with  the  well-known  "  Kosmos  "  burner,  for  example,  which  is  also  an 
argand,  it  gives  from  3 '5  to  4  more  candles  of  illumination  for  the  same  consumption 
of  oil.  It  also  differs  from  the  "  Kosmos"  burner  in  the  arrangement  of  its  air- 
supply,  the  Kosmos  having  only  one  current  of  air  within  the  flame.  The  latest 
fi  rm  of  the  Silber  argand  has  an  additional  improvement  in  the  method  of 
introducing  a  new  wick,  which  is  done  from  the  top  of  the  burner  without  removing 
it  from  the  lamp. 

The  Silber  "Miratus"  is  intended  to  meet  the  popular  demand  for  a  flat-flame 
single  burner.  It  has  a  single  wick  of  If  inch  in  width,  and  is  so  constructed  that, 
according  to  experiments  made  by  the  late  Professor  Valentin,  of  the  Royal  College 
of  Chemistry,  it  affords  the  same  amount  of  light  as  the  original  Dui)lex,  at  a  some- 
what less  expenditure  of  oil. 

The  Miratus  Duplex  burner  has  two  air  restrictors  of  fine  wire  gauze  within  the 
body,  or,  as  it  is  technically  called,  the  basket,  of  the  burner ;  the  upper  one  being 
arched,  and  the  lower  of  inverted  conoidal  form.  This  arrangement  not  only  renders 
the  lamp  less  liable  to  smoke  when  carried  about,  but  also  very  much  facilitates 
trimming,  since  the  wicks  only  require  to  be  cut  off"  straight,  or  level  with  the  tops 
of  their  containing  tubes.  It  has  been  found  by  experiment  that  with  a  single 
horizontal  air-restrictor  only  twenty-five  candle-light  can  be  obtained  from  this 
burner,  but  the  double  gauze  improves  the  combustion  and  increases  the 
illuminating  power. 

The  extinguisher  of  the  Miratus  Duplex  consists  of  two  tubes,  external  to  the 
wick-tubes  and  surrounding  them,  which  are  raised  above  the  level  of  the  flame 
by  a  simple  lever,  and  which  can  be  depressed  again  by  its  means.  By  this 
arrangement,  the  brilliancy  of  the  illumination  can  be  diminished  at  pleasure,  by  the 
simple  expedient  of  somewhat  raising  the  extinguisher  tubes  ;  and,  when  the  tubes 
are  lowered,  the  flame  will  recover  its  former  brightness.  In  a  quite  recent  form  of 
the  Miratus  a  channel  is  provided  through  which  a  match  can  be  introduced  from 
without,  and  fixed  in  such  a  position  that  it  may  be  ignited  by  raising  the 
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extinguisher  lever.  By  this  contrivance  the  lamp  can  be  lighted  without  removing 
either  the  globe  or  the  chimney-glass,  and  the  match  can  be  withdrawn  as  soon  as 
it  has  fulfilled  its  purpose.  In  Hinks's  Duplex,  when  tbe  lever  is  depressed,  the 
flame  is  extinguished  by  two  little  metallic  shutters,  which  are  thrown  over  it 
by  the  action  of  released  springs. 

An  especial  advantage  of  the  Miratus  Duplex  is  that  it  affords  an  equable 
lio-ht  for  six  hour.?  or  more,  while  in  most  other  lamps  the  light  will  diminish  in  the 
same  time  from  twenty-five  to  fifteen  candles.  This  result  is  obtained  by  attaching 
to  the  bottom  of  the  burner,  between  the  two  wicks  Avhich  are  being  consumed,  two 
additional  ones  of  highly  porous  material,  which  reinforce  the  capillary  attraction  of 
the  others,  and  maintain  the  adequacy  of  the  oil-supply  as  the  level  of  the  fluid  sinks. 

The  general  result  of  a  comparison  between  the  Silber  and  other  flat-flame 
burners  appears  to  be  in  favour  of  the  former  on  all  grounds,  the  difference  between 
it  and  the  best  of  them  not  being  great,  but  sufficient  to  justify  a  preference. 
The  Silber  petroleum  argand  is,  perhaps,  still  better,  but  it  is  not  so  easily  managed 
by  tlie  average  servant. 

For  burning  colza  oil,  the  common  moderator  lamp  has  been  widely  used,  and 
also  the  so-called  "  Queen's  Reading-lamp,"  both  of  which  have  common  argand 
burners.  The  common  Queen's  reading-lamp  is  almost  too  well  known  to  need 
description.  It  is  chiefly  manufactured  by  Stobwasser  of  Berlin,  and  is  sold  by  English 
retailers  at  prices  which  are  much  governed  by  the  locality  of  the  shop.  It  is  made 
in  brass  or  German  silver,  and  the  latter  is  often  electro-plated.  It  is  furnished 
with  a  semicircular  glass  shade,  either  of  white  opal  glass  or  of  green  glass  mth  a 
white  lining,  the  former  being  the  best  when  general  illumination  of  the  room  is  to 
be  combined  with  table  lighting,  the  latter  for  table  lighting  only.  The  German 
lamps  are  fitted  with  common  argand  burners,  which  afford  a  light  about  equal  to 
that  of  twelve  candles ;  and  this  amount  can  be  nearly  doubled  by  the  use 
of  Silber  burners  instead.  The  common  burners  will  consume  only  colza  oil, 
while  the  Silber  burners  for  petroleum  can  be  obtained  if  desired ;  but  the 
difficulties  of  overcoming  petroleum  leakage  in  lamps  of  this  class  are  almost 
insuperable,  and  colza  is,  as  a  rule,  much  to  be  preferred  for  them.  To 
these  lamps  Mr.  Silber  has  applied  his  argand  burner  with  the  same  success 
as  in  other  directions.  Except  in  points  of  detail,  it  does  not  differ  from  the 
Silber  argand  for  gas  or  for  petroleum;  its  peculiarity  being  the  inner  tube, 
which  forms  an  inner  central  air-current,  and  the  metal  cone  which  directs  the 
three  air-currents,  the  one  without  and  the  two  within  the  flame,  to  those  parts  of 
it  where  they  will  exert  the  most  favourable  influence  upon  the  combustive  process. 
The  light  thus  obtained  is  greatly  in  excess  of  that  which  is  afforded  by  the  common 
burner,  but  the  particulars  of  the  various  kinds  of  illumination  will  be  most  fitly 
dealt  with  in  instituting  a  comparison  between  them  all. 

In  order  to  do  this,  it  will  be  well  to  commence  by  a  reference  to  candles,  tlie 
favourite  illuminating  agents  of  the  early  part  of  the  present  century,  and  which 
for  some  purposes,  still  hold  their  ground  in  public  favour.  The  best  candles  are 
the  so-called  "  sperm,"  which  are  used  for  testing  the  quality  of  gas  under  various 
Acts  of  Parliament,  and  each  of  these  candles  consumes  an  average  of  120  orains  of 
fuel  per  hour.  The  average  cost  of  sperm  candles  is  2s.  Gd.  for  a  pound  weir^hinw 
7,000  grains.  °  ° 
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Let  it  be  supposed,  as  a  basis  of  calculation,  that  a  uniform  light  of  twenty 
candles  is  required  for  a  period  of  100  hours.  The  cost  of  obtaining  it  by  different 
forms  of  fuel  would  be  as  follows  : — 

Twenty  sperm  candles  would  burn  2,400  grains  per  hour,  or  a  total  of  240,000 
.grains.  This  amount,  divided  by  7,000,  the  number  of  gi-ains  in  a  pound,  gives 
34-28  lbs.,  or  a  cost  of  £4  5s.  Qd.  Ozokerit  candles,  which  cost  a  shilling  a  pound, 
would  yield  the  same  result  for  £1  14s.  3d. 

Colza  oil,  burned  in  moderator  lamps  with  Mr.  Silber's  burner,  is  consumed, 
according  to  the  experiments  of  Professor  Valentin,  at  the  rate  of  49  grains  for 
each  candle-light  per  honr.  This  would  give,  for  twenty  candles  for  100  hours,  a 
total  consumption  of  98,000  grains,  or  an  expense,  reckoning  9  lbs.  to  the  gallon 
and  3s.  6c?.  per  gallon  as  the  price,  of  5s.  5d.  Ordinary  moderators  consmne 
65  graijas  per  candle-light  per  hour ;  and  with  them  the  cost  would  therefore  be 
7s.  2d.  for  the  same  result. 

Petroleum  oil,  also,  when  burned  in  Silber  burners,  is  consumed  at  the  rate  of 
48  grains  per  hour  for  each  candle-light,  so  that  84,000  grains  would  be  required 
for  the  twenty  candles  for  100  hours.  This,  at  Is.  id.  per  gallon  of  eight  pounds, 
would  cost  2s.  As  between  the  solid  and  liquid  fuels,  therefore,  candles  are  a  very 
costly  luxury  when  compared  with  colza  oU,  and  this  again  is  two  and  a  half  times 
the  price  of  petroleum. 

The  means  of  extending  the  comparison  to  gas  are  afforded  by  the  Report  which 
has  already  been  so  largely  quoted.  Gas  in  London  costs  3s.  4d  per  thousand  cubic 
feet,  and  we  have  seen  that  this  gas,  when  burned  in  the  tubular  argand  of 
Mr.  Silber,  or  in  the  argand  burner  of  Mr.  Sugg,  which  is  nearly  as  good,  affords 
a  light  equal  to  that  of  18*6  candles  for  a  consumption  of  5  cubic  feet  per  hour. 
It  follows  that  the  light  of  twenty  candles  for  100  hom-s  would  be  afforded  by  a 
consumption  of  537  cubic  feet,  which  would  cost  Is.  9^d.  The  best  of  the  flat-flame 
burners  gave  16 '2  candle-light  for  the  consumption  of  5  cubic  feet  of  gas;  so  that 
for  twenty  candles  for  100  houi's  the  consumption  would  be  617  cubic  feet,  at  a  cost 
of  2s.  O^d.  Against  the  economy  of  argand  buiuiers,  whether  for  gas  or  for 
petroleum,  it  has  to  be  considered  that  their  use  is  attended  by  expenses  incidental 
to  the  breakage  of  chimney-glasses,  not  only  from  accident  or  carelessness  but  also 
from  defective  annealing.  I  have  seen  the  chimney  of  an  argand  gas-burner  crack 
in  the  middle  of  the  day,  when  nobody  was  toucliing  it,  mei-ely  from  molecular 
changes  incidental  to  variations  in  the  temperature  or  moisture  of  the  atmosphere. 
It  would  be  very  difficult,  if  not  impossible,  to  reduce  such  accidents  to  anything 
which  could  be  called  an  average. 

Such  being  the  facts  with  regard  to  relative  cost,  it  is  next  necessary  to  inquire 
into  other  features  of  each  fuel  which  may  properly  be  made  the  subjects  of  com- 
parative statement.  It  has  already  been  mentioned  that,  soon  after  gas  came  into 
general  use,  it  had  to  be  abandoned  in  many  places,  such  as  clubs  and  public  libraries, 
on  account  of  its  injurious  effects  upon  books,  pictures,  and  furniture  ;  and  candles 
were  again  taken  into  favour  and  are  still  employed  in  some  of  such  places.  In  the  Pans 
Opera  House,  according  to  tlie  Times  of  October  10,  1882,  the  introduction  of  Swan 
electric  lamps  has  been  most  prominent  in  the/oi/er,  "  the  extremely  elaborate  decora- 
tions of  which  have  been  entirely  spoilt  by  the  ruthless  effects  of  gas."  If  we  examine 
the  gas-burners  which  were  abandoned  many  years  ago,  and  ascertain  what  was  their 
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illuminating  power,  we  shall  find  that  in  order  to  afford  twenty  candlelight  for  an  hour 
they  had  to  consume,  or  waste,  at  least  12-5  cubic  feet  of  gas,  or  more  than  7  cubic 
feet  in  excess  of  the  quantity  now  required,  with  the  best  argands,  to  produce  the 
same  effect.  It  is  therefore  obvious  that  a  large  amount  of  gas  was  either  wholly 
wasted,  or  at  best  liberated  into  tlie  air  of  rooms  in  a  partially-consumed  condition, 
wMch  substituted  various  noxious  compounds  for  the  carbonic  acid  and  water  which 
are  the  results  of  finished  combustion.  It  was  no  doubt  on  account  of  these  noxious 
compounds,  rather  than  on  account  of  any  results  necessary  to  its  use,  that  gas  fell 
into  comparative  disrepute ;  and  it  will  probably  be  found  that  better  methods  of 
burning  will  at  least  produce  a  great  diminution  of  such  disadvantages,  even  if  they 
do  not  entirely  obviate  them. 

It  must  not  be  forgotten  that  gas,  when  first  introduced,  was  at  once  used  in 
such  quantities  as  to  afford  a  much  larger  amount  of  light  than  had  ever  been 
expected  from  wax  or  sperm  candles ;  and  that,  if  wax  candles  had  been  used  in 
sufficient  quantities  to  produce  as  much  light  as  was  expected  from  gas,  the  dele- 
terious effects  of  their  combustion  would  have  been  very  appreciable.  "We  have 
seen  that  120  graius  of  sperm  are  required  to  afford  the  same  amount  of  light  which 
is  given  by  42  grains  of  petroleum  ;  and  it  is  clear  from  this  that  something  like 
78  gi-ains  of  the  solid  fuel  must  be  dissipated  every  hour,  in  a  more  or  less  uncon- 
sumed  condition,  through  the  air  of  the  apartment.  Persons  whose  respiratory  • 
organs  are  sensitive  rapidly  discover  the  presence  of  too  many  lighted  candles  in 
a  room  (too  many,  that  is,  either  for  the  cubic  space  or  for  the  quantity  of  air- 
supply),  by  reason  of  a  peculiar  stuffy  sensation  which  is  produced  by  inhaling 
pai-ticles  of  unconsumed  and  minutely-divided  carbon ;  but  it  has  to  be  remembered 
that,  in  the  case  of  gas,  there  will  not  only  be  this  source  of  discomfort,  but  also 
the  presence  of  sulphur  compounds  from  which  candles  are  free.  It  is  the  sulphur, 
in  all  probability,  which  confers  upon  gas  its  power  of  injuring  inanimate  substances ; 
and  it  is  hence  that  gas,  notwithstanding  its  convenience  and  economy,  continues  to 
be  objectionable  for  rooms  which  contain  books,  paintings,  sculpture,  or  valuable 
furniture  of  any  kind.  Science  has  done  much  to  diminish  the  objections  to 
its  use  by  means  of  improved  burners,  but  there  are  as  yet  no  facts  to  show  what 
degi-ee  of  success  has  been  obtained.  The  danger  has  been  diminished,  certainly 
in  some  degree,  and  perhaps  in  a  very  great  degree  if  due  regard  be  had  to 
the  relative  proportion  between  the  amount  of  illumination  and  the  cubic  space 
of  the  room,  as  well  as  to  the  arrangements  for  renewal  of  the  contained  air  by 
ventilation ;  but  it  is  likely  to  be  long  before  the  proprietors  of  perishable  articles  of 
value  will  be  content  to  expose  them  to  even  the  smallest  possible  injury  which  gas- 
lights may  effect.  I  am  acquainted  with  a  country  house  in  which  a  drawing-room 
containing  many  rare,  choice,  and  beautiful  things  is  lighted  by  gas  in  a  manner 
wliich  allows  no  injury  to  be  done,  but  which  could  only  be  accomplished  where,  as  in 
the  instance  in  question,  there  is  no  other  room  above.  In  this  case  the  upper 
portion  of  the  walls  is  curved,  ia  such  a  manner  that  the  ceiling  is  somewhat  smaller 
than  the  floor-space,  and  this  ceiling  is  of  ground  glass.  The  gas-lights  are  placed 
above  the  ground  glass  ceiling,  in  a  chamber  of  which  it  forms  the  floor,  and  a  flood 
of  soft  light  is  diffused  downwards,  without  heat,  without  smell,  without  contamina- 
tion of  the  air,  and  without  the  possibility  of  injury  either  to  the  health  of  livin<^ 
beings  or  to  the  perfection  of  works  of  art.  " 
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The  dangers  Avhicli  were,  once  incidental  to  the  use  of  petroleum  may  now  be 
regarded  as  wholly  belonging  to  the  past,  and  have  been  sufficiently  referred  to  in 
tlie  context,  unless  it  be  to  point  out  that  a  petroleum  lamp  may  at  any  time  be- 
rendered  offensive,  or  even  dangerous,  by  a  servant  who  does  not  understand  its 
management.  When  properly  trimmed  and  properly  lighted  (and  these  conditions 
are  very  simple  and  easy  of  fulfilment),  the  lamp  gives  a  sustained  and  brilliant  light 
without  .smell ;  but  a  small  depai'ture  from  the  proper  positions  of  the  wicks  will 
occasion  a  very  disagreeable  and  penetrating  odour,  and  the  accidental  omission  to 
light  one  of  the  wicks  of  Ja  duplex  burner  has  before  now  occasioned  an  explosion. 
It  has  been  already  said  that  petroleum  is  almost  identical  in  composition  with  gas, 
from  which  it  differ  chiefly  in  retaining  the  fluid  form  at  ordinary  temperatures; 
and  it  follows  that  it  is  scarcely  more  to  be  recommended  than  gas  itself  for  the 
lighting  of  rooms  in  which  very  valuable  property  is  contained. 

It  remains  to  consider  whether  colza  oil  is  a  more  desirable  illuminating  agent 
than  any  of  the  foregoing ;  and,  if  we  take  into  consideration  that,  with  the  Silber 
argand  burner,  its  waste  is  brought  within  very  narrow  limits,  there  can  be  little 
question  that  it  offers  advantages  for  all  places  where  it  is  of  paramount  importance 
to  avoid  the  suspicion  or  possibility  of  risk  to  life  or  to  property.  The  figures 
already  given  show  that  colza  is  an  expensive  lamp-fuel  as  compared  with 
petroleum ;  and  it  may  be  added  that  the  lamps  in  Avhich  it  can  be  consumed  with 
advantage  are  necessarily  of  a  more  expensive  construction,  and  that  they  also 
reqiiire  more  time  and  care  in  trimming,  and  in  keeping  them  clean  and  in  good 
order.  ITotwithstanding  this,  when  it  is  considered  that  no  danger  can  arise  in 
connection  with  their  use,  and  that  the  light  which  they  afford  is  as  pure  and 
brUliant  as  can  be  desired,  there  is  little  more  to  be  said  than  that  they  are  the 
best  of  all  lamps  when  expense  is  a  secondary  consideration,  and  when  purity  of 
atmosphere  is  of  the  first  importance.  Colza  oil  differs  from  petroleum  in  contain- 
ing oxygen  as  one  of  its  ingredients,  so  that  it  may  to  some  extent  be  said  to  carry 
with  it  its  own  supporter  of  combustion,  and  to  be  somewhat  less  dependent  than 
any  other  oil  upon  the  quantity  of  atmospheric  air  which  gains  access  to  its 
flame. 

There  is  a  lamp  of  recent  introduction  which  is  not  without  some  merit,  and 
wliich,  thei'efore,  deserves  brief  notice.  It  is  manufactured  in  America,  from  a 
design  which  was  originally  French,  and  is  sold  as  the  "  Empress  "  lamp.  It  has  a 
flat  wick,  and  burns  petroleum  without  a  chimney,  the  regulation  of  the  air-supplj^ 
being  effected  by  the  rapid  revolution  of  a  fan,  which  is  situated  beneath  the  flame, 
and  is  worked  by  clockwork.  The  Empress  lamp  gives  a  flame  of  very  pure  white 
colour,  and  the  vase,  which,  in  all  the  specimens  I  have  seen,  is  nickel-plated,  is  of 
good  design.  Its  faults  are  a  large  consumption  of  fuel  for  light  given,  and  a  rapid 
decrease  in  the  amount  of  light  after  the  first  hour ;  while  the  whirr  of  the  fan  and 
its  clockwork  are  very  objectionable  to  sensitive  people.  Moreover,  if  the  clockwork 
happens  to  run  down  while  the  lamp  is  still  burning,  the  flame  immediately  begins 
to  smoke ;  and,  if  this  chanced  to  occur  when  there  was  nobody  in  the  room,  the 
result  would  be  eminently  disagreeable.  The  lamp  starts  with  an  illumination  equal 
to  twelve  candles ;  and  this,  after  an  hour,  soon  falls  to  about  eight,  at  which  point 
it  remains  nearly  stationary  until  the  clockwork  stops  or  the  oil  is  consumed.  The 
clockwork  is  said  to  run  for  thirty  hours  when  fully  wound,  but  this  has  scarcely 
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been  tme  of  the  lamps  which  I  have  seen  in  action,  and  is,  indeed,  a  much  longer- 
time  ^an  could  be  ither  necessary  or  desirable.  The  flame  is  usua  ly  covered  by 
some  W  of  glass  shade,  of  a  shape  adapted  to  the  tastes  or  wants  of  the  purchaser  ; 
Jnd  it  may  belaid  of  the  lamp,  in  a  general  way,  that  it  ^-^J^^^fj^^^  '^^ 
moderate  illumination  is  necessary,  and  when  the  noise  it  not  objected  to.  Ih  s 
noise  may,  of  course,  be  very  much  damped  by  placing  the  lamp  upon  a  thick 
tablecloth  of  some  woollen  material.  With  a  graceful  shade,  the  lamp  is  a  pleasing 
object;  but  against  this  must  be  set  the  largeness  of  its  consumption  of  oil,  whicb  is 
not  only  wasteful,  but  also  a  source  of  contamination  to  the  atmosphere. 

Of  lamps  as  articles  of  decoration,  this  treatise  is  hardly  the  place  to  speak,  and 
it  is  sufficient  to  say  that  the  burners  already  mentioned  can  be  obtained  attached  to 
vases  of  all  materials,  and  of  every  degree  of  beauty  and  ugliness.  Silver  or  plated 
metal,  real  or  imitation  bronze,  glass,  and  china,  form  the  most  ordinary  materials  ; 
and  one  lamp-dealer  appears  to  enjoy  a  monopoly  of  the  sale  of  lamps  attached  to, 
or  supported  by,  stuflPed  birds  or  animals.  It  will  be  conceded,  I  presume,  by  the 
majority  of  people,  that,  as  birds  and  beasts  do  not  support  lamps  when  living,  it  is 
questionable  taste  to  make  them  do  so  when  dead ;  and  a  polar  bear,  holding  a  lamp 
in  one  paw  and  hugging  a  turkey  with  tbe  other,  has  always  appeared  to  me  to  be 
a  triumph  of  grotesque  unfitness  and  ugHness.  This  sort  of  thing  has,  nevertheless, 
its  attractions  for  some  people ;  and  I  know  of  no  right  on  the  part  of  others  to 
quaiTel  -with  them.  Wliether  any  given  taste  be  good  or  bad,  it  is  at  least  certain 
that  in  London  it  can  be  indulged  to  the  utmost. 
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CHAPTER  XL VI. 

GENERAL  CONCLUSIONS. 
Gas  not  advisable  foi  Houses — Evils  of  a  Small  ■p'lnrr,^,     t>  j  ^ 

On  a  review  of  the  whole  subject  it  would  seem  that,  although  the  maiiy 
conyeniences  attendant  upon  the  use  of  gas  will  always,  or  at  least  untU  the 
electric  hght  is  more  generally  available,  render  it  the  best  means  of  illumination 
for  shops  factories,  warehouses,  theatres,  and  pubhc  buildings  and  places  generally, 
yet  that  for  private  houses  its  use  may  with  advantage  be  limited  to  the  basement 
ofiices,  and  staircases.    Its  introduction  into  bed-rooms  is  very  undesirable  from  a 
sanitary  point  of  view,  since  it  consumes  much  oxygen,  and  therefore,  if  habitually 
ighted  by  the  servants  before  the  members  of  the  family  retire  to  rest,  it  vitiates 
the  atmosphere  of  the  bed-rooms  before  the  time  comes  when  that  atmosphere  is  to 
be  called  upon,  generally  with  very  imperfect  arrangements  for  its  renewal,  to 
supply  the  respiratory  wants  of  the  sleepers.    It  is  a  common  error  to  suppose 
that  the  extent  of  this  vitiation  is  so  small  as  to  be  of  no  moment,  when  the  -as 
flame  itself  is  very  small,  turned  down  so  low  as  to  be  just  visible,  and  left  thus  as  a 
mere  matter  of  convenience,  in  order  that  it  may  be  turned  up  without  the  trouble 
of  lighting  when  it  is  required.    A  small  flame  does  not,  of  course,  consume  so 
much  oxygen  as  a  large  one,  neither  does  it  produce  so  much  carbonic  acid,  nor  so 
much  elevation  of  temperature.    On  the  other  hand,  the  imperfect  combustion 
which  is  an  incident  of  a  small  flame  means  that,  instead  of  carbonic  acid  and 
water,  the  air  becomes  loaded  with  partially-burnt  hydro-carbons  and  other  noxious 
products;  and  any  one  with  a  fine  sense  of  smell,  and  a  sensitive  respii-atory 
surface,  who  goes  into  a  room  which  has  been  shut  up  with  a  small  gas-flame  left 
burning  in  it,  will  instantly  perceive  the  very  objectionable  character  which  has 
been  conferred  upon  the  contained  air.   Of  course,  it  is  still  worse  when  a  bed-room 
gas-burner,  turned  down  to  its  lowest  point,  is  made  to  do  duty  for  a  night-light, 
and  to  continue  its  process  of  air-poisoning  until  the  morning. 

For  bed-rooms,  generally  speaking,  there  can  be  no  doubt  that  candles  are  the 
best  iUuminants,  and  a  pair  of  candles  on  the  mantelpiece,  and  another  pair  on  the 
dressing-table,  with  a  box  of  safety  matches  in  a  known  position,  where  they  can  be 
found  in  a  moment,  leave  nothing  to  be  desired  in  the  way  of  convenience.  "When 
more  light  is  required,  as  when  a  lady  is  dressing  for  the  evening,  a  lamp  in  any 
convenient  position,  and  the  addition  of  candles  to  the  sconces  attached  to  the 
dressing-mirrors,  will  be  sufficient  for  all  purposes.  For  tlie  night,  a  caudle  and 
safety  matches  upon  a  bedside  table,  which  will  render  it  possible  to  obtain  a  light  in 
a  moment  if  it  is  required,  are  much  to  be  preferred  to  the  use  of  a  night-light.  The 
latter  not  only,  in  some  degree,  vitiates  the  air,  but  it  also  takes  away  what,  for 
many  people,  is  an  essential  condition  of  the  deepest  and  most  refreshing  sleep, 
namely,  darkness.    It  is  well  to  accustom  children  to  sleep  in  the  dark  fi'om  their 
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earliest  years,  before  the  foolish  fears  and  fancies  so  often  connected  with  it  have 
r  tTme  to  be  nut  into  their  heads  by  mischievous  or  superstitious  people. 

Ses  the';  a"e   already  enumerated,  the  only  rooms  in  which  I  would  have 
ordinarv  dwellin-house  are  those  in  which,  on  account  of  some  pursuit 
foc^ipTti"^^  ligl-  is  liable  to  be  required  ^^^^^^^fl^^^^l 

odd  t  mes.  For  example,  I  have  gas  in  my  own  consulting-room,  because  there  on 
any  da"k  morning,  I  may  desire  to  light  up  the  objects  which  are  used  as  tests  for 
the  acuteness  of  ksion,  and  to  vary  the  amount  of  light  with  precise  reference 
to  the  degree  of  the  external  deficiency.  ,  ^  m 

In  the  li-hting  of  reception-rooms,  or  rooms  for  general  family  use,  oil  lamps 
Are  by  far  the  most  desirable  means  of  any  which  are  now  available;  and,  as 
already  stated,  colza  lamps  should  be  preferred  to  petroleum  for  rooms  of  very 
choice  contents,  or  in  which  cost  is  a  secondary  consideration.  The  absolute 
amount  of  light  employed,  and  the  manner  of  its  distribution,  must  vary,  of  course, 
^yith  the  nature  of  the  occasion  and  with  the  uses  to  which  the  room  is  habitually 
applied ;  but  several  conditions  at  once  suggest  themselves.  There  is  the  lighting  for 
the  reception  of  company,  as  for  an  evening  entertainment,  the  lightmg  of  a  room 
for  a  smaller  circle,  assembled  to  talk,  or  to  hear  music,  or  at  least  not  to  follow 
any  definite  occupation,  the  lighting  of  a  room  for  dinner,  and  the  lighting  for  that 
daUy  use  in  which  some  members  of  a  family  may  desire  to  read,  to  write,  or  other- 
wise to  apply  their  eyes  to  near  objects,  while  others  are  content  to  be  unemployed. 
There  is  also  the  lighting  of  a  room  for  the  purposes  of  study,  whether  it  be  the 
library  of  an  adult  or,  what  is  still  more  important,  the  room  in  which  children 
prepare  their  lessons  by  the  aid  of  small  and  badly-printed  books. 

In  lighting  up  a  room  for  an  evening  entertainment,  as  a  dance  or  a  con- 
versazione, the  objects  to  be  secured  are  that  the  light  should  be  suflacient  to 
exhibit  the  beauties  of  women,  of  dress,  of  jewels,  and  of  any  pictures  or  other 
attractive  objects  upon  the  tables  or  walls ;  while  at  the  same  time  it  should  not 
occasion  distress  by  being  excessive  in  amount,  or  by  the  direction  of  its  rays.  It 
shoidd  also  be  of  the  purest  colour,  the  nearest  to  sunlight  that  is  attainable. 

For  the  fulfilment  of  these  requirements,  in  any  establishment  of  sufficient  size, 
I  should  make  an  exception  to  my  objection  to  gas,  and  should  recommend  its  use 
in  the  form  of  the  albo-carbon  light,  already  described  as  being  employed  at  the 
Westminster  Aquarium. 

For  evening  entertainments  in  ordinary  dwelling-houses,  the  chief  question  is 
whether  the  light  should  be  furnished  by  lamps  pendent  from  the  ceiling,  or  attached 
to  the  walls,  or  by  both  these  methods  combined.  With  regard  to  the  amount  of 
illumination,  it  is  not  possible  to  frame  any  rule  about  the  proportion  which  this 
should  bear  to  cubic  space,  because  so  much  will  depend  upon  the  texture  and  colour 
of  the  wall-surfaces  and  of  the  contents  of  the  apartment.  A  room  of  generally 
dark  tone  would  bear,  or  even  require,  twice  as  much  light  as  one  in  which  the 
opposite  condition  prevailed. 

Where  the  height  of  the  room  is  sufficient,  the  best  method  of  lighting  is  by 
lamps  suspended  from  the  ceiling,  and  these  may  be  either  single  or  combined  in 
chandeliers.  The  two  essential  conditions  of  success  are  that  they  should  be  high 
enough  to  be  quite  above  the  heads  of  even  the  tallest  dancers,  and  that  they  should 
bum,  without  marked  diminution  of  light,  necessity  for  trimming,  or  risk  of  smell, 
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lamps,  with  reservoirs  of  ordinary  size  and  Si^e Au  " 

to  see  that  the  reservoirs  are  properly  mied  arthe  V  ""'"'''^'^ 

nothing  would  be  a  greaternufsance  l^ltLt'^^^^^ 

for  the  purpose  of  refilling  them.  ^    lemoved  during  a  dance 

The  advantage  of  the  central  illumination  aflforded  by  susnendpd  l«^r.c  •  +i  . 

It  so  weU  exhibits  pictures  upon  the  walls ;  but,  where  the"';^^^^^^^^^^ 

special  attraction,  or  where  the  central  illumination  is  insuffic^enrthk  .  T 
reinforced  by  wall  lights.  Eor  these,  candles  should  nevei  be  ^^  '31^^  ZZn  l 
room  becomes  niuch  heated,  and  the  wax  or  stearine  of  which  the^  ar^omposed 
much  softened  it  melts  in  excess  of  the  combustion,  and  is  apt  to  dforVorrests 
who  are  standing  beneath.    This  trouble  may  be  entii-ely  avoided  by  the  uC 

amps  and  lamps  are  now  made  fitted  to  wall  sconces,  the  latter  being  of  every  I  nd 
from  the  plainest  and  simplest  to  the  most  elaborate  and  the  mo^st  ornamenll' 
Silver  brass,  g  ass  mirrors  framed  in  velvet,  and  china,  of  all  degrees  of  costliness 

urnish  the  materials  of  sconces  such  a.  may  now  be  seen  wherever  such  things  are 
exh  bited.  On  the  whole,  I  think  the  preference  should  be  given  to  glass  mirrors 
as  the  mam  element  in  sconces,  on  account  of  their  effect  in  distributing  the  illu- 
mination more  widely  than  other  materials;  and  the  framing,  whether  in  velvet  in 
coloured  glass,  or  in  china,  should  be  governed  by  the  other  decorations  with  which 
they  are  required  to  harmonise,  and  by  the  general  character  of  the  room  in  which 
they  are  hung. 

_    The  number  of  suspended  lamps  must  be  regulated,  of  course,  mainly  by  the 
size  and  shape  of  the  room,  with  a  view  to  the  attainment  of  symmetry  and 
harmony  of  effect ;  and,  when  as  many  have  been  placed  as  will  fulfil  this  indica- 
tion, they  must  be  lighted  with  a  view  to  ascertain  the  sufficiency  of  the  illumination. 
Taking  my  own  drawing-room  as  an  illustration,  I  have  four  suspended  lamps,  one 
hanging  from  the  centre  of  the  ceiling,  one  in  each  of  three  divisions  of  a  bow- 
window.     These  four  are  sufficient  for  a  conversation  light,  but  would  not  be 
enough  for  dancing,  or  for  the  comfoi-table  pursuit  of  any  occupation,  such  as 
readuig,  embroidery,  or  even  card-playing,  the  Hght  being  to  some  extent  wasted  by 
the  absorption  effected  by  dark  walls  and  dark  furniture.    No  more  hanging  lamps 
could  be  introduced  without  producing  an  effect  of  over-crowding,  so  that  any 
additional  light  required  for  other  purposes  must  be  supplied  in  other  ways.  Up- 
right or  vase  lamps  upon  tables,  or  upon  special  stands  made  to  carry  them,  candles, 
and  lamp-sconces  for  the  walls,  are  the  chief  resources.    The  latter  would  only  be 
used  for  dancing;  the  candles  would  be  the  best  for  card-tables  and  music- 
stands  ;  and  the  upright  lamps,  suitably  shaded,  for  most  other  occupations  in 
which  the  occupants  of  a  drawing-room  are  likely  to  be  engaged. 

Whenever  suspended  lamps  are  employed,  either  to  burn  gas  or  oil,  it  is  neces- 
sary to  consider  carefully  the  ventilation  of  the  apartment.  The  air  which  is 
vitiated  by  respiration  and  warmed  by  the  human  lungs  has  a  tendency  to  rise  : 
for,  although  its  weight  is  increased  by  the  addition  of  carbonic  acid  gas,  the 
increase  is  more  than  counterbalanced  by  the  diminished  density  due  to  elcA^ation  of 
temperature,  In  the  daytime,  in  all  probability,  such  expired  air  ascends  nearly  or 
quite  to  the  ceiling-level.     At  night,  however,  if  there  are  hanging  lamps  at  the 
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hei-ht,  say,  of  six  or  seven  feet  from  the  floor,  the  superheating  of  the  an-  above 
them  produces  a  hotter  and  lighter  stratum,  into  Avhich  the  merely  warmed  expired 
air  cannot  penetrate,  except  slowly  by  diffusion;  and  hence  the  effect  of  the  lamps 
is  almost  to  bring  down  the  ceiling  to  the  level  of  their  flames,  and  practically  to 
diminish,  to  this  extent,  the  cubic  space  immediately  available  for  respiratory 
purposes.  Lamps  at  the  table-level  produce,  of  course,  some  heating  of  the  air  above 
them ;  but  their  effect  is  not  nearly  so  perceptible.  In  the  first  place,  they  have 
more  cubic  feet  of  air  to  heat ;  and,  in  the  next  place,  the  expired  air  is  expelled  from 
the  lungs  actually  into  their  heated  stratum,  instead  of  into  a  lower  and  cooler  one. 
Hence  it  becomes  mingled  mth  the  heated  air,  instead  of  being  imprisoned  below  it, 
as  when  suspended  lamps  are  used  without  adequate  means  of  ventilation.  It  is  a 
matter  of  common  observation  that  rooms  with  suspended  lamps  become  much  more 
heated  than  others  in  which  only  table  lamps  are  used  ;  but  the  reason  of  the 
difference,  although  obvious  enough  when  once  it  is  pointed  out,  is  far  less  generally 
recognised. 

A  few  years  ago,  in  the  infirmary  of  one  of  the  metropolitan  workhouses,  many 
deaths  occurred,  which  were  ascribed  by  coroners'  juries  to  suffocation,  and  in  which 
the  cause  of  the  suffocation  was  mainly  the  contraction  of  the  otherwise  available 
cubic  space  of  the  ward  by  the  superheating  of  the  upper  half  of  it  by  suspended 
gas-burners. 

"Whatever  source  of  light  may  be  employed,  whether  gas,  petroleum,  or  colza  oil, 
the  colour  of  the  flame  may  be  controlled  at  pleasure  by  the  use  of  coloured  globes  or 
chimneys  ;  and  in  this  way  many  pleasing  effects  may  be  produced.  The  character- 
istic of  aU  artificial  light  is  that  it  is  poor  in  violet  when  compared  with  dayUght ; 
and  the  first  attempts  to  supply  colour  for  illuminating  purposes  were  in  the  direction 
of  blue  chimneys  and  blue  globes  or  shades^  by  which,  it  seems  to  have  been  thought 
by  some,  the  want  of  violet  could  be  supplied.  It  will  be  evident,  upon  brief 
reflection,  that  the  blue  glass  supplies  nothing,  and  only  transmits  blue  light  by 
intercepting  the  other  colours  of  the  spectrum.  If  the  artificial  light  is  poor  in 
violet  to  begin  with,  all  that  can  be  done  by  the  glass  is  to  display  the  small  amount 
of  blue  which  it  contains,  by  suppressing  the  red  and  the  gi-een ;  and  hence  the  total 
of  the  resulting  illumination  is  very  small  indeed.  In  order  to  obtain  light  enough^ 
from  a  gas  or  oil  flame  from  which  the  red  and  green  are  thus  filtered  out,  it  is 
necessary  to  have  flame  enough  to  yield  blue  light  enough  for  the  required  purpose ; 
and  this  means  a  number  of  burners,  a  large  consumption  of  fuel,  and  a  great 
elevation  of  temperature.  To  all  this  there  may  be  no  objection,  if  the  question  of 
cost  is  unimportant,  and  if  there  is  plenty  of  ventilation.  The  point  to  remember 
is  that  blue  light  cannot  be  obtained  from  gas  or  oil  by  the  use  of  any  coloured 
media,  unless  the  total  illumination,  from  which  the  blue  light  is  to  be  taken,  is  of 
itself  much  in  excess  of  the  requirements  of  the  position.  If  it  were  possible  to 
enrich  artificial  light  with  violet,  as  might  possibly  be  done  by  the  introduction  of 
some  preparation  of  cobalt  into  the  fuel,  the  existing  preponderance  of  red  and 
green  would  be  rectified  in  the  only  proper  manner. 

For  the  purposes  of  general  illumination,  however,  blue  light  would  seldom  be 
required.  It  gives,  as  a  rule,  rather  a  ghastly  tone  to  the  objects  which  it  illumi- 
nates ;  and  a  landscape,  looked  at  through  a  piece  of  blue  glass,  assumes  almost  a 
snowclad  aspect.    For  eyes  that  are  irritated  by  a  preponderance  of  red  and  o-reen 
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It  is  sometimes  desirable  to  redress  the  balance  bv  tlie  „<.p  -.f  1 1  ^ 
absorbent  of  these  colours ;  but  tbis  is  onl,  for  Z^JlZ:^^';.:^ 

red  or  rub,  ,lass  .bieb  a«brds  a::.^^^  ^It  "  ^ 

^ent ;  and  stancbng  or  banging  lamps  have  lately  been  made,  ch  eTy  by  MeC^^^ 
Powell  of  Blackfnars,  in  which  the  oil-vessel,  as  well  as  the  sLde  and  chTmTey 
are  made  of  glass  of  this  and  of  other  colours.     My  own  draw^toom  Z: 
example,  xs  hghted  by  ruby  lamps,  and  the  roseate  tint  wLh  they  c  Jt  over  th 
objects  xn  the  room  xs  extremely  pleasing.    Something  of  the  sax^e  effect  has  be  n 
lately  to  be  seexx  xn  the  auditorium  of  the  Lyceum  Theatre,  but  here  the  red  lib  " 
hardly  sufficxent  xn  quantity  for  the  purposes  of  domesti^  lighting.    In  my  ow^^ 
house,  I  have  found  the  rose-coloured  lamps  much  admix.d%y  fadies,  ani  Z 
certaxnly  cas  an  exceedingly  favoxxrable  tint  over  the  complexion,  besides  settin.  off 
dress  to  much  advaxxtage.    On  passing  out  of  the  room  on  to  the  staircase,  however 
the  orduxaxy  gas-lxght  there  burning  assumes  a  curiously  blue  tinge;  and  some 
mxnutes  are  reqxxired  before  the  eyes  become  sufficiently  accustomed  to  the  change 
to  cease  to  be  conscious  of  axxy  unnatural  appearance.    It  would  be  easy,  of  course 
to  do  away  wxth  this  coxxtrast,  if  it  were  objected  to,  by  the  simple  expediexxt  of 
usxxxg  ruby  shades  on  the  stair-lights  also. 

The  lightiixg  of  a  dining-room  is  a  matter  which  should  be  governed  mainly  by 
the  style  of  xts  decorations,  and  also  with  reference  to  the  two  principal  aspects 
whxch  xt  may  be  made  to  assume.  Iix  some  dining-rooms,  the  walls  have  been 
regarded  merely  as  affording  a  frame,  or  setting,  to  the  central  table,  which,  with 
xts  decoratxons,  xts  linen,  its  glass  and  its  silver,  and  its  environment  of  guests, 
partly  consisting  of  ladies  in  brilliant  toilettes,  forms  the  picture.  In  others,  the 
walls  are  adorned  by  objects  upon  which  it  is  pleasant  to  look  in  the  intervals 
between  the  courses  ;  and  it  is  manifest  that  the  two  styles  will  require  very 
different  treatxxaent  in  the  way  of  avrangixxg  the  illumination,  even  if  its  amouixt 
remains  the  same. 

As  regards  the  materials  employed,  there  is  nothing  to  add  to  what  has  been 
formerly  said,  recommending  gas  or  petroleum  for  economy,  colza  oil  or  candles 
where  economy  can  be  made  subordinate  to  excellence.    If  the  walls  are  generally 
decorative,  and  intended  to  be  looked  at  during  dinnei',  the  best  arraxxgement  is  to 
have  two  or  more  tail  lamps  on  the  sideboard,  or  on  detached  columns  in  other 
parts  of  the  x-oom,  accordiixg  to  its  size,  together  with  a  cexxtx-al  suspended  light, 
not  shaded,  but  left  free  to  throw  its  illumixxation  upwards  and  around.    In  this 
way,  the  general  lighting  of  the  room  and  of  the  wall-surfaces  may  be  accom- 
plished ;  while  that  of  the  table  should  be  secured  by  a  sufficiency  of  single 
candles,  so  placed  as  xxot  to  intercept  the  view  of  the  guests,  and  each  of 
which  may  be  covered  by  a  little  shade  of  silk  or  paper,  of  crimson  or  some 
other  warxxx  colour,  so  as  to  throw  nearly  all  the  light  upoxx  the  table  surface 
and  upoxx  the  plates.    If  there  should  be  any  picture  of  especial  beauty  upon 
the  walls,  this  should  xxot  be  left  to  the  general  illumixxation  of  the  upper  pax'ts  of 
the  room,  but  should  have  lights  of  its  own  on  either  side  of  it — 23ei-haps  siixgle  gas- 
biix'ners  oxx  brackets  projecting  fronx  the  Avails,  and  fixx-xxished  with  mirrox'S  to  illu- 
minate the  picture,  while  they  conceal  the  sources  of  light  from  the  guests.  Where 
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the  walls  are  of  a  dark  colour,  merely  adapted  to  form  a  frame  to  the  table,  it  will 
be  sufficient  to  have  two  tall  lamps  on  the  sideboard;  the  central  light  maybe 
shaded,  and  candles  should  be  placed  on  the  table  itself  as  before. 

When  we  come  to  lighting  a  room  for  work,  a  study  or  library,  much  of  what 
has  already  been  written  wiU  apply.  In  the  first  place,  the  light  must  be  sufficient 
in  quantity ;  there  being  few  things  more  distressing  to  the  eyes  than  insufficient 
illumination.  Children  are  constantly  permitted  to  work,  or  to  prepare  their  lessons, 
by  a  light  so  defective  that  it  involves  the  close  approximation  of  the  page  to  their 
eyes,  and  in  this  way  becomes  a  fertile  source  of  short  sight  and  of  squinting.  Next, 
although  the  light  should  be  ample  as  regards  the  particular  object  looked  at, 
it  should  be  so  shaded  that  the  room  generally  should  be  comparatively  dark  ;  so 
that  the  eyes,  when  raised  in  the  intervals  of  occupation,  as  at  the  bottom  of  a  page 
or  at  the  close  of  a  paragraph,  should  be  raised  to  comparative  darkness,  by  which 
they  will  be  rested  and  refreshed,  instead 
of  to  a  stni  brighter  illumination,  by 
which  they  will  be  irritated  and  fatigued. 
The  best  position  for  an  artificial  light, 
as  for  a  window,  is  a  little  above  and  to 
the  left  front  of  the  worker^  so  that  no 
shadow  may  be  thro^vn  by  the  right 
hand  in  writing ;  but  if  two  lamps  be 
used,  they  may  be  placed  right  and  left, 
each  of  them  extinguishing  the  shadow 
cast  by  the  other.  The  late  Dr.  Copland, 
in  his  Dictionary  of  Medicine,  states  that 
for  thirty  years  he  made  it  a  practice  to 
read  and  write  every  night  from  about 
•eight  in  the  evening  until  two  or  three 
the  next  morning ;  and  that  for  tliis 
purpose  he  used  two  argand  lamps,  fed 
with  sperm  oil,  and  which  would  bum 
for  eight  consecutive  hours  without  in- 
terference or  loss  of  light.  The  lamps 
were  placed  one  on  either  side  of  a  high 
desk,  in  such  a  manner  that  they  were 
above  the  level  of  his  eyes,  which  were 
sheltered  from  direct  glare  by  the  brows 
and  eyelids.  As  already  mentioned, 
sperm  oil  has  been  completely  superseded 
by  colza,  and  the  many  shades  sold  by 
the  lamp-makers  of  the  present  day  are 
calculated  to  reinforce  the  natural  pro- 
tection on  which  Dr.  Copland  relied. 
Perhaps  the  best  lamp  known  at  present  for  reading  purposes  is  that  manufactured 
by  the  Silber  Light  Company,  under  the  name  of  the  "Wellington."  It  has  the 
ordmaiy  Silber  burner  for  either  petroleum  or  colza,  and  is  made,  like  the 
common  «  Queen's  Reading-lamp  "  to  slide  up  and  down  upon  an  upright  stem ;  but 
35 
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it  differs  from  the  latter  in  the  fact  that  this  stem  passes  through  the  oil-vessel 
which  turns  upon  it,  in  such  a  manner  that  the  exact  position  of  the  burner  can  be 
determined  by  the  touch  of  a  finger,  A  still  more  noteworthy  peculiarity  is  the 
construction  of  the  shade,  which  is  square  instead  of  being  circular,  open  in  front 
and  furnished  on  either  side  with  a  lifting  door,  which  can  be  set  in  any  elevation 
and  will  remain  where  placed.  The  general  result  of  this  arrangement  is  that  a 
flood  of  light  can  be  directed,  through  the  open  front  of  the  shade,  to  any  part  of 
the  room  which  it  is  desired  to  illuminate ;  while  sufficient  for  ordinary  reading 
purposes  reaches  the  table  underneath  the  edges  of  the  shade.  If  the  book  is  at  a 
higher  level  than  the  table,  one  of  the  sides  of  the  shade  can  be  lifted  to  any  desired 
extent,  to  allow  the  light  to  reach  this  higher  level,  and  the  lamp  can  be  adjusted  to 
meet  the  wants  of  two  different  readers  at  the  same  time.  The  Wellington  lamp  is 
shown  in  Fig.  199. 

The  penalty  to  be  paid  for  aii  increased  amount  of  illumination,  is,  of  necessity, 
an  increased  amount  of  heat;  and  hence  the  more  perfect  burners  for  table  lamps  of 
every  description  are  objectionable  to  some  people  on  account  of  the  heat  which  they 
throw  out.  In  some  cases,  no  doubt,  the  objection  may  be  a  valid  one  ;  and  light 
enough  for  the  actual  requirements  of  the  case  can  be  obtained  from  an  inferior 
burner,  which  also  affords  less  heat.  But  when  the  good  light  is  necessary,  and  at 
the  same  time  the  heat  is  a  disadvantage,  the  latter  may  be  diminished  in  two  ways. 
A  solution  of  alum  in  pure  water,  filtered  through  coarse  filtering  paper,  is  as  trans- 
parent to  light  as  the  water  itself,  but  is  almost  entirely  opaque  to  heat ;  and  a  flat 
cell  of  glass,  like  a  photographer's  dipping  cell,  filled  with  this  solution,  and  placed 
between  the  lamp  and  the  head  of  the  worker,  will  intercept  the  heat  in  a  satis- 
factory manner.  The  cell  should  be  made  of  two  squares  of  thin  plate  glass, 
cemented  to  narrow  bottom  and  side  stiips  by  marine  glue,  and  such  an  arrangement 
could  be  made  by  any  dealer  in  philosophical  instruments.  It  is  difficult  to  design 
any  table  stand  for  such  a  cell  which  will  not  be  liable  to  cast  a  shadow  upon  the 
work ;  and  the  best  way  is  to  have  it  suspended,  either  from  a  hook  in  the  ceiling 
or  from  a  table  stand  with  a  projecting  arm,  like  that  of  a  semaphore,  so  that  the 
solid  parts  of  the  stand  may  be  out  of  the  way.  Another,  and  perhaps  a  better 
device,  is  to  place  the  light  farther  away,  and  to  concentrate  its  beam  upon  the  work 
by  means  of  a  globe  of  glass  filled  with  water.  Such  a  globe  may  be  suspended  in 
either  of  the  ways  mentioned  above ;  and  the  superficial  extent  of  the  illumination 
which  it  affords  will  depend  upon  its  precise  position  in  reference  to  the  flame.  If 
the  latter  be  placed  in  the  focus  of  the  globe,  the  beam  of  light  issuing  on  the  other 
side  will  be  parallel,  or  of  the  same  area  as  the  circumference  of  the  globe  itself; 
if  the  flame  be  nearer  to  the  globe  than  its  focus,  the  beam  will  be  more  diffused ; 
and  if  the  flame  be  farther  from  the  globe  than  its  focus,  the  beam  will  be  con- 
centrated upon  a  smaller  surface.  A  contrivance  of  this  kind,  by  concentrating  the 
light  upon  a  small  space,  will  sometimes  allow  an  inferior  illumination  to  be 
employed ;  and  a  glass  globe  has  long  been  used  for  this  purpose  among  the  frame- 
work knitters  of  Nottinghamshire  and  Derbyshire,  who  are  able,  by  its  assistance, 
to  weave  underclothing  by  the  flame  of  a  single  tallow  candle,  the  light  from  which 
is  focussed  upon  the  exact  portion  upon  which  they  are  employed.  Within  the 
last  year  or  two  lamps  fitted  with  water  globes,  or  rather  with  semi-globes,  have 
been  sold  at  a  shop  near  the  Polytechnic  in  London,  and  have  been  employed  at 
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"^fthe  Stations  of  the  Metropolitan  District  Railway.  I  am  acquainted  with 
:rof  tt:  ttle:  oTtheir  Jo  in  private  houses,  where  they  have  answered 

^X'^cS:  I  Wd  endeavou.-  to  summarise,  i.  a  few  words  the  gene^l 
™dples  wHch  iave  been  laid  down,  and  to  which  attention  shou  d  be  systemat  - 
cX  Lcted.  For  all  occupations  which  require  the  close  application  of  the  eyes 
Sght  eniployed  should  sufficient  in  quantity,  steady  and  uniform,  so  placed 
that,  while  the  object  of  vision  is  adequately  illuminated,  the  eyes  themselves  are 
sheltered  from  direct  glare,  not  too  heating,  and  not  castmg  shadows  upon  the  work. 
If  these  conditions  are  observed  and  if  the  deterioration  of  the  atmosphere  in 
cidental  to  combustion  is  controlled  by  proper  ventUation  of  the  apartment,  it 
may  be  safely  laid  down  that  work  by  artificial  Ught  is  no  more  injurious  than  by 
dayhght,  and  that  it  may  be  performed  by  healthy  eyes  and  healthy  persons  to  a 
practically  unlimited  extent. 


WAEMING    AND  VENTILATION. 

By  Douglas  Galton,  O.B.,  D.O.L.,  F.E.S, 


CHAPTER  XLYII. 

GENERAL  CONSIDERATIONS. 

Composition  of  Normal  Air-Carbonic  Acid-Carbonic  Oxide-Suspended  MaUei^moke  and  Fcr- 

Decaying  Organic  Matter— Ozone.  ° 

It  has  been  remarked  as  a  singular  fact,  that  whUst  architecture  made  such  wonder- 
ful progress  during  many  ages,  and  has  left  monuments  of  its  grandeur  in  almost 
every  country,  ventilation  seems  to  have  been  almost  entirely  overlooked.  This 
however,  is  not  strictly  so.  No  doubt  in  the  warmer  climates,  whence  our  civi' 
hsation  chiefly  came,  open  windows  and  doors  were  necessary  during  the  gi-eater 
part  of  the  year;  but  the  remains  of  Roman  houses  found  in  England  exhibit 
methods  of  warming  and  ventilation  which  we  might  still  do  well  to  follow. 

In  the  ages  which  followed  the  decay  of  Roman  civilisation,  the  wmdows,  ill- 
provided  with  protection  from  the  Aveather,  and  the  ill-fitting  doors,  afforded  ample 
means  for  the  access  of  air  ;  and  when  fires  were  used,  the  huge  chimney  was  itself 
a  magnificent  means  of  ventilation.    When  improvements  in  house-construction 
became  more  general,  the  evils  arising  from  stagnant  air  in  houses  began  to  make 
themselves  felt,  and  about  a  century  ago  the  gaols,  prisons,  and  convict-ships  became 
the  eloquent  preachers  of  health  to  the  English  nation.    These  places  were  so  un- 
healthy that  many  who  were  incarcerated  died,  or  contracted  such  diseases  as  impaired 
their  constitutions  for  life  ;  and  as  if  to  show  how  the  several  members  of  society,  high 
and  low,  are  linked  inseparably  together,  no  one  could  come  near  the  prisoners  with- 
out danger  of  infection.   At  what  is  called  the  Black  Assize,  which  was  held  at  Oxford 
in  1577,  although  most  of  the  prisoners  escaped  the  epidemic,  all  other  persons  who 
■were  present,  viz.,  the  judge,  the  sheriff,  and  about  three  hundred  othei-s,  died 
within  forty-eight  hours.    At  Taunton,  in  1730,  some  of  the  prisoners  infected  the 
Court  with  the  malaria  they  had  brought  from  their  cells,  so  that  the  judge,  the 
sheriff,  a  serjeant,  and  more  than  a  hundred  others  died.    Dr.  Lynd,  in  his  "Essay 
on  the  Health  of  Seamen,"  asserts  that  the  fleet  was  infected  from  the  gaols,  and 
that  certain  ships  sent  to  America  lost  two  thousand  men  in  consequence.    It  thus 
became  clear  that  something  must  be  done  to  render  the  gaols  more  healthy  ;  and 
hence  arose  the  first  efforts  to  ventilate  them.    The  subject  of  ventilation  ha-ving 
been  thus  started,  the  methods  by  which  to  ventilate  dwellings  began  to  attract 
much  attention  at  the  beginning  of  the  present  century. 

Dr.  Thomas  Beddoes,  in  his  Instructions  drawn  up  in  1804  for  the  Medical 
Preventive  Institution  at  Bristol,  observed  that  "  air  by  breathing  becomes  quite 
unfit  to  support  life.  If  a  creature  be  closely  confined  in  a  small  quantity  of  air, 
it  will  live  as  long  as  there  is  any  of  tliat  air  fresh,  and  not  exhausted ;  and  after 
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wards  it  wUl  die.    Therefore,  the  air  of  aU  apartments  requires  changing.    The  a,ir 
7\  small  shut-up  room  wUl  be  unpleasant  and  hurtful,  though  not  mmediately 
fatal.    It  would  seem  that  children  suffer  more  in  proportion  than  grown  people  • 
from  too-confined  or  exhausted  air."  _       ,1.  .  •  +1, 

To  show  how  indispensable  fresh  air  is  to  children,  he  mentions  that  m  the 
Lving-in  Hospital  at  DubUn  2,944  infants  out  of  17,650  died  in  the  year  1782, 
withi  the  first  fortnight  after  their  birth-that  is,  nearly  every  sixth  child,  or  about 
17  in  100  They  almost  aU  died  in  convulsions,  of  what  the  nurses  call  nine-day 
fits  because  they  came  on  within  nine  days  after  their  birth.  These  children,  many 
of  them,  foamed  at  the  mouth,  their  thumbs  were  drawn  into  the  palms  of  their 
hands,  the  jaws  were  locked,  the  face  was  swollen  and  looked  blue,  as  though  they 
were  choked.  This  last  circumstance  led  the  physicians  to  conclude  that  the  rooms 
in  the  hospital  were  too  close,  and  hence  that  the  infants  had  not  a  sufficient 
quantity  of  good  air  to  breathe.  This  made  them  Ml  upon  contrivances  to  change 
the  air  in  the  rooms  where  the  children  lived.  Air-pipes,  six  inches  wide,  were 
placed  in  the  ceiHng  of  each  room.  Three  holes,  an  inch  wide,  were  bored  through 
each  window-frame;  and  a  number  of  holes  were  made  in  the  doors.  Thus  the 
rooms  were  kept  sweet  and  fresh  ;  and  the  consequence  was  that  after  the  altera- 
tions not  one  child  died  where  three  used  to  die;  and  in  1788,  55  only  died  out  of 
1,496,  or  36  per  1,000. 

It  is,  however,  remarkable  that,  with  all  our  knowledge,  the  progress  made  in  the 
ventilation  of  our  dwellings  has  been,  comparatively  speakiag,  so  slow.  For  so  late 
as  1858,  the  Eoyal  Commission  on  the  Sanitary  State  of  the  Army  reported  that 
the  ventilation  of  barrack-rooms  was  most  defective,  with' the  result  "that  the 
soldier  was  compelled  to  sleep  in  a  foetid  and  unwholesome  atmosphere,  the  habitual 
breathing  of  which,  though  producing  for  the  most  part  no  direct  immediate  effects, 
probably  lays  the  seeds  of  that  pulmonary  disease  which  was  at  that  time  so  fatal 
in  the  British  Army."  This  has  since  been  remedied,  and  pulmonary  disease  has 
almost  ceased  in  the  British  Army ;  and  from  the  date  of  that  report  the  subject 
has  been  so  frequently  pressed  upon  the  public  that  the  architect  is  at  last  begin- 
ning to  consider  that  a  knowledge  of  the  principles  of  ventilation  and  of  the  other 
details  of  sanitary  construction  are  as  necessary  to  the  efficient  discharge  of  his 
responsibility  to  his  clients  as  a  knowledge  of  building  materials.  But  there  are 
still  thousands  of  private  houses,  and  especially  business  buildings,  offices^  &c., 
having  fair  and  inviting  exteriors,  and  comfortably,  even  luxuriously  furnished, 
which  are  so  deficient  in  a  proper  quantity  and  quality  of  air  and  light,  as  to 
render  them  breeding-nests  of  consumption,  i-heumatism,  and  other  forms  of  disease. 

We  shall  presently  explain  why  the  air  in  confined  places  occupied  by  living 
beings  is  subject  to  causes  of  deterioration  which  prevent  its  being  as  pure  as  the 
open  atmosphere.  Yentilation,  which  is  the  science  which  teaches  us  how  to  approxi- 
mate the  condition  of  the  air  under  such  conditions  to  that  of  the  outer  air,  is 
dependent  upon  a  knowledge  of  the  composition  and  quality  of  air,  as  well  as  upon 
the  causes  which  determine  its  motion ;  and  it  is  necessary  to  a  thorough  compre- 
hension of  the  subject  that  we  should  explain,  somewhat  at  length  the  several 
branches  into  which  it  is  divided. 

The  air  was  originally  regarded  as  an  element.  The  ancient  chemists  made  no 
distinction  between  the  various  elastic  fluids,  calling  them  all  air  ;  and  they  called 
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the  air  we  breathe  common  air.  In  -164:0,  Van  Helmont  observed  differences  in 
airs,  as  they  were  termed,  and  he  adopted  the  word  gas  or  gaz  to  distinguish  these 
from  common  air. 

Air  is  essential  to  man's  existence.  The  quantity  of  air  actually  inhaled  and 
exhaled  by  an  adult  in  twenty-four  hours  amounts  on  an  average  to  about  360  cubic 
feet,  or  2,000  gallons.  What  we  take  in  and  give  out  during  twenty-four  hours 
in  the  shape  of  solid  and  liquid  food,  occupies  on  an  average  the  space  of  5i  pints, 
which  is  equal  to  of  the  volume  of  the  air  passing  through  our  lungs!^  This 
volume  of  air  passing  daily  through  the  lungs  weighs  about  251bs.  avoirdupois. 

Air  taken  under  the  most  favourable  circumstances,  in  free  open  spaces  or  on 
elevated  ground,  consists  of  the  following  constituents  (Angus  Smith)  : — 


1,000  parts  |  g^.^e^'^'^'       to  211  parts  ; 
^       \  Nitrogen,  789  to  791  parts, 


209-6  mean. 


The  oxygen  is  the  hard-working,  active  substance  that  keeps  up  the  fires,  cooks 
the  food,  burns  up  the  waste,  purifies  the  blood.  The  nitrogen  seems  to  be  a  mere 
diluent  to  prevent  the  oxygen  from  burning  or  destroying  everything  with  fire  and 
rust.  Every  analysis  of  air  shows  the  presence  in  varying  proportions  of  carbonic 
acid,  vapour  of.  water,  organic  matter,  including  many  living  organisms,  ammonia, 
and  suspended  matter.  The  purity  or  impurity  of  the  air  and  its  effect  on  health 
depends  upon  the  greater  or  less  degree  in  which  these  various  subsidiary  matters 
are  present. 

The  most  important  of  the  gaseous  impurities  in  air  which  have  an  influence  on 
health  is  carbonic  acid,  or  carbon  dioxide  (CO2).  This  gas  is  half  as  heavy  again  as 
air;  it  can  be  poured  from  one  vessel  to  another  just  as  water  is  poured,  the 
carbonic  acid  sinldng  to  the  bottom  of  the  vessel  and  displacing  the  air ;  neverthe- 
less the  processes  whereby  it  is  produced  in  the  act  of  breathing  raise  its 
temperature  and  render  it  for  a  time  specifically  lighter  than  air.  Thus  it  may 
ascend  and  accumulate  near  the  ceiling.  It  would,  however,  descend  when  cooled. 
But  it  diffuses  itself  very  rapidly  through  the  air,  and  when  once  diffused,  no  length 
of  time  effects  separation.  Carbonic  acid,  if  colder  than  the  air  above  it,  will 
diffuse  more  slowly  ;  if  warmer  than  the  air  near  it,  so  as  to  be  more  close  to  the 
same  specific  gravity,  it  will  diffuse  more  rapidly.  The  carbonic  acid  emitted  with 
the  breath  is  thoroughly  mixed  with  the  breath  ;  and  the  expired  breath,  as  a 
whole,  is  rapidly  mixed  with  the  air  of  the  room. 

When  swallowed,  the  gas  is  harmless ;  but  if  it  be  inhaled,  it  acts  as  a  narcotic 
poison.  The  undiluted  gas  kills  instantly  by  spasm  of  the  glottis.  When  diluted 
with  air,  so  that  the  proportion  of  the  gas  present  is  about  12  to  14  per  cent, 
(as  in  a  room  where  charcoal  in  a  chafing-dish  has  been  burnt),  it  causes  giddi- 
ness, hurried  circulation,  fulness  in  the  head,  noises,  confusion,  perhaps  delirium, 
and  finally  coma,  which  may  last  a  considerable  time.  Air  containing  4  or  5  per 
cent,  of  carbonic  acid  gas  (such  as  air  once  breathed)  causes  a  sense  of  oppression, 
with  headache,  distress,  and  perhaps  delirium  or  coma ;  such  air  containing  even  as 
little  as  3  per  cent,  of  carbonic  acid  cannot  be  breathed  without  great  distress, 
and  will  probably  produce  insensibility;  but  the  bad  symptoms  may  probably  be 
due  in  some  cases  as  much  to  other  impurities  in  the  re-breathed  air  as  to  the 
carbonic  acid,  because  in  breweries  and  distilleries,  where  sensibly  large  proportions 
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of  eaAonio  acid  may  be  detected  in  tie  air,  persons  often  breathe  the  air  ^ithout 
,  „(r.,t»,l  SimilarlT  an  atmosphere  containing  1  or  even  0  5  pei  cent,  oi 
SLif  Xs  (sTch  at^s  so^e  Ws  W  in  ill-ventilated  theatres)  is  distressuig^ 
On  ™nds  of  this  nature  it  has  been  laid  down  that  a  proportion  of  1  per  cent,  m 
1 be  considered  as  the  highest  admissible  quantity  ^^l^^^f^^X 
human  bein^^s.  An  atmosphere  containing  16  per  cent,  of  the  gas  instantly 
extTn^ishe?a  flame;  in  an  atmosphere  with  10  per  cent,  a  taper  still  burns  but 
S  fl°ame  is  considerably  dulled;  in  an  atmosphere  containing  8  P-  ce^.  a 
taper  will  bum  readily.    Thus  a  taper  wiU  burn  m  an  atmosphere  which  may  be 

'ThTaVeLgf  amount  of  carbonic  acid  may  be  tahen  at  -04  per  cent,  in  normal 
air,  although  it  is  not  unfrequently  as  low  as  -02  per  cent.,  and  sometunes  as  high 

as  -05  per  cent,  or  more.  •    4.1  ^ 

The  experiments  of  Dr.  Angus  Smith  show  that  in  towns  the  oxygen  m  the  air 
is  not  less  than  in  the  country  districts,  and  that  carbonic  acid  is  slightly  but  not 
materially  in  excess.    THs  is  shown  in  the  foUowing  table  :— 


Oxygen. 

In  fog  and  frost  . 
Outer  circle,  not  raining  . 

Suburb,  in  wet  weather  . 


IN  MANCHESTEK. 


Per  1,000. 
209-100 
209-407 
(  202-800 
I  209-600 


0  O2. 


Streets 

"Where  fields  begin 
Streets  in  fog 


Per  1,000  vols. 

0-403 
0-369 
0-679 


Oxygen. 
Open  places,  summer 
Steeets,  November 


IN  LONDON. 


209-500 
208-850 


On  Thames 
Parks,  open 
Streets 


C  O2 


0-343 
0-301 
0-380 


M.  Reiset  obtained  from  a  year's  observations,  at  a  station  in  the  country  far 
from  dwellings,  and  situated  about  four  miles  from  Dieppe,  an  average  of  carbonic 
acid  in  the  air  of  -2942  per  1,000  volumes.    The  air  above  a  crop  of  red  trefoH  in 
the  month  of  June  gave  -2898  per  1,000 ;  and  at  a  height  of  one  foot  from  the  soil, 
in  a  barley-field  in  July,  -2829  per  1,000  ;  the  corresponding  amounts  at  the  country 
station  being  -2915  and  -2933  per  1,000  respectively.    The  presence  of  300  sheep 
near  the  apparatus  raised  the  proportion  to  -3178  per  1,000.    At  Paris  in  May, 
1873—75—79,  the  mean  amount  was  -3027  per  1,000.    In  a  leafy  coppice  the 
amount,  however,  was  -2997  volumes  in  1,000  of  aii^  as  against  -2902  volumes  in 
the  open.    This  difference  may  be  due  to  the  diminished  quantity  of  light  in  the 
coppice.    Messrs.  MUntz  and  Aubin  found  in  Paris,  near  the  Conservatoire  des 
Arts  et  Metiers,  at  about  twenty  feet  above  the  ground,  that  the  quantity  of 
carbonic  acid  varied  from  -288  to  -422,  whilst  in  the  open  counti-y  extending 
towards  Gravelle,  in  the  vicinity  of  Paris,  the  amount  was  nearly  constant  at  -27  ; 
and  on  the  Pic  du  Midi  they  found  a  variation  of  from  -28  to  -30. 

It  would  have  been  probable  that  where  animals  are  assembled  in  great  numbers, 
and  the  processes  of  combustion,  which  also  produce  carbonic  acid,  are  going  on 
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rapidly,  uninfluenced  by  vegetation,  as  in  large  cities,  carbonic  acid  would 
accumulate  and  become  injurious  to  life.  The  slight  difference  in  this  respect 
between  the  air  of  a  dense  city,  that  near  the  luxuriant  vegetation  of  the  country 
and  that  on  the  top  of  a  mountain,  may  be  due  to  the  remarkable  property  which 
all  gases  possess  of  diffusing  themselves  through  each  other's  masses,  more  slowly,  it 
is  true,  but  with  as  much  certainty,  as  t]\ey  rush  into  a  vacuum. 

The  influence  of  winds,  also,  sweeping  through  streets,  arranged  to  favour  the 
movement  of  air,  will,  under  ordinary  circumstances,  effectually  prevent  any 
excessive  accumulation  in  town  air. 

Mr.  Armstrong  made  experiments  on  the  diurnal  variation  of  carbonic  acid  or 
(CO2)  in  the  air— a  subject  previously  experimented  on  by  Dr.  Saussure  and 
M.  Ti'uchot.    The  following  are  the  general  results  he  arrived  at : — 

1.  That  the  normal  amount  of  carbonic  acid  present  in  the  air  of  the  country 
is  distinctly  less  than  that  usually  btated,  and  that  it  does  not  exceed  -35  vols,  in 
1,000  of  air. 

2.  That  plants  absorb  carbonic  acid  during  the  day,  and  exhale  it  at  night,  and 
that  vegetation,  therefore,  affects  the  quantity  of  carbonic  acid  present  in  the  an, 
decreasing  it  by  day,  and  increasing  it  at  night. 

Q'liat  from  this  cause  there  is,  during  that  part  of  the  year  when  vegetation  is 
active,  at  least  10  per  cent,  more  carbonic  acid  present  in  the  air  of  the  open 
country  at  night  than  during  the  day. 

A  special  experiment  made  upon  a  geranium  plant  in  a  close  jar  showed  that  if 
the  plant  did  not  actually  absox'b  carbonic  acid  during  the  day,  it  exhaled  none ; 
whilo  when  it  had  absorbed  carbonic  acid  in  the  daytime,  at  night  large  quantities 
were  got  rid  of,  thus  fully  substantiating  the  generally-accepted  view  that  the 
carbonic  acid  absorbed  by  pliuits  in  the  daytime  is  given  out  at  night.  On  the 
other  hand,  Lewey's  analysis  on  the  Atlantic  Ocean,  one  thousand  mUes  from  the 
coast,  gave  a  decided  excess  of  carbonic  acid  in  the  air  in  the  day  over  that  of 
the  night,  lie  attributes  this  to  the  action  of  the  sunlight  upon  the  ocean 
liberating  the  gases  which  it  holds  in  solution.  Some  experiments  of  MM.  Miintz 
and  Aubin  seemed  to  show  that  the  quantity  of  carbonic  acid  gradually  increases  in 
cloudy  weather  nnd  rain.  And  M.  Marie  Davis,  of  the  Montsouris  Observatory, 
says  that  tlie  quantity  of  carbonic  acid  in  the  air  in  the  neighbourhood  of  his 
observatory  varies  in  a  sensible  manner  from  one  year  to  another,  from  one  month 
to  another,  and  indeed  on  successive  days. 

In  confined  spaces  occupied  by  numerous  persons,  this  gas  (0  O5)  will  frequently 
be  found  in  excess.  The  carbonic  acid  in  dormitories  has  been  found  to  be  -52  per 
1,000  volumes;  the  amount  in  a  bedroom  on  rising  in  the  morning  -48;  and.in  a 
well-filled  school  room  -72  per  1,000  volumes. 

Pettenkofor  has  suggested  a  convenient  test  for  carbonic  acid  by  exposing  a 
given  quantity  of  tho  air  to  be  tested  to  contact  with  a  given  quantity  of  clear  lime- 
water.  The  carbonic  acid  is  absorbed  by  the  lime,  and  the  causticity  of  the  lime- 
water  is  proportionately  diminished.  Hence  the  difference  in  the  degree  of 
causticity  of  the  lime-water  before  and  after  exposure  to  the  air  which  is  being 
tested  will  enable  the  amount  of  carbonic  acid  which  has  united  with  lime  to  be 
calculated. 

There  are  many  other  causes  of  impurity  in  air,  and  carbonic  acid  (C  O3)  is, 
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^;;^^ss  important  on  account  of  its  own  special  action  than  because  of  its  use 
as  a  measure  of  the  purity  of  the  air.  n-^i  r^Pr  rPnt  has 

Carbonic  oxide  (CO,),  is  eminently  poisonous  Less  than  0  5  V^rc^^-^^^ 
produced  poisonous  symptoms,  and  1  per  cent,  rapidly  produces  fatal  results.  This 
aas  is  formed  by  the  imperfect  combustion  of  carbon. 

'    There  are  various  suspended  matters  in  air  wHch  produce   disease  from 
mechanical  causes,  such  as  the  dust  which  in  Egypt  produces  a  sort  of  ophthalmia 
BroncHtis  and  lung-disease  prevail  in  many  factories,  arising  from  the  inhalations 
by  the  workmen  of  the  dust  of  coal,  sand,  and  steel,  or  of  particles  of  cotton  or 
hemp     Stonemasons  suffer  from  inhalation  of  stone-dust.    The  Guards  suffered 
Wely  about  eighteen  years  ago  fi'om  lung-disease;  one  of  the  contributing  causes 
was  isumed  to  be  the  quantity  of  pipe-clay  they  inhaled  in  the  process  of  cleaning 
their  white  cloth  fatigue-jackets.    House-painters  suffer  from  the  dust  of  white 
lead  •  though  in  this,  as  in  many  cases,  the  persons  suffer  as  much  from  swaUowing 
particles,  in  consequence  of  not  washing  off  the  dirt  from  their  hands  before  eatmg. 
In  factories  cotton-dust  was  at  one  time  a  dangerous  source  of  disease,  because, 
when  inhaled  in  breathing,  it  clogged  the  lungs  and  led  to  disease  and  death;  but 
in  aU  weU-conducted  factories  arrangements  are  now  made  for  drawing  the  dust 
away  by  a  fan  as  soon  as  it  is  generated.    In  towns  the  suspended  matters  in  air 
which  are  of  most  importance  consist  of  the  dust  from  refuse,  chiefly  organic  matter 
from  horse-dung  and  the  imperfectly-consumed  particles  of  coal. 

Mr.  Eomanes  mentioned  on  a  recent  occasion  that  he  had  found  in  examining 
after  death  the  lungs  and  air-tubes  of  persons  who  had  lived  in  the  densely- 
inhabited  parts  of  London,  that  they  were  coated  in  many  places  with  soot  and 
carbon,  and  thus  able  to  act  much  less  efficiently  than  the  lungs  of  people  who  had 
breathed  clearer  air. 

The  aeroscope  invented  by  Pouchet  offers  an  easy  mode  of  examining  this  class 
of  suspended  matters  in  air.  Air  is  drawn,  by  means  of  an  aspirator,  through  a 
funnel,  the  end  of  which  is  brought  to  a  fine  point,  immediately  below  which  is 
placed  a  slip  of  glass  moistened  with  glycerine.  The  ends  of  the  funnel  and  glass 
are  enclosed  in  a  little  air-tight  chamber,  from  which  a  small  glass  tube  passes  up, 
and  is  connected  by  means  of  india-rubber  tubing  with  an  aspirator.  The  air  can 
only  pass  iato  the  aspirator  through  the  funnel,  and,  as  it  does  so,  any  solid 
particles  carried  down  with  the  current  impinge  on  and  are  arrested  by  the 
glyceriae,  and  can  be  afterwards  examined  by  the  microscope.  An  aspirator  can 
be  made  for  a  few  .shillings.  Another  plan  is  to  draw  the  air  through  a  solution 
of  pure  water,  or  permanganate  of  potash.  All  the  solid  particles  are  retaiaed 
at  the  bottom  of  the  vessel,  and  can  be  afterwards  examined  with  the  microscope. 

There  are,  however,  other  floating  particles  in  the  air  which  elude  these  rough 
methods  of  filtration.  Dr.  Tyndall's  beautiful  and  delicate  experiments  show  that 
such  forms  of  dust  will  pass  through  even  caustic  potash  and  sulphuric  acid,  hvt 
can  be  intercepted  by  closely-pressed  cotton  wool. 

■  The  question  of  smoke  has  recently  begun  to  occupy  much  attention  ;  and  there 
is  no  doubt  that  in  our  towns,  when  the  public  mind  shall  have  become  sufficiently 
educated  to  understand  the  importance  of  purity  of  air,  a  radical  change  will  take 
place  in  our  methods  of  providing  warmth  in  our  houses. 

Dr.  Aitken,  in  a  paper  published  in  the  "  Transactions  of  the  Royal  Society  of 
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Edinburgh,"  showed  that  fog  and  rain  were  caused  by  the  dust        'tZ.  ' 
na  the  atmosphere;  and  that  air  freed  from  dust  b^  fiU  ati^^^^^^^^^ 
A.  W  from  dust  maybe  supersaturated  with  Listure,  Zt^'Z^l'Z 
remain  invisible  xn  its  vaporous  form;  but  when  dust  or  fumes  are  introduced 
vapour  wdl  condense  upon  the  dust^particles  and  become  visible.    In  mi^trSn  o 

filled  wi  h  the  ordinary  air  of  a  room,  which  always  contains  an  enormous  number 

t7J^^  After  the'^  fog 

settled  blow  m  more  steam.  Again  a  dense  fog  will  be  condensed  on  the  dust  which 
escaped  the  first  condensation.  Allow  this  again  to  settle,  and  repeat  the  proce^  a 
number  of  times  when  you  will  find,  after  many  repetitions,  that  there  is'^stUl  fo" 
forming.  But  it  wi  also  be  noticed  that  after  each  condensation  the  fog  becomes 
ess  and  less  dense,  till  at  last  it  ceases  to  appear  as  fog ;  but  on  closely  losing  into 
the  receiver  the  condensed  vapour  wiU  be  seen  falling  as  fine  rain.  When  the  steam 
was  blown  in  the  first  time  the  fog  was  very  fine-textured ;  each  particle  was  so 
small  It  floated  easily  in  the  air.  After  each  condensation  the  fog  became  less  dense- 
It  at  the  same  time  became  more  coarse-grained  and  heavier,  and  was  seen  falling 
slowly,  lirear  the  end  no  fog  was  visible,  and  nothing  but  a  fine  rain  to  be  seen 
tailing.    If  the  air  were  still  further  purified,  even  the  rain  seemed  to  cease. 

The  conclusions  which  may  be  drawn  from  these  experiments  are— 1st  that 
when  water  vapour  condenses  in  the  atmosphere,  it  always  does  so  on  some  solid 
nucleus ;  2nd,  that  the  dust-particles  in  the  air  form  the  nuclei  on  which  it  con- 
denses ;  3rd,  if  there  were  no  dust  in  the  air  there  would  be  no  fogs,  no  clouds,  no 
mists,  and  probably  no  rain. 

The  results  of  the  action  of  dust  in  producing  cloudiness  are  not  always  alike. 
In  one  case  the  condensed  vapour  takes  the  form  of  a  fog,  so  fine  that  it  easily 
floats  in  the  air  and  never  seems  to  settle.  In  another  case  the  cloudiness  is  coarser- 
grained  and  settles  down  slowly,  and  in  another  case  it  is  a  very  coarse-grained  mist^ 
which  falls  quickly.  It  would  appear  that,  when  the  dust  is  present  in  great 
quantities,  the  condensed  vapour  forms  a  fog,  because  as  there  are  a  great  number 
of  dust-nuclei,  each  nucleus  only  gets  a  very  little  vapour,  and  is  not  made  much 
larger  or  heavier,  so  it  continues  to  float  in  the  air.  As  the  number  of  dust-nuclei 
diminish,  the  amount  of  vapour  condensed  on  each  particle  increases ;  their  size  and 
weight  therefore  also  increase.  So  that  as  the  density  of  the  cloudiness  decreases  the 
size  of  the  particles  increases,  and  their  tendency  to  settle  down  also  increases.  Fogs 
will,  therefore,  only  be  produced  when  there  is  abundance  of  dust-nuclei  and  plenty 
of  vapour.  There  is  probably  also  something  due  to  the  composition  of  the  dust- 
particles  ;  some  kinds  of  dust  seem  to  form  better  nuclei  than  others. 

This  dust  in  the  atmosphere  will  have  many  sources.  Everything  in  nature 
which  tends  to  break  up  matter  into  minute  parts  will  contribute  its  share.  In  all 
probability  the  spray  from  the  ocean — after  it  is  dried  and  nothing  but  a  fine  salt- 
dust  left — is  perhaps  one  of  the  most  important  sources  of  cloud-producing  dust. 
This  form  of  dust  is  ever  present  in  our  atmosphere,  and  is  constantly  settling 
on  every  object,  as  evidenced  by  the  yellow  sodium  flame  seen  when  bodies  are 
heated.  There  is  also  meteoric  dust,  and  volcanic  dust,  and  condensed  gases.  Mr. 
Langley,  the  American  astronomer,  when  making  observations  on  the  sun  at  about 
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13  000  feet  above  the  sea-level,  on  Mount  Whitney,  nearly  200  miles  from 
th^  Pacific  Ocean,  saw  dust-clouds  which  he  computed  to  be  very  far  above  him 
and  which  it  was  supposed  were  composed  of  fine  loess  blown  from  the  plains  ot 

^^Dr  TVndall  tells  us  that  solar  Hght,  in  passing  through  a  dark  room,  reveals  its- 
track  by  illuminating  the  dust  floating  in  the  air.  "The  sun,"  says  Darnel 
Culverwell,  "discovers  atomes,  though  they  be  invisible  by  candle-light,  and  makes 
them  dance  naked  in  his  beams."  When  we  look  at  a  beam  of  light  thus  traversing 
a  dark  room,  we  are  struck  by  the  marvellous  amount  of  dust  revealed  ever  floating 
in  our  atmosphere,  and  which  under  ordinary  conditions  of  light  are  not  observed. 
When  the  air  containing  this  dust  is  highly  heated  or  passed  through  a  flame, 
all  these  motes  are  destroyed,  and  the  path  of  the  sun's  rays  becomes  invisible.  One 
might  hence  naturally  conclude  that  air  which  has  passed  over  or  tlirough  a  flame, 
or  through  a  fire  where  the  combustion  was  perfect,  ought  to  be  nearly  dustless,  and 
therefore  ought  not  to  be  a  good  medium  for  fogs.  But,  according  to  Mr.  Aitken's. 
experiments,  although  heating  the  air  by  flame  or  heated  metal  may  cause  the  dust- 
motes  to  become  invisible,  and  may  destroy  the  organic  matter  in  the  dust,  it  does 
not  remove  all  the  dust,  but  seems  rather  to  increase  the  number  of  the  particles. 
The  heat  would  seem  to  destroy  the  light-reflecting  power  of  the  dust  by  breaking  up 
the  larger  motes  into  smaller  ones,  and  by  carbonising  or  in  some  way  changing 
their  colour,  and  thus  making  them  less  light-reflecting. 

It  would  follow  from  this  that,  powerful  as  the  sun's  rays  are  as  a  dust-revealer, 
we  have  in  the  fog-producing  power  of  the  air  a  test  far  simpler,  more  powerful  and 
delicate,  than  the  most  brilliant  beam  at  our  disposal.  When  steam  escapes  into  the 
air  it  condenses  on  the  dust-particles,  and  thus,  by  simply  magnifying  their  size, 
makes  their  number  evident  to  the  eye.  Our  "  breath,",  as  seen  on  a  cold  morning, 
is  evidence  of  the  dusty  state  of  the  air.  If  it  were  not  for  dust  we  should  never  see 
our  "  breath,"  nor  would  wreaths  of  steam  be  seen  floating  in  the  air  from  steam' 
boilers,  nor  would  our  railway-stations  and  tunnels  be  thick  with  its  cloudiness. 

It  is  not  only  the  visible  dust-motes  seen  in  the  air  that  form  the  nuclei  of  fog 
and  cloud  particles,  as  these  may  be  all  destroyed -by  combustion,  and  yet  the  air 
remain  fog-producing.  Perhaps  the  most  active  of  all  substances  in  producing  fog 
is  sulphur  when  burned.  The  fog  produced  when  steam  has  been  blown  into  air  in 
which  a  very  little  sulphur  has  been  burned  is  so  dense  that  it  is  impossible  to  see- 
through  a  depth  of  more  than  five  centimetres  of  it.  The  sulphides  when  burned 
also  give  similar  results. 

Hence  combustion  under  all  conditions  is  bad  as  a  fog-pi'oducer  ;  bad,  whether 
the  combustion  be  perfect,  as  in  a  Bunsen  flame  and  a  clear  fire,  or  imperfect,  as  in 
a  smoky  flame  and  smoky  fire.  It  is,  therefore,  hopeless  to  expect  that  by  adopting 
fires  having  a  perfect  combustion — such  as  the  gas  fires,  now  so  much  advocated — 
we  would  thereby  diminish  the  fogs  which  at  present,  under  certain  conditions, 
envelop  our  towns,  and  give  rise  to  so  much  that  is  both  disagreeable  and 
detrimental.  All  fires,  however  perfect  the  combustion,  are  fog-producers  whea 
accompanied  by  certain  conditions  of  moisture  and  temperature. 

Dr.  Aitken  sums  up  his  experiments  with  the  following  suggestive  obser- 
vations : — 

"  All  our  present  forms  of  combustion  not  only  increase  the  number  and 
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density  Of  our  town  fogs,  but  add  to  them  evUs  unknown  in  the  fogs  which  veil 
our  Mis  and  overhang  our  rivers.    In  the  country  our  fogs  are  white  and  pu" 
while  in  towns  they  are  loaded  with  smoke  and  other  products  of  imperfect 
combustion,  makmg  the  air  unwholesome  to  breathe  and  filthy  to  Uve  in  But 
why  should  these  two  miseries  always  come  together?    Either  the  fo-  or  the 
smoke  IS  bad  enough  alone ;  why  should  the  smoke,  which  usually  rises  and  is 
carried  away  by  the  winds,  fall  to  the  ground  when  we  have  fogs  ?    I  think  that' 
the  conditions  which  account  for  the  fog  also  account  for  the  smoke  fallin-  When 
we  have  fogs  the  atmosphere  is  nearly  saturated  with  vapour,  and  the  smoke 
particles,  being  good  radiators,  are  soon  cooled,  and  form  nuclei  on  which  the 
vapour  condenses.    The  smoke-particles  thus  become  loaded  with  moisture  which 
prevents  them  rising,  and  by  sinking  into  our  streets  add  their  murky  thickness  to 
the  foggy  air.    This  seems  to  explain  the  well-known  sign  of  falling  smoke  being 
im.  indication  of  coming  rain.    That  the  colour  or  blackness  of  what  is  caUed  a 
pea^soup  fog  is  due  to  smoke  is,  I  think,  evident  from  the  fact  that  a  town  foa 
enters  our  houses  and  carries  its  murky  thickness  into  our  rooms,  and  will  not 
be  induced  to  make  itself  invisible,  however  warmly  we  treat  it.    It  will  on  no 
account  dissolve  into  thin  air,  however  warm  our  rooms,  for  the  simple  reason 
that  heat  only  dissolves  the  moisture  and  leaves  the  smoke,  which  constitutes  a 
room-fog,  to  settle  slowly,  and  soU  and  destroy  the  furniture.    If  the  fog  were  pure 
—that  is  to  say,  were  a  true  fog,  and  nothing  but  a  fog,  such  as  one  sees  in  the 
country — ^it  would  dissolve  when  heated,  as  every  well-conditioned  fog  does.    A  fog 
is  never  seen  inside  a  countiy  house. 

"  But  while  admitting  the  bad  effects  of  a  fog  aggravated  by  smoke,  yet  we 
must  not  forget  the  probable  good  effects  of  the  smoke.  It  has  been  elsewhere 
pointed  out  that  the  suspended  smoke  or  soot  may  exercise  the  well-known  dis- 
infectant properties  possessed  by  the  different  forms  of  carbon.  Before  utterly 
condemning  smoke,  it  will  be  necessary  fully  to  consider  its  value  as  a  deodoriser. 
And,  further,  we  must  remind  those  who  are  crying  for  more  perfect  combustion 
in  our  furnaces  and  grates,  that  combustion,  however  perfect,  will  not  remove  or 
diminish  fogs.  It  wiU,  however,  make  them  cleaner,  take  away  their  pea-soupy 
character,  but  will  not  make  them  less  frequent,  less  sulphurous,  less  persistent,  or 
less  dense. 

"  "We  have  shown  that  sulphur  in  its  different  forms,  when  burned,  is  most 
active  as  a  fog-producer.  Now,  almost  aU  our  coals  contain  sulphur,  which  is 
burned  along  with  the  coal,  and  it  is  certainly  worth  considering  whether  some 
restriction  ought  not  to  be  put  on  the  amount  of  sulphur  in  the  coal  used  in  towns. 
The  quantity  of  burned  sulphur  that  escapes  from  our  chimneys  is  veiy  great. 
Suppose  we  put  the  amount  of  coal  annually  consumed  in  the  London  district  at  a 
little  over  7,400,000  tons.  Nqw,  the  average  amount  of  sulphur  in  English  coal  is 
more  than  1*2  per  cent.  Suppose  that  it  is  1  per  cent.,  so  as  to  be  within  the 
mark,  that  would  give  74,000  tons  of  sulphur  burned  every  year  in  London  fires,  or 
at  the  rate  of  about  200  tons  in  an  average  day;  and  the  amount  wHl  be  greater  in  a 
winter  day — a  quantity  somewhat  alarming — and  quite  sufficient  to  account  for  the 
density  of  our  fogs.  Its  presence  and  effects  during  our  fogs  are  very  evident  in 
the  discoloured  metal  on  our  street  doors,  and  in  our  houses. 

"  But,  like  smoky  fires,  burnt  sulphur  is  not  an  unmitigated  evil.    During  fogs 
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the  air  is  still  and  stagnant ;  there  is  no  current  to  clear  away  the  foul  smells  and 
deadly  germs  that  float  in  the  air,  and  which  might  possibly  be  more  deadly  than 
they  are  if  it  were  not  for  the  powerful  antiseptic  properties  of  the  sulphurous 
acid  formed  by  the  burning  sulphur.  Before  condemning  the  smoke  and  fog- 
producing  sulphur,  it  would  be  well  for  us  thoroughly  to  investigate  their  saving 
properties,  and  weigh  their  advantages,  lest  we  should  substitute  a  great  aJid 
hidden  danger  for  an  evident  but  less  evil." 

The  general  conclusions  arrived  at  by  Dr.  Aitken  are  of  such  importance  that 
they  cannot  well  be  omitted  here.    They  are  as  follows  : — 

1.  That  as  regards  cloudy  condensation  of  vapour  in  our  atmosphere,  there  is 
dust,  and  dust.  Some  kinds  of  dust  have  such  an  afl&nity  for  water  that  they 
determine  the  condensation  of  vapour  in  unsaturated  air,  while  other  kinds  of  dust 
only  form  nuclei  when  the  air  is  supersaturated — that  is,  they  only  form  free 
surfaces  on  which  the  vapour  may  condense  and  prevent  supersaturation.  In  many 
of  the  experiments  it  was  noticed  that  when  the  air  was  nearly  purified,  when  all 
the  dust  which  had  an  affinity  for  vapour  had  received  its  burden  of  water  and 
settled  down,  that  there  remained,  to  near  the  end  of  the  experiment,  some  particles 
which  seemed  to  require  a  certain  degree  of  supersaturation  before  they  became 
active.  In  highly  supersaturated  air  all  kinds  of  dust  will  form  nuclei,  and 
determine  condensation ;  but  in  unsaturated  air,  only  those  kinds  of  dust  which 
have  an  affinity  for  water  will  be  active. 

2.  This  affinity  which  some  kinds  of  dust  have  for  vapour  explains  why  it  is 
that  our  breath  and  escaping  steam  dissolve  even  in  foggy  air.  The  large  cloudy 
particles  in  our  breath  and  in  condensed  steam  tend  to  evaporate  in  the  same  air  in 
which  condensation  is  taking  place,  because  the  dust-particles  on  which  the 
breath  has  condensed  have  had  their  affinities  more  than  satisfied ;  they  therefore 
tend  to  part  with  their  surplus  by  evaporisation  in  the  same  air  as  those 
particles  which  have  not  had  their  affinities  satisfied  tend  to  condense  it. 

3.  Dry  fogs  are  produced  by  the  affinity  which  the  dust-particles  have  for 
water  vapour,  in  virtue  of  which  they  are  enabled  to  condense  vapour  in  un- 
saturated air.  Prom  the  experiments  with  chloride  of  sodium,  from  the  known 
affinity  of  that  salt  for  water,  and  from  the  fact  that  great  quantities  of  salt- 
dust  are  ever  present  in  the  air,  it  is  evident  that  if  it  is  not  the  cause  of  dry 
fogs  in  the  country  it  must  play  some  part  in  those  phenomena.  There  are  doubt- 
less also  other  kinds  of  nuclei  having  affijiities  for  water  which  wUl  cause  dry  fogs. 

4.  That  the  products  of  combustion  of  the  sulphur  in  our  coals,  especially  when 
mixed  with  the  other  products  of  combustion,  such  as  ammonia,  have  the  power 
of  determining  the  condensation  of  water  vapour  in  unsaturated  air,  and  give 
rise  to  a  very  fine-textured  dry  fog ;  they  are  probably  one  of  the  chief  causes 
of  our  town  fogs,  as  they  have  a  greater  condensing-power  than  the  products  of 
combustion  of  pure  coal. 

Though  there  may  seem  to  be  but  little  doubt  that  products  of  combustion  when 
mixed  with  the  sulphur  compounds  are  most  active  producers  of  town  fogs,  yet  we 
must  not  rest  satisfied  that  they  explain  everything.  There  may  be  other  causes  at 
work,  and  conditions  yet  requiring  explanation  ;  and  the  nuclei,  though  found  in 
far  greatest  abundance  in  the  air  of  our  towns,  will  no  doubt  be  also  found  in  the 
air  of  the  country.    Professor  TyndaU  has  shown  that  light  decomposes  certain 
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gases  and  vapours,  and  that  this  decomposition  is  greatly  aided  by  the  presence  of 
other  gases  or  vapours.  It  seems,  therefore,  probable  that  the  sun's  rays  will  decom- 
pose some  of  the  gases  and  vapours  in  the  aii-,  and  if  these  decomposed  substances 
have  a  lower  vapour-tension  than  the  substance  from  which  they  are  formed 
they  condense  into  very  fine  particles.  These  particles  may  be  solid  or  liquid] 
and  will  form  nuclei  for  the  condensation  of  water  vapour.  We  know  that  there 
are  ever  present  in  our  atmosphere  great  quantities  of  chloride  of  sodium  and 
other  kinds  of  dust  which  have  affinities  for  water.  These  dust-particles  by 
their  affinities  for  water  vapour  cause  condensation  to  take  place  in  unsaturated  air, 
and  if  present  in  great  quantities  give  rise  to  dry  fogs.  Moreover,  if  there  be  an 
affinity  between  the  dust  and  the  vapour,  each  particle  of  dust  tends  to  take  the 
same  amount  of  vapour,  and  if  one  particle  get  more  than  its  proportion  the  others 
tend  to  rob  it  of  its  surplus.  This  evidently  tends  to  equality  in  the  size  of  the 
cloud-particles,  and  tends  also  to  prevent  any  of  them  falling  through  the  others, 
and  thus  prevents  it  beginning  to  rain. 

But  after  the  affinities  of  the  dust-particles  are  satisfied,  this  tendency  to 
stability  no  longer  exists.  The  growth  of  the  particles  becomes  \mequal,  and 
the  larger  drops  or  particles  in  a  cloud  will  tend  to  prevent  the  smaller  ones 
growing  after  the  affinities  of  the  nuclei  are  satisfied.  It  would  appear,  then, 
that  condensation  will  always  begin  in  our  atmosphere  before  the  air  is  saturated. 

There  are  other  questions  connected  with  dust  in  the  air  to  which  we  must 
now  allude.  This  dust  contains  organic  matter  in  a  form  from  which  bacteria  are 
developed.  This  floating  matter  may  not  be  uniformly  distributed,  but  probably 
occurs  in  clouds  denser  in  one  place  than  in  another. 

Recent  observations  at  the  Montsouris  Observatory  at  Paiis  show  that  the  air 
taken  from  the  centre  of  Paris,  and  especially  air  from  the  vicinity  of  sewers, 
produced  bacteria  in  greater  quantities  than  air  taken  from  the  more  open  country. 
It  also  appeared  that  whilst  the  numbers  of  bacteria  were  comparatively  small  from 
air  collected  during  wet  weather,  they  increased  as  the  soil  became  drier,  but 
decreased  again  under  the  influence  of  bright  sunshiny  weather. 

We  are  still  only  on  the  threshold  of  knowledge  as  to  how  diseases  are 
propagated.  The  experiments  of  TyndaU,  Pasteur,  and  Koch  are  making  it  more 
probable  day  by  day  that  many  of  the  most  fatal  forms  of  disease  may  be  propa- 
gated by  some  one  or  other  form  of  organism  which  finds  its  way  into  the  system. 
They  show  that,  given  a  satisfactory  "nidus,"  the  development  of  the  disease- 
germ  is  almost  certain  to  follow ;  and  yet,  how  is  it  that  in  localities  where  disease- 
germs  must  on  this  theory  often  be  filling  the  air,  so  many  persons  escape  the 
disease  1  Why  is  it  that  one  individual  develops  the  disease,  and  another,  exposed 
apparently  to  the  same  influences,  and  possibly  in  a  greater  degree,  escapes  "i 

We  have  taken  the  first  step  in  progress  by  ascertaining  what  will  cause  the 
disease.  The  next  step  is  to  follow  the  example  set  by  Lister,  and  ascertain  what 
will  prevent  the  individuals  exposed  to  the  disease-influence  from  afibrding  a 
satisfactory  "  nidm  "  for  the  reception  of  disease-germs. 

One  thing  we  do  know  from  past  experience,  and  experience  which  is  fortified 
by  the  recent  inquiries  into  disease-germs ;  and  that  is,  that  air  which  has  been 
previously  breathed  by  others  tends  to  permit  certain  diseases  to  spread,  whilst  an 
abundance  of  fresh  air  is  a  great  preventive  to  the  spread  of  disease. 
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We  know  that  phthisis  and  other  diseases  prevaU  where  persons  breathe  air 
rendered  impure  by  the  organic  matter  thrown  off  from  the  human  ^odj^^^^^e 
process  of  breathing  and  transpiring.  We  know,  by  what  was  done  m  the  Bxxtish 
army  that  tubercular  disease  can  be  diminished  by  good  ventilation  and  othei 
sanitary  arrangements.  Dr.  Tyndall  has  shown  us  that  putrefaction  is  only  another 
form  of  organised  life.  We  know  that  malaria  appears  to  arise  from  the  poison 
of  decaying  moist  vegetable  matter  in  marshes  and  forests  ;  and  it  has  been 
.su^<rested  by  Drs.  Klebs  and  Crudelli  that  it  is  caused  by  micro-organisms  present 
inThe  water  of,  or  floating  in  the  air  over,  such  localities.  We  also  know  that 
typhoid  fever  prevails  in  air  which  rises  from  the  putrefying  substances  m  sewers ; 
and  that  in  camps  men  have  suffered  from  typhoid  fever  in  consequence  of  their 
tents  being  placed  near  to  manure-heaps.  We  know  that  air  rendered  impure  by 
breathing,  by  the  presence  of  decaying  organic  matter,  and  by  other  preventible 
causes,  induces  a  low  state  of  vitality.  And  on  the  other  hand,  we  know  that  pure 
air  such  as  that  coming  over  the  sea,  or  that  on  the  top  of  a  mountain,  is  eminently 
restorative  of  vital  energy ;  and  we  believe  that  a  person  in  a  low  condition  of 
health  is  less  able  to  resist  disease  than  one  whose  vital  energy  is  unimpaired. 

So  long  as  air  is  in  movement  out  of  doors,  the  products  of  vegetable  and  animal 
waste  are  continually  removed  from  the  air  by  oxidation.  Much  of  this  oxidation 
is  probably  due  to  the  action  of  ozone,  and  would  not  be  effected  by  ordinary  or  in- 
active oxygen.  Ozone  is  oxygen  in  an  altered  or  allotropic  condition,  and  appears 
to  be  formed  by  the  passage  of  the  electric  spark  through  dry  oxygen,  or  by  slow 
oxidation  of  phosphorus  and  other  essential  oils  in  presence  of  moisture.  Ozone  is 
insoluble  in  water.  Ozone  is  rarely,  if  ever,  absent  in  fine  weather  from  the  air  of 
the  country;  but  it  is  more  abundant,  on  the  whole,  in  the  air  of  the  mountain 
than  of  the  plain.  It  is  also  said  to  occur  in  larger  quantity  near  to  the  sea  than 
in  inland  districts.  It  has  been  found  to  an  unusual  amount  after  thunder- 
storms. 

There  is  great  variety  of  opinion  as  to  the  atmospheric  conditions  which  produce 
ozone.  According  to  some  observers,  the  amount  of  ozone  in  the  air  is  greater  in 
winter  than  in  summer,  and  greater  in  spring  than  in  autumn ;  but,  according  to 
other  observers,  it  is  greater  in  spring  and  summer  than  in  autumn  and  winter. 
Ozone  has  usually  been  found  more  abundantly  in  the  air  at  night  than  by  day ;  but 
again,  some  careful  observers  have  found  the  reverse  of  this  statement  to  be  true. 
No  connection  has  yet  been  proved  to  exist  between  the  amount  of  ozone  in  the 
atmosphere  and  the  occurrence  of  epidemic  and  other  forms  of  disease. 

Ozone  is  rarely  found  in  the  air  of  large  towns,  unless  in  a  suburb  when  the 
wind  is  blowing  from  the  country.  An  experiment  made  last  autumn  at  the  end 
of  the  pier  at  Brighton  showed  the  presence  of  ozone  when  the  wind  was  blowing 
off  the  sea,  but  no  ozone  was  present  when  the  wind  blew  directly  over  the  toM^n ; 
and  it  is  only  under  the  rarest  and  most  exceptional  conditions  that  it  is  found  in 
the  air  of  the  largest  and  best-ventilated  apartments.  It  is,  in  fact,  rapidly 
destroyed  by  smoke  and  other  impurities,  which  are  present  in  the  air  of  localities 
where  large  bodies  of  men  have  fixed  their  habitations.  The  permanent  absence  of 
ozone  from  the  air  of  a  locality  may,  however,  be  regarded  as  a  proof  that  the  air 
is  adulterated  air.  Its  absence  from  the  air  of  towns  and  of  large  rooms,  even  in 
the  country,  is  probably  the  chief  cause  of  the  difference  which,  every  one  feels  when 
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he  breathes  the  ail-  of  a  town  or  of  an  apartment,  however  spacious,  and  afterwards 
inhales  the  fresh  or  ozone-containing  air  of  the  open  country  aiterwards 
The  amount  of  ozone  in  the  atmosphere  is  extremely  small,  and  an  excess  of 
ozone  .  destructive  to  Me;  thus  the  respiration  for  a  vexy  sh;rt  time  o  o'en 
contammg  about  ^  part  of  ozone  is  certainly  fatal  to  all  animals ;  wUlst 
snnxlar  anxmals  wxll  hve  good  health  for  months  after  respiring  oxygen  aJe  for 
thirty-seven  hours,  the  carbonic  acid  being  removed  during  the  experiment. 

hntl      I  r^"'  ?  ^  T^''  ''''^'^  Pr-^tical  application 

both  HI  this  county  and  m  the  United  States ;  and  in  l.^ew  York  an  Apparatus 
for  producing  ozone  from  the  slow  combustion  of  phosphorus  is  sometimes  used 
in  crowded  oifices  as  a  means  of  purifying  the  air.  Of  the  useful  effects  of  this 
apparatus  there  are  no  recorded  experiments.  It  is,  however,  to  be  observed 
that,  whatever  may  be  the  beneficial  effect  of  ozone  in  destroying  putrefyin<. 
organic  matter,  ozone  in  excess  is  a  deadly  poison. 
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CHAPTER  XLYIII. 

Deterioration  of  Air  in  Confined  Spaces — Effect  of  Eespiration — Danger  from  re-breathed  Air — Dr. 
Leeds'  Experiments — ^Army  Experience — Town  Air — Density  of  Population. 

The  process  of  breatliiiig  takes  air  into  the  lungs  and  expels  it  in  a  deteriorated 
condition,  because  the  air  is  thereby  deprived  of  its  vital  oxygen,  which  is  replaced 
by  carbonic  acid,  by  a  large  amount  of  water,  and  by  a  variable  quantity  of  animal 
(organic)  matter.  This  organic  matter,  on  an  average,  may  be  estimated  at  thirty 
or  forty  grains  a  day  for  each  adult.  It  consists  of  small  particles  of  skin 
(epithelium),  fatty  matters,  and  a  peculiar  foetid  (organic)  vapour,  which  is  the 
cause  of  the  disagreeable  odour  in  close  and  crowded  rooms,  which  gives  rise,  by  its 
decomposition,  to  products  detrimental  to  health. 

If  this  air  be  passed  through  water,  the  latter  soon  exhibits  all  the  phenomena 
of  putrefactive  fermentation. 

The  water  given  out  in  respiration  is  loaded  with  animal  impurities;  it  condenses 
on  the  inner  walls  of  buildings,  and  trickles  down  in  foetid  streams,  and  evaporates 
or  sinks  into  the  walls,  leaving  the  impurities  on  the  surface.  On  this  account,  a 
peculiar  disagreeable  smell  may  often  be  perceived  in  rooms  which  have  been  long 
inhabited,  especially  rooms  which  have  been  inhabited  by  large  numbers  of  persons, 
and  the  wall-surfaces  of  which  have  not  been  often  renewed.  The  oxygen  is,  of 
course,  diminished  in  the  direct  ratio  of  the  consumption  of  carbon  and  hydrogen  in 
the  system.  But  a  man  vitiates  more  air  than  is  needed  for  respiration ;  an  un- 
certain quantity  of  fresh  air  is  both  needed  and  vitiated  in  each  minute  by  trans- 
piration. A  constant  exhalation  of  carbonic  acid  transpires  from  the  skin,  by  no 
means  so  large  as  that  emitted  from  the  breath,  but  probably  one-fourth  or  one- 
fifth  as  great.  The  regularity  of  this  transpiration  nearly  equals  that  of  respiration. 
Accompanying  this,  it  is  probable  that  an  absorption  of  oxygen  corresponding  to 
the  equivalent  of  oxygen  in  the  carbonic  acid  takes  place. 

Experiments  have  been  made  to  determine  the  amount  of  carbonic  acid  which  is 
given  out  in  the  process  of  breathing.  A  subsistence  diet,  sufficient  for  the 
internal  work  of  the  body  only,  is  a  little  under  three  thousand  grains  of  carbon 
daUy,  yielding  about  13-6  cubic  feet,  or  about  0-67  cubic  feet  per  houi-  of  COj 

Angus  Smith,  in  his  experiments,  was  unable  to  find  more  than  04  cubic  feet  per 
hour  of  CO,  given  off;  but  the  experiments  of  Pettenkofer  showed  that  in  a  state  of 
repose  an  adult  gave  off  about  0*7,  and  in  a  state  of  active  work  0-9  to  1-0,  or  more. 

The  numbers  correspond  pretty  closely  with  theoretical  calculation,  but  if  the 
number  0-6  cubic  feet  be  taken  to  aUow  for  difference  of  age,  weight,  and  sex,  it 
•will  be  well  within  the  mark  in  the  calculation. 

^  The  constitution  and  usual  diet  of  the  person  experimented  on  no  doubt 
influences  the  result.    Temperature  also  has  an  effect. 

With  a  lugh  temperature,  the  quantity  of  oxygen  present  in  the  air  is 
2T)      .  ^  weighs  566-85  grains,  and  if  the 

proportion  of  nitrogen  and  oxygen  be  assumed  to  be  by  weight  seventy-seven  and 
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twenty-three  per  cent.,  and  the  slight  amount  of  carbonic  acid  be  neglected,  there 
will  be  in  a  cubic  foot : — 

436'475  grains  of  nitrogen. 
130-375  grains  of  oxygen. 

566-850. 

As  a  man  draws,  on  an  average,  when  tranquil,  16  "6  cubic  feet  per  hour  into  his 
lungs,  he  will  thus  receive  130-375  x  16-6  =  2, 164 -2  grains  of  oxygen  per  hour. 

At  a  temperature  of  80°,  the  foot  of  air  weighs  616-38  grains,  and  on  the  same 
assumption  is  made  up  by  weight  of — 

397-61  grains  of  nitrogen 
118-77  grains  of  oxygen. 


516-38. 


Therefore,  in  a  hour,  if  a  man  withdraws  16-6  cubic  feet,  he  will  receive  118-77 
X  16-6  =  1,971"6  grains  of  oxygen  per  hour.     Or,  in  other  words,  in  an  hour  he 
would  receive  192*6  grains  of  oxygen  less  with  the  higher  temperature  ;  that  is  to 
say,  he  would  breathe  an  amount  equal  to  about  90  per  cent,  of  the  amount  he 
would  breathe  at  the  lower  temperature. 

Experiments  have  been  tried  with  birds  and  animals  which  tend  to  show  that 
there  is  less  than  one  half  exhaled  when  breathing  air  at  a  temperature  above 
86°  Fahrenheit  than  there  is  when  breathing  air  at  a  temperature  near  the  freezing- 
point.  This  is  practically  illustrated  by  the  fact  that  when  we  are  breathing  air  at 
this  very  low  temperature  we  are  twice  as  active,  and  can  do  twice  as  much  work, 
as  when  we  are  breathing  air  of  nearly  the  temperature  of  our  own  bodies.  We 
know  how  very  languid  and  good-for-nothing  we  feel  on  a  hot  summer's  day  ;  and, 
on  the  contrary,  how  fresh  and  vigorous  we  feel  in  the  open  air  of  a  cold  bracing 
Avinter's  day. 

The  amount  of  vapour  given  out  by  the  breath  varies ;  but  taking  the  amount 
from  skin  and  lungs  together,  it  may  be  assumed  at  about  30  ounces  per  diem, 
or  about  550  grains  per  hour,  enough  to  saturate  about  90  cubic  feet  of  air  at 
a  temperature  of  63°  Fahrenheit.  The  amount  of  organic  matter  has  been 
variously  estimated,  but  there  are  hardly  any  trustworthy  experiments  on  record. 

As  already  mentioned,  this  organic  matter  is  highly  poisonous;  and  it  is  as 
much  from  the  presence  of  this  as  from  carbonic  acid  in  re-breathed  air  that  mjury 

The  virulent  nature  of  this  poison  of  impure  air  and  the  rapidity  of  its  action 
are  exemplified  by  many  instances,  of  which  we  wiU  select  one  or  two,  which  axe, 

however,  well  known. 

In  the  year  1756  there  were  146  individuals  confined  m  a  small  ceU  kno^Ti  as 
the  Black  Hole  of  Calcutta.    This  ceU  was  18  feet  long  by  14  feet 
small  that  the  last  person  of  the  146  had  to  be  crushed  in  upon        ^  ^ 
violence  as  the  door  was  closed  and  locked.    The  ^-^J 

two  small  holes.    In  the  morning  123  corpses  were  taken  out,  and  twenty-three 

beings  who  could  scarcely  be  said  to  be  alive.  ,  j  Dpp^mber  1848. 

Ihe  steamship  Londonderry  left  Sligo  for  Liverpool  on  2nd  December,  1«4«, 
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and  stormy  Aveather  coming  on,  the  captain  forced  200  steerage  passengers  into 
theii-  cabin,  wHch  was  18  feet  by  11  feet,  and  7  feet  bigb.  The  hatches  we 
battened  down  and  covered  with  tarpaulin.  When,  the  cabin  was  opened  seventy- 
two  persons  were  found  dead,  and  several  expiring. 

Horace  Walpole  mentions  that  in  1742  a  set  of  joUy  Dogberries,  virtuous  m 
their  cups,  resolved  that  every  woman  out  after  dark  ought  to  be  locked  up  in  the 
round-house.  They  captured  twenty-six  unfortunates,  and  shut  them  in  with  doors 
and  windows  fastened.  The  prisoners  exhausted  their  breath  in  screaming.  One 
poor  girl  said  she  was  worth  eighteenpence,  and  cried  that  she  would  give  it  gladly 
for  a  cup  of  water,  Dogberry  was  deaf.  In  the  morning  four  were  brought  out 
dead,  two  dying,  and  twelve  in'  a  dangerous  condition. 

These  were  all  deaths  caused  by  breathing  over  again  air  which  had  been  once 
breathed  without  any  fresh  air  to  dilute  it. 

These  cases  of  suffering  and  death  may  be  said  to  have  arisen  from  causes  out 
of  the  control  of  the  victims.  But  in  many  instances  the  sufferers  have  themselves 
created  the  evils. 

'  The  following  instance  of  disease  directly  traceable  to  the  generation  of  impure 
air  in  a  room  from  carelessness  was  mentioned  nearly  eighty  years  ago  by 
Dr.  Beddoes,  and  deserves  to  be  alluded  to,  as  illustrating  the  importance  of  opening 
out  bed-clothes  in  the  morning,  and  keeping  dirty  linen  in  baskets  instead  of 
in  closed  boxes  or  drawers.  One  man  of  the  Horse  Artillery  at  "Woolwich  Avas 
admitted  into  the  hospital  with  a  suspicious  fever,  next  day  another.  This  excited 
inquiiy.  It  was  found  that  they  came  from  two  different  barrack-rooms.  These 
were  followed  by  other  men,  in  all  amoimting  to  eight,  three  of  whom  came  from  a 
separate  room,  the  rest  from  the  same  rooms.  All  the  rooms  whence  the  infected 
men  came  were  found  to  have  entirely  different  bedding  from  the  rest  of  the 
barracks.  The  Horse  Artillery  being  a  corps  in  constant  readiness  for  service,  and 
whose  appointments  were  always  complete,  had  for  convenience  of  carriage 
hammock  bedding.  The  hammocks  were  rolled  up  tightly  every  morning  the 
moment  the  men  rose,  and  they  were  uidoosed  when  they  went  into  them  at  night. 
At  this  time  there  had  been  so  much  and  so  constant  rain,  that  this  bedding  had 
not  been  aired  or  opened  for  a  single  day  for  at  least  two  months.  The  hammocks 
with  their  bedding  were  examined,  and  the  moment  they  were  opened  a  very 
peculiar  nauseating  smell  was  perceptible.  Immediate  steps  were  taken  to  alter 
the  bedding,  and  no  further  mischief  took  place. 

Here  an  infectious  fever  evidently  arose  from  the  confinement  of  the  effluvia 
(or  fumes,  vapours,  exhalations)  from  a  man's  own  person  for  a  term  of  about  two 
months. 

When  the  effects  do  not  go  thus  far,  the  breathing  of  contaminated  air 
gradually  lowers  the  standard  of  health ;  and  either  alone,  or  combined  with  want 
of  food  or  exercise,  or  with  excessive  work  and  irregular  habits,  becomes  a  fertile 
cause  of  consumption  and  diseases  of  the  lungs  and  other  organs.  An  atmosphere 
of  this  kind,  if  not  capable  of  generating,  certainly  causes  a  more  rapid  spread 
of  such  diseases  as  fever,  small-pox,  scarlatina,  &c.,  as  much  by  favouring  the 
development  of  the  special  poison  as  by  rendering  the  body  less  healthy,  and 
therefore  less  capable  of  resisting  the  disease-poison. 

Speaking  of  this.  Dr.  Carpenter  says  in  his  work  on  "Human  Physiology," 
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that  the  "pm-ity  of  the  atmosphere  habituaUy  respired  is  es^tial  toT 
— ance  of  that  power  of  resisting  disease  whii,  Jen  mor^  thaTtt  ordin^^^ 
state  of  health,  is  a  measure  of  the  real  vigour  of  the  system.  For,  owin.  to^he 
extraordmaxy  capability  which  the  human  body  possesses  of  accommodating  tse]^ 
to  circumstances,  it  not  unfi-equently  happens  that  individuals  continue  for  years  to 
breathe  a  most  unwholesome  atmosphere  without  apparently  suffering  from  it,  and 
thus  when  they  a  last  succumb  to  some  epidemic  disease  their  death  is  attributed 
solely  to  the  latter,  the  previous  preparation  of  their  bodies  for  the  reception 
and  development  of  the  zymotic  poison  being  altogether  overlooked  " 

The  effect  of  fresh  air  is  to  accelerate  the  functions  of  the  body,  so  as  ta 
enable  more  work  to  be  done.  Dr.  Beddoes  mentions  a  case  in  which  fresh 
air  was  supphed  to  a  work-room  where  some  dressmakers  had  been  workin<. 
m  a  very  close  atmosphere.  The  dressmakers  complained  that  the  ventilation 
increased  theu:  appetite,  and  that  unless  their  wages  were  raised  to  enable 
them  to  buy  food  they  would  prefer  to  have  the  close  atmosphere  restored:  but 
they  did  much  less  work  in  a  day  in  the  close  atmosphere  than  they  did  with 
the  due  amount  of  ventilation,  and  the  additional  work  was  worth  more  than 
the  additional  sum  for  wages. 

Dr.  Leeds,  of  New  York,  mentions  an  experiment  which  exemplifies  this  same^ 


thing. 


The  account  he  gives  is  too  graphic  to  omit:  "I  took  six  half-gallon  jars, 
SIX  quart  jars,  and  six  pint  jars,  making  eighteen  in  all,  into  aU  of  which  I  enticed 
flies.  Some  had  twenty,  some  forty,  and  some  sixty.  Two  of  the  bottles  of  each, 
size,  making  six  in  all,  I  filled  with  my  breath,  and  sealed  up  tight;  two  of  each, 
size  I  simply  sealed  tight,  but  filled  with  pure  aii- ;  and  the  other  six,  two  of  each 
size,  I  covered  with  coarse  netting,  so  as  to  allow  of  a  free  circulation  of  air  and 
keep  the  flies  confined.  It  was  in  summer,  and  I  closed  them  up  at  6  p.m.,  the 
sun  about  an  hour  high;  I  observed  their  condition  at  intervals  of  an  hour. 
At  the  end  of  the  first  hour  those  confined  in  the  breath  were  very  stupid,  many  of 
them  tumbling  about  from  side  to  side,  and  none  able  to  fly.  Those  confined  in  the 
pure  air  were  moderately  lively,  about  half  of  them  could  fly  from  side  to  side,  and 
were  just  as  much  at  the  bottom  as  at  the  top  of  the  jar.  But  a  very  different 
scene  was  presented  as  the  others  with  the  circulating  air  were  examined ;  they 
were  all  crowded  to  the  fresh  air  opening,  their  feet  sticking  up  through  the 
netting,  and  there  they  remained  with  much  persistence.  If  driven  away,  they 
would  immediately  return,  and  in  one,  there  being  more  flies  than  room  at 
the  fresh  air  opening,  they  had  to  take  turns  standing  at  the  window :  which 
reminded  me  of  what  I  observed  at  jN'ashville  jail,  which  was  so  shamefully 
crowded,  and  with  so  little  air,  that  each  prisoner  was  allowed  just  so  many 
minutes  to  stand  by  the  little  hole  that  admitted  the  fresh  air;  and  this  was 
considered  so  great  a  privilege,  each  one  waited  with  the  greatest  anxiety  and 
impatience  for  his  turn,  and  they  would  never  miss,  night  or  day. 

"So  it  seemed  to  be  a  great  privilege  with  these  flies,  but  I  suppose  they  did 
not  take  their  turn  with  so  much  punctuality. 

"In  two  hours  some  of  the  flies  in  the  breath  seemed  nearly  dead,  the  others 
much  the  same.  At  ten  in  the  evening  no  particular  change.  Next  morning, 
at  six  o'clock,  no  marked  difference;  those  in  the  breath  a  little  more  stupid,. 
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„a  t.o  or  th«e  app»ent,y  dead ;  one  or  two  in  ^^^^^^^^^^^J^;  .^^^'^^ 
On  hPinc^  out  out  in  the  bright  morning  sun  they  revived  woncleituiiy  t-uu 
t^e  Zl^ts  L^  air  ke^t  up  a  perfect  humming,  and  the  others  revived  very 
mi  cr  bTfew,  however,  of  those  in  the  breath  were  able  to  fly  even  with  tht. 
rJra  stimulus  At  10  Lm  I  went  to  town,  and  at  5  p.m.  returned  home^  I 
:fpect  dTtd  aU  those  in  the  breath  dead,  those  in  the  confined  pui-e  air  abou 
hXtad,  and  those  in  the  circulating  pure  air  as  lively  as  ever ;  ^>-*  -^^f  ^ 
astonishment  and  disgust  I  found  every  one  of  those  in  the  .^l^'^f^^^^-^, 
not  a  vestige  of  life  in  a  single  fly.  Those  in  the  pure  confined  air  ^ere  * 
detd!  and  nearly  the  same  proportion  of  those  confined  in  the  jar  with  the  breath. 
But  they  did  not  die  even  in  these  with  perfect  regularity. 

"Those  in  the  breath  died  a  little  the  fastest;  but  very  soon  after  I  noticed 
another  form  of  animal  hfe,  in  the  shape  of  maggots,  which  soon  attained  the  si^e 

of  the  original  flies.  . 

"Some  of  these  flies  in  the  breath  and  confined  pure  air  hved  ten  days  (theie 
^vould  be  but  one  or  two  in  a  bottle  that  lingered  so  long)  ;  the  other  animal  lite 
lingered  some  three  weeks.    These  bottles,  upon  being  opened,  emitted  a  horrid 

stench.  .       .  t,  j  +i, 

"  But  the  bodies  of  the  flies  confined  in  the  pure  circulatmg  air  never  had  the 
least  unpleasant  odour,  were  never  touched  by  any  insect,  and  three  months  after 
their  bodies  were  just  as  bright  and  clear  as  the  day  they  died.  Thus,  those  ui  the 
foul  air  lived  ten  times  as  long  as  those  in  the  pure  air.  Now  the  practical  lesson 
this  teaches  is  what  I  before  asserted,  that  when  you  breathe  pure  air  you  live 
faster,  so  to  speak  ■  you  are  much  more  lively ;  ,you  use  much  more  exertion  ;  but 
all  this  exertion  requires  power,  and,  universally,  power  requires  food. 

"  Now  these  flies  in  the  circulating  pure  air  no  doubt  used  more  exertion  or  did 
more  work  in  the  few  hours  they  were  living  without  food  than  did  those  which 
lived  ten  days— their  bodies  were  so  thoroughly  used  up  there  was  nothing  but 
skin  and  bones  left." 

This  explains  what  might  otherwise  seem  a  strong  argument  agaiast  breathing 

pure  air. 

We  find  many  poor  people  living  in  poor  unventilated  houses,  who  exist  to 
quite  an  advanced  age ;  but  they  are  often  sick  and  feeble,  and  if  they  both  live 
and  work  in  close,  unventilated  rooms,  they  will  eat  much  less,  and  do  much  less 
work,  than  those  who  live  and  work  in  fresh  air.  The  course  which  a  person 
should  pursue  who  desired  to  fast,  like  Dr.  Tanner,  for  a  long  period,  would  be  to 
shut  himself  up  in  a  close  room,  without  change  of  air  or  exercise. 

And  similarly,  when  a  person  finds  he  cannot  earn  his  living,  or  if  he  earns  so 
■  little  that  he  cannot  get  sufficient  food  to  eat,  he  had  better  imitate  the  hybernating 
animals  as  nearly  as  possible,  and  get  into  some  close,  unventilated  place,  and  lie 
down  in  perfect  quiet  and  repose,  and  not  fret  at  aU,  and  he  wiU  then  be  able  to 
exist  on  very  little  food. 

On  the  contrary,  when  persons  think  they  are  able  to  earn  their  own  living  and 
a  little  more,  and  desire  to  live  their  lives,  and  enjoy  thorough  physical  health  and 
strength,  the  more  pure  air  they  breathe,  provided  they  have  an  abundance  of  good 
wholesome  food  and  plenty  of  exercise,  the  better  and  the  greater  will  be  the 
amount  of  physical  or  mental  labour  they  will  be  able  to  perform. 
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The  results  of  fresh  air  on  the  health  of  the  army  were  most  striking.  The 
large  mortahty  suffered  by  the  ai-my  during  the  Crimean  War  led  the  Government 
to  cause  a  careful  exannnation  of  the  barracks  and  military  hospitals  in  (Sea 
Bntainto  be  made,  whxch  showed  that  defective  ventilation  prevaUed  to  a  g^  a 
exten  ITumerous  miprovements  were  consequently  introduced  into  barracks  and 
the  foUowongis  the  comparative  mortahty  of  the  troops  at  home  stations  before 
and  after  these  nnprovements  xn  barracks  had  been  effected.  Before  the  improve! 
ments,  the  zymotic  diseases  amounted  to  4-1  per  1,000  Hving;  chest  and  tubercular 
diseases  to  10-1  per  1,000  Hving;  all  other  cUseases  to  3-7  per  1,000  Hvin.  and 
the  total  annual  mortahty  to  17-9  per  1,000  Hving,  or  nearly  douile  the  mortality 

XTonO    ir  ^  ^-g^-^'  -^-^        only  9-8 

per  1  000,  although  the  soldier  is  specially  selected  after  medical  inspection  as  a 
healthy  man. 

After  the  ventilation  of  bai^ack-rooms  and  improved  means  of  warming  had 

arrangements  and  a  better  water- 
r^nn  n  introduced,  the  deaths  from  zymotic  diseases  were  only  0-96  per 

1,000  living;  chest  and  tubercular  diseases  only  4-20  per  1,000  Hving;  aU  other 
diseases  remained  about  the  same,  viz.,  3-40,  the  total  annual  mortahty  beina 
reduced  to  8-56  per  1,000  living,  a  mortality,  under  the  circumstances,  stHl  too 
high,  and  which,  we  may  trust,  Avill  graduaUy  diminish ;  but  it  is  noteworthy  that 
after  the  ventilation  in  the  barrack-rooms  had  been  perfected,  an  increase  had  to 
be  made  in  the  amount  of  the  soldiers'  rations. 

Similarly,  the  older  cavalry  stables  were  low-roofed,  with  windows  and  doors 
at  the  ends ;  they  were  dark ;  there  were  no  proper  means  of  ventilation ;  the 
dramage  was  defective;  the  cobble-stone  paving  was  in  use,  which  could  never  be 
properly  cleaned.  The  horses  had,  in  short,  no  fresh  air  to  breathe,  and  suffered 
from  glanders,  coughs,  catarrhs,  and  other  chest  diseases.  These  older  stables  have 
been  ventilated,  and  the  paving  and  drauaage  improved  as  far  as  practicable.  New 
stables  have  been  constructed,  on  principles  the  reverse  of  the  old.  They  have 
sufficient  cubic  space;  they  have  abundant  means  of  light  and  fresh  au-;  the 
horses'  heads  are  turned  to  the  outer  waHs,  and  pro-\dsion  is  made  for  fresh  air 
being  supplied  to  the  horse  while  he  is  lying  down ;  the  paving  and  dramage  have 
been  properly  constructed.  Since  then,  glanders  has  scarcely  been  heard  of,  coughs 
and  catarrhs  have  disappeared,  and  the  horses  are  healthy. 

It  is  unnecessary  to  multiply  instances. 

In  speaking  of  carbonic  acid,  we  have  shown  how  comparatively  uniform  is  the 
quality  of  air  out  of  doors,  and  that  great  differences  in  the  quality  of  air  ai-e 
shown  from  an  analysis  of  the  air  in  rooms.  The  impurities  in  air  out  of  doors 
become  rapidly  dissipated  in  the  surrounding  atmosphere. 

Dr.  Leeds,  of  New  York,  says  : — "  There  was  quite  an  account  made  a  few 
years  ago  of  the  wonderful  cures  of  consumption  that  had  been  performed  by  the 
patient  being  removed  to  the  stable,  where  he  could  be  in  close  proximity  -with  the 
cow ;  and  I  have  no  doubt  many  consumptive  patients  would  find  great  benefit 
by  such  a  course  of  treatment :  not  that  there  is  any  virtue  in  the  smell  of  the  cow, 
but  that  the  air  of  the  cow-stable  would  be  nearer  pure  than  that  of  their  own 
chamber." 

The  reason  why  cities  ai'e  so  much  more  unhealthy  than  the  country  is 
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r  T7„,v  in  the  streets  is  so  much  contaminated  by  the  impurities  which  it  is 
^ir^actt  t^^^^^^^  the  houses,  on  the  street  surfaces,  and  often 

o«ce  It  frequently  happens  that  the  whole  subsoil  of  a  town  becomes 
ZZtJ^^iriuriZ  from  carelessness  in  removing  filth,  and  then  that  xt  g.ve 
oTdtlTous  em'anations.  In  many  Indian  cities  nitre  is  obtamed  from  the 
slot  wMch  results  from  the  surface  having  been  long  used  as  a  deposxt  or 
exc  e  a.  The  whole  subsoil  of  our  cities  used  to  be  perforated  with  cesspits,  which 
were  generally  porous;  and  were  so  preferred,  as  rendering  frequent  empfcyongs 
unnecessary  The  experience  of  Munich  is  most  instructive  on  this  question.  In 
Zt  city  the  enteric  fever  mortality,  per  1,000,000  of  inhabitants,  for  quinquennial 
periods  was  as  foUows  : — 

rrom  1854  to  1859,  when  there  were  absolutely  no  regulations  for  keeping  the  soH  clean,  ^^^^ 

and  cesspits  were  porous  \,     i  ^  '         i    -i^o  ^-p 

From  1860  to  1865,  when  reforms  were  begun  by  cementmg  the  bottoms  and  sides  of  ^^^^ 

porous  cesspits  13  3 

From  1866  to  1873,  when  there  was  partial  sewerage  • 

From  1876  to  1880,  when  the  sewerage  was  complete  

This  contamination  of  the  air  is  specially  important  in  most  cities;  and, 
indeed,  in  almost  aU  old  cities,  because  the  houses  are  so  buHt  together 
that  the  vast  ocean  of  air  with  wHch  we  are  surrounded  cannot  get  at  and 
through  the  houses  to  purify  them,  as  it  does  in  the  houses  in  the  country. 
It  is  probable  that  a  family  Uving  in  the  filthiest  street  in  a  city,  if  they 
were  careful  to  have  a  constant  current  of  air  from  that  street,  filthy  as  it 
is,  passing  through  the  house  at  all  times,  night  and  day,  would  be  more  healthy, 
other  things  being  equal,  than  a  family  spending  their  winters  in  the  finest  house, 
if  kept  air-tight,  in  the  healthiest  location  in  the  city,  and  their  summer  in  the 
country,  especially  if  they  were  always  careful  to  exclude  the  night  air  from  their 
bed-rooms. 

This  is  fully  borne  out  by  the  experience  gained  in  London. 

For  instance,  the  average  density  of  population  of  the  metropolis  is  stated  to  be 
42  persons  per  acre.  But  the  crowded  district  of  St.  GUes  has  a  population  of  300 
per  acre,  whereas  Eltham  has  a  population  a  little  over  one  person  per  acre. 

The  death-rate  of  London,  in  a  recent  year,  was  23-8  per  1,000  ;  that  of  the 
district  of  St.  GUes  was  27  per  1,000 ;  whilst  the  death-rate  of  Eltham  was  barely 
17  per  1,000. 

In  these  thickly-peopled  districts  there  are  narrow  streets  and  courts;  the 
houses  are  back  to  back,  vrithout  any  opportunity  for  the  air  to  circulate  between 
them,  and  therefore  the  impurities  which  necessarily  float  in  the  air  of  all  occupied 
districts  cannot  obtain  full  exposure  to  the  air,  which  alone  can  efiect  purification. 
Many  instances  can  be  given  of  the  unliealthiness  of  confined  districts.  From  the 
Report  of  the  Select  Committee  of  the  House  of  Commons  on  the  Artisan  and 
Labourers'  Dwellings  Act,  it  appeared  that  in  parts  of  Limehouse,  where  514 
persons  were  crowded  into  each  acre  of  space,  the  death-rate  was  50  per  1,000. 
as  against  23  per  1,000  for  the  whole  district. 

But  when  sanitary  conditions  are  carefully  observed,  the  density  of  population 
afibrds  no  index  of  the  death-rate.    If,  instead  of  covering  an  acre  of  ground  with 
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houses  t^yo  or  three  storeys  high,  without  circulation  of  air  between  them,  the  same 
amount  of  population  is  accommodated  in  lofty  buildings,  say  six  or  seven  storZ 

rel^stLr"  "  ^'^^^^^^^^^ 

Certain  model  lodging-houses,  affording  a  density  of  860  and  1,140  persons  per 
acre,  have  yielded  death-rates  not  exceeding  from  16  to  18  per  1,000,  which  i! 
owmg  entn-ely  to  the  freedom  with  which  the  surrounding  air  is  allowed  to  circulate 
around  and  through  the  buUdings,  and  to  the  care  exercised  to  remove  every  source 
of  impurity  from  within  the  buildings  and  from  the  open  surfaces  retained  around 
them.  ^  In  addition  to  these  considerations  there  is,  in  the  use  of  lofty  houses,  also 
a  benefit  derived  from  elevation  per  se.     The  humidity  at  heights  of  above  50  feet 
from  the  ground  up  to  300  feet  is  less  at  night  than  nearer  the  ground.    In  clear 
weather  and  low  fogs,  between  sunset  and  sunrise,  the  temperature  at  50  feet 
IS  nearly  always  higher  than  on  the  ground  or  10  feet  from  it.     It  will  be 
found  that  at  a  height  about  equal  to  that  on  the  upper  rooms  in  a  Hgh  house,  a 
more  equable  temperature  and  drier  climate  prevails  than  at  lower  levels— drier 
than  at  the  seaside,  and  with  a  daily  range  not  much  greater ;  and  that  it  is 
less  cold  on  the  coldest  and  on  foggy  nights  than  down  below.    This  experience 
may  be  summed  up  as  follows— viz  :  Other  circumstances  being  favourable,  delicate 
persons  should  not  sleep  on  a  ground  floor,  or  live  in  low  situations ;  and  living 
near  the  top  of  a  high  house  and  on  the  ridge  of  a  hill  might  be  of  gi-eat  benefit  i^ 
many  cases  of  lung  and  throat  diseases,  and  in  all  cases  where  night  air  has  a  bad 
effect.    The  ground  floor  of  all  houses  should  be  raised  above  the  ground  and 
well^  ventilated   underneath,  and   houses,  especially  cottages,  should  never  be 
considered  habitable  in  which  these  precautions  have  not  been  taken.  Moreover, 
in  a  thaw  after  hard  frost,  when  colds  and  chills  are  frequent,  fires  are  more 
necessary  in  lower  rooms  than  during  frost.    It  is  also  noteworthy  that  in  frosty 
weather  there  must  be  some  economy  in  admitting  fresh  air  to  a  house  from  the 
upper  part,  where  the  air  enters  less  cold  than  near  the  ground.    It  should  be 
borne  in  mind  that  chills  are  more  probable  in  low  situations,  and  from  draughts 
in  lower  rooms,  about  the  time  of  sunset,  than  at  higher  levels ;  and  that  proximity 
to  rivers,  where  extremes  of  temperature  and  damp  mists  occm;  k  most  unwhole- 
some for  rheumatic  and  delicate  persons.     From  these  various  considerations  it 
should  be  recollected  that  for  soldiers  ia  time  of  war,  and  in  all  cases  of  camping 
out  in  the  open  air,  it  must  be  of  great  advantage  to  be  raised  a  little  above  the 
ground  at  night. 


CHAPTER  XLIX. 

P.   >„!  Properties  of  Air-Movement  of  Air-Diffu.ion  of  Gasea-Standard  of  Admissible  Im- 
Physical  Properties  of^_^       ^  ^^^^^  Spaces-Hygrometrical  Standard. 

The  first  necessity  is  to  obtain  fresh  air  around  our  dWlings,  ^nd,  having 
secured  that,  the  object  of  ventUation  is  to  enable  us  to  assimdate  the  condxt.on  of 
air  indoors  as  nearly  as  possible  to  that  out  of  doors,  so  as  to  obtam  m  oux 
dwellino-s  a  continual  movement  and  change  of  air. 

Sre,  however,  explaining  the  methods  by  which  ventilation  can  ^>e  secured 
it  is  necessary  to  explain  certain  facts  connected  with  the  physical  constitution  of 

Atmospheric  air  is  governed  by  the  laws  which  regulate  other  gases.  Gases  are 
perfectly  elastic  bodies.  The  elasticity  of  solids  is  within  certain  limits  only  ;  the  best 
Liners  of  locomotive  engines  and  carriages  seem  capable  of  enduring  only  a  limited 
number  of  bendings  before  they  break.  Air  remains  constantly  elastic.  It  has 
been  shut  up  for  years  in  the  air-vessel  of  an  hydrauHc  engine,  and  still  exhibited 
this  property  as  perfectly  as  at  first.  The  volume  is  inversely  as  the  pressure  As 
we  remove  the  pressure,  gases  constantly  expand,  and  always  fill  completely  the 

vessel  in  which  they  are  contained.  e  loo  v 

The  specific  gi-avity  of  air  is  regarded  as  1  at  the  temperature  of  32  Fahr., 

and  with  the  barometer  at  30-1  inches.  _ 

One  hundred  inches  of  air  weigh  31,053  grains.  Air  is  14-25  times  heaA^er  than 
hydrogen,  but  water  is  816  times  heavier  than  air.  The  average  pressure  of  the 
air  on  the  surface  of  the  earth  and  at  the  level  of  the  ocean  is  equal  to  15  lbs. 
to  the  square  inch :  that  is,  the  air  is  capable  of  supporting  a  column  of  mercury 
of  30  inches,  or  760  m.m.,  or  a  column  of  water  of  34  feet  m  height.  As  we 
ascend,  the  pressure  diminishes  with  the  density,  it  being  halved  for  every  3-4 
miles.  It  foUows,  therefore,  that  whatever  may  be  the  extent  of  the  air  which 
surrounds  the  earth,  one-half  of  the  atmosphere  must  be  confined  to  a  distance  of 
about  three  and  a  half  mUes  from  the  earth.  The  velocity  with  which  air  enters  a 
vacuum  depends  upon  the  height  of  the  column  of  air  above  it :  that  is  to  say,  at 
the  level  of  the  sea  it  wiU  enter  a  vacuum  much  more  rapidly  than  at  the  top  of  a 
mountain.  Gases  rush  into  a  vacuum  with  a  velocity  inversely  proportional  to  the 
square  roots  of  their  densities.  The  average  temperature  of  the  air  in  England  is 
60°  Fahr.  (15-50°  0.).  But  this  varies  at  difierent  heights,  the  temperature  decreasing 
approximately  1°  Fahr.  for  every  300  feet  in  height.  THs  rule  is,  however,  subject 
to  local  variations. 

The  movements  of  the  atmosphere  may  all  be  said  to  arise  from  differences  of 
temperature.  The  molecules  of  air  are  but  feebly  attracted  to  each  other,  and 
small  increases  of  temperature  or  slight  diminutions  of  pressure  separate  the 
particles  from  one  another,  and  thus  one  cubic  foot  of  expanded  air  weighs  less 
than  a  cubic  foot  of  normal  air.  Similarly,  small  decreases  of  temperature  bring 
the  particles  nearly  together,  and  make  tne  cubic  foot  of  cold  air  heavier  than  the 
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Standard  above  mentioned.  This  expansion  and  contraction  are  equal  for  equal 
increments  or  decrements  of  temperature.  This  increase  of  volume  amounts  to 
0  375  or  about  tWexghths  of  the  original  bulk,  in  the  process  of  being  heated 
from  the  freezing  to  the  boiling  point  of  water ;  or  a  little  more  than  L  every 
degree  of  Fahr.  If  we  wish  to  ascertain  the  volume  which  100  cubic  inches 
of  air  at  40°  would  occupy  at  80°,  we  must  remember  that  it  does  not  expand 
of  Its  bulk  at  40°  for  each  degree,  but  of  its  bulk  at  32°.  Now,  491  parts^ 
air  at  32°  become  492  at  33°,  493  at  34°,  and  so  on;  hence,  we  can  institute  a 
proportion  between  the  volume  at  40°  and  that  at  80°.    For  instance : 

Vol.  at 40?.  Vol.  at80»         Cub.  In.    Cub.  In. 

491  +  8    :    491  +  48    :  :    100    :  108. 

The  expanded  or  Hghter  air  moves  up,  and  its  place  is  filled  by  cooler,  and 
therefore  heavier,  air,  which  takes  its  place.  Hence,  the  upward  movement  of  air 
depends  upon  its  expansion  by  heat,  because  changes  of  density  in  the  atmosphere 
produce  an  immediate  motion  of  the  heavier  portions  intheii-  relation  to  the  li-hter 

Although  other  forces  may  have  a  limited  influence,  alterations  of  temperature 
are  the  great  and  eflicient  causes  of  the  disturbance  of  equiHbrium  of  the  atmo- 
sphere ;  the  solar  heat  warms  the  earth,  which,  in  its  turn,  communicates  heat 
to  the  air,  and  an  upward  current  is  immediately  established.  The  alternation 
of  day  and  night,  and  the  revolution  of  the  seasons,  cause  winds  of  a  greater  or  less 
duration  and  extent.  The  ocean  and  the  large  inland  seas  or  lakes  are  great  and 
constant  causes  of  motion  in  the  atmosphere.  During  the  day,  the  surface  of  the 
land  becoming  heated  warms  by  its  contact  the  air  above  it;  the  air,  having  thus 
become  specifically  lighter,  is  pressed  upward  by  the  colder  and  heavier  air  from 
the  sea,  which  rushes  in  to  restore  the  equiHbrium.  During  the  night,  the  earth, 
parting  with  its  heat,  becomes  cool,  and  the  sea  being  now  the  warmer  surface,  an 
upward  current  is  formed  over  that,  and  an  equalising  current  from  the  land 
arises. 

In  houses,  the  difierence  of  temperature  between  the  air  of  the  house  and  that 
outside  causes  continual  movement  of  the  air. 

"When,  as  in  winter,  the  air  in  a  room  or  chimney  is  warmer  than  the  outside 
air,  an  upward  current  takes  place  in  the  chimney.  When,  in  summer,  a  chimney  is 
colder  than  the  outside  air,  a  downward  current  takes  place. 
A  These  movements  all  follow  defined  laws,  which  it  will  be  convenient  to 

explain  in  this  place.    If  we  have  a  tube,  A  b  (Fig.  200),  open  at  both  ends, 
the  point  A  will  sustain  the  pressure  of  the  superincumbent  atmosphere, 
while  the  base,  b,  will  sustain  this  pressure  with  the  addition  of  that  con- 
tained in  the  tube.    As  fluids  press  ia  all  directions,  the  pressure  upwards, 
under  the  base  b,  will  also  be  the  whole  pressure  of  a  column  of  the 
atmosphere  above  the  level  of  b,  upon  the  outside  of  the  tube  a  b  ;  con- 
sequently, if  the  air  in  A  b  be  hotter  and  lighter  than  an  equal  column  of 
external  air,  the  presstire  on  B  will  be  greater  from  below  upwards  than 
«     from  above  downwards,  and  the  air  at  b  will  begin  to  ascend. 
Kg.  200.      In  the  syphon  abode  (Fig.  201),  let  us  suppose  the  leg  ab  filled  with 
a  fluid  equal  in  weight  to  the  cold  air,  and  the  leg  c  E  with  a  fluid  equal 
in  weight  to  the  warm  aii-  j  it  is  evident  that  if  the  fluid  representing  warm  air  ia 
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lighter  than  the  other,  we  must  increase  the  length  o£  the  column,  if  we 
would  have  it  balance  the  first ;  let  this  additional  column  be  represented  by  D  e. 
Now,  if  the  end  of  the  tube,  A,  be  covered  tightly  with  the  finger,  and  the  column 
V  E  removed,  on  lifting  the  finger,  the  fluid  will  spout  from  d  with  a  velocity  equal 
to  that  which  a  heavy  body  would  have  acquired  in  falling  ^ 
from  E  to  D.     This  velocity,  uninfluenced  by  friction  or  any  /i 
other  resistance,  is  eight  times  the  square  root  of  the  height 
ED,  nearly. 

To  ascertain  the  height  E  D,  we  measure  with  a  thermo-  ^  _  ^ 

meter  the  temperature  of  the  atmosphere  and  of  the  heated 
air  of  the  chimney,  and  multiply  the  height  of  the  chimney 
in  feet  by  the  product  of  the  difierence  in  degrees  between 
these  two  temperatures  and  the  expansion  for  1° ;  the  result 

is  the  height  of  the  additional  column  required  to  balance  the       [  | 

column  A  B.  ^ '  '  * 

For  example,  let  the  chimney  be  20  feet  high,  with  the  j.^^  20i. 

external  air  at  40°,  and  the  temperature  of  the  heated  air 
100°.  Then  100°  -40°  =  60°;  60°  multiplied  by  0-002036  (which  is  the  expansion 
for  1°)  =  0-1222,  the  expansion  for  60°;  20,  the  height  of  the  chimney,  multi- 
plied by  0-1222  =  2-44  feet,  the  additional  height  of  warm  air  required  to  balance 
the  cold  air.  Eight  times  the  square  root  of  this  height,  or  12-49  feet,  is  the 
velocity  per  second  of  the  air  ascending  the  chimney. 

The  rate  of  expansion  is,  however,  not  precisely  what  we  have  here  given, 
because  491  parts  of  air  at  30°  have  become  499  parts  at  40°,  and  559  parts 
at  100° ;  hence,  we  have  a  proportion  between  the  parts  at  40°  and  100°  by  which 
we  deduce  the  true  expansion. 

Vol.  at  40".        VoL  at  100".      Height  of  Column.      Expanded  Column. 
491  +  8    :    491  +  68      :  :      20  :  22-405. 

The  difierence  between  the  expansion  by  the  fii'st  and  second  method  is,  in  this 
example,  but  0-039  of  a  foot,  or  about  "08  of  a  foot  in  the  velocity  per  second — 
a  quantity  quite  inappreciable  in  practice. 

In  the  preceding  calculation  we  have  supposed  that  the  only  change  which  has 
taken  place  in  the  air  of  the  chimney  is  expansion.  This  is  not  quite  accurate 
where  the  chimney  is  carrying  away  the  products  of  combustion.  Other  changes 
have  taken  place  :  the  oxygen  has  been  converted  into  carbonic  acid,  which 
is  more  dense  than  atmospheric  air,  and  will  consequently  diminish  the  velocity  of 
the  ascending  column.  To  arrive  at  more  exact  results,  we  must  multiply  the 
quantities  of  nitrogen  and  carbonic  acid  in  100  parts  by  theii-  respective  densities, 
add  their  products  together,  divide  their  sum  by  100,  and  divide  the  above  result 
by  their  quotient.  But  as  the  quantity  of  air  converted  into  carbonic  acid  varies 
greatly  with  the  management  of  the  fire  and  other  circumstances,  and  when  one- 
half  of  the  air,  as  usually  happens,  is  consumed,  the  quantity  by  which  the  above 
result  is  to  be  divided  is  so  very  small  that  it  may  safely  be  neglected. 

The  movements  of  air  which  we  have  described  are  those  which  would  be  due 
to  warm  air  uninfluenced  by  friction ;  but  the  results  of  calculations  in  which  this 
is  neglected  difier  widely  from  facts  observed  in  practice.    The  resistance  from 
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friction  has  been  ascertained  to  be  proportional  to  the  length  of  the  channel 
to  increase  as  the  square  of  the  velocity  of  the  current,  and  to  be  in  the  inverse 
ratio  of  the  perimeter  of  the  channel.  To  obtain  a  correction  for  friction,  then,  we 
must  have  regard  to  the  height  of  the  flue  or  chimney,  its  diameter,  and  the 
velocity  of  the  current ;  to  these  we  must  add  a  fourth  cause  of  variation,  depending 
upon  the  nature  of  the  materials  of  which  the  flue  is  composed  :  for  evidently  a 
smooth  surface  would  not  ofier  so  great  a  resistance  as  rough  bricks  or  stones. 

The  formula  according  to  which  these  corrections  are  made  is  somewhat  com- 
plicated, but  it  is  easy  to  see,  from  the  above  facts,  that  flues  should  be  made  large 
and  with  smooth  sides.  Moreover,  as  the  same  laws  govern  the  movement  of  cold 
as  of  warm  air,  the  air-trunks,  whether  for  bringing  cold  air  to  the  heating- 
apparatus  or  difiusing  heated  air  in  the  apartments,  should  be  as  large,  and  the  air 
move  as  slowly,  as  is  consistent  with  the  economy  of  heat. 

Variations  in  the  diameter  of  the  flues  must  necessarily  produce  a  change  in  the 
velocity  of  the  air  at  the  points  at  which  the  variations  occur. 

Thus,  contractions  in  the  flues  are  attended  with  an  increased  velocity,  which 
augments  with  the  diminution  of  the  flue,  so  that  it  may  be  four  or  five  times  that 
due  to  the  column  of  warm  aii-.    From  the  laws  of  the  movement  of  fluids,  it  is  a 
well-ascertained  fact  that  all  sudden  changes  are  attended  with  a  serious  loss  of 
velocity,  which  does  not  occur  if  the  change  takes  place  gradually.  If 
the  change  is  gradual,  the  loss  is  dependent  upon  friction  alone.  When- 
ever, therefore,  we  wish  to  contract  the  flues,  it  should  not  be  done 
suddenly,  but  they  should  be  sloped  ofi"  gradually.   If  a  flue  be  enlarged 
suddenly,  as  shown  in  Fig.  202,  the  result  would  be  the  formation  of 
eddies,  which  would  delay  the  flow  of  the  air. 

In  connecting  flues  with  a  vertical  shaft,  it  should  be  borne  in 
mind  that  at  the  bottom  the  pressure  of  the  atmosphere  inwards  is 
greater  than  the  outward  pressure  of  the  gases  contained  in  the 
chimney,  that  at  the  top  the  pressure  may  be  from  within  outwards, 
while  at  some  points  between  the  two  the  pressure  may  be  precisely 
rig.  202.  in  equilibrium.  Consequently,  independently  of  the  advantage  attend- 
ing a  longer  column  of  warm  air  above,  all  subsidiary  flues  should  enter 
as  near  as  possible  the  base  of  the  vertical  shaft.  Two  currents  entering  at  right 
angles  may,  if  of  equal  velocity,  destroy  each  other,  or  if  of  unequal  velocity,  the 
greater  destroy  the  less.  This  should  be  prevented  by  giving  all  flues  a  vertical 
dii-ection  as  they  enter  the  vertical  shaft.  It  is  for  these  reasons  that  we  so 
frequently  find  chimneys  smoke  when  one  flue  is  carried  into  an  adjacent  one. 

If,  for  any  reason,  we  wish  to  introduce  a  flue  at  a  point  where  the  inward 
pressure  is  slight,  it  can  be  done  by  contracting  the  vertical  shaft  suddenly  just 
below  the  point  of  introduction,  and  by  this  means  an  inward  pressure  will  be 
obtained.  If,  on  the  other  hand,  we  wish  to  take  air  from  a  perpendicular  hot-air 
trunk,  we  can  do  so  most  efiectually  by  suddenly  contracting  the  main  trunk  just 
above  the  opening. 

Although  the  draught  of  a  shaft  increases  in  a  certain  proportion  to  the  hea^ 
still,  it  appears  from  calculation  that  this  occurs  only  Avithin  certain  limits,  beyond 
which  there  is  not  only  no  increase  in  the  draught,  but  a  decided  diminution. 

The  draught  at  first  increases  very  rapidly  with  the  temperature,  but  gradually 
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diminishing,  it  becomes  constant  between  480°  and  570°,  beyond  which  it  diminishes, 
and  at  1,800°  it  is  less  than  at  212°.  The  reason  of  this  is  found  in  the  great 
expansion  of  air  at  a  high  temperature,  by  which  its  volume  is  so  much  increased 
that,  although  the  velocity  may  be  very  great,  the  quantity,  when  reduced  to  the 
temperature  of  the  atmosphere,  is  less  than  at  a  low  temperature. 

The  main  point  in  the  construction  of  a  ventilating-shaft  is  to  detei-mine  the 
dimensions  required  to  withdraw  a  given  amount  of  air.  The  velocity  of  the  air 
escaping  wUl  depend  upon  the  temperature,  upon  the  height,  and  the  diameter  of  the 
chimney. 

In  all  arrangements  of  this  nature  we  must  be  governed,  in  a  great  measure,  by 
the  expense ;  increase  of  diameter  is  the  least  expensive,  then  follows  height,  and 
a  constant  increase  of  temperature  is  the  most  expensive ;  besides  which,  we  see 
from  the  above  observations  that  this  last  can  be  carried  to  a  certain  extent  only? 
wHle  the  two  former  have  much  greater  limits. 

Independently  of  the  movements  between  the  particles  of  air  or  of  gases,  aeriform 
bodies  possess  the  property  of  diffusing  themselves  through  each  other's  masses  to 
an  unlimited  extent. 

Hydrogen  exhibits  in  a  remarkable  degree  the  power  of  diffusion  :  i.e.,  a  power 
due  to  the  constant  motion  and  mutual  repulsion  of  gas-particles.  If  a  bottle  of 
hydrogen  be  connected  vertically  by  a  narrow  glass  tube  with  a  bottle  of  oxygen, 
the  oxygen  (the  heavier  gas)  being  below,  the  hydrogen,  against  the  action  of 
gravity,  will  descend,  and  the  oxygen  will  ascend,  and  a  complete  mixture  of  the 
gases  in.  the  two  bottles  will  result.  Similarly,  if  a  vessel  be  divided  into  two 
parts  by  a  porous  diaphragm,  one  half  being  filled  with  one  gas  and  the  other  half 
with  another  gas,  diffusion  will  take  place,  until  the  admixture  of  the  gases  is 
complete.  But  the  rate  of  diffusion  is  not  alike.  Graham's  law  is  expressed 
thus  : — "  The  diffusibility  of  two  gases  varies  inversely  as  the  square  roots  of  their 
densities."  Thus,  the  density  of  hydrogen  is  1,  and  of  oxygen  it  is  16,  therefore 
the  diffusibility  of  these  two  gases  is  as  4  to  1 ;  in  other  words,  the  diffusion  of 
four  cubic  inches  of  hydrogen  will  occupy  the  same  time  as  the  diffusion  of  one 
cubic  inch  of  oxygen. 

We  can  hardly  estimate  the  importance  of  this  law.  Animals  and  vegetables,  as 
we  have  already  shown,  are  constantly  pouring  out  certain  gases,  essential  to  the 
life  and  growth  of  the  other;  and  yet,  if  these  gases  were  allowed  to  stagnate 
where  they  are  formed,  they  would  not  only  injure,  but  destroy  both  the  animal 
and  the  vegetable  kingdom.  But  by  this  law  of  diffusion  these  poisons  are  diffused 
throughout  space,  and  vital  air  rushes  in  to  supply  their  place  ;  and  on  account  of 
this  law,  it  is  only  by  the  most  delicate  analysis,  and  for  a  short  time,  that  any 
differences  in  the  constitution  of  the  atmosphere  can  be  detected. 

Hence,  the  atmosphere  performs  the  office  of  a  universal  solvent  to  the  various 
effluvia  which  are  constantly  emanating  from  the  surface  of  the  earth,  and  from  the 
substances  and  beings  by  which  it  is  covered. 

Moreover,  as  already  mentioned,  the  atmospheric  currents  continually  dis- 
perse the  various  impurities  thrown  into  the  air.  The  atmosphere  is  never  stag- 
nant. The  air  at  the  equator  and  between  the  tropics,  expanded  by  heat,  and 
urged  by  the  colder  atmosphere  pressing  from  the  poles  towards  the  same  points, 
rises,  and  diffuses  itself  through  the  upper  air,  and  effectually  prevents  all  stagnation. 
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«ho,  .  .  "^r'"^'^'       '^'^        ^«  in  the  Eegistrar  General's  reports  to  be 

about  twelve  miles  an  hour,  on  an  average,  or  rather  more  than  seventeen  feet  per 
second.    It  wm  rarely  be  much  below  six  feet  per  second  ^ 

JHTi  ^  ^'T'  ^^"""l  ^"'^  ^^'^     ^  me^^uring  about 

6  feet  by  1  J,  or  9  square  feet ;  multiplying  this  by  the  velocity  of  movement  of  t^ 
axr  at  6  feet  a  second,  it  will  appear  that  in  one  second  54  cubic  feet,  in  one  minute 
3  240  cubic  feet,  m  one  hour  196,400  cubic  feet  of  air  would  flow  over  one  person  i^ 
the  open  country.  ^ 

If  it  were  desired  to  supply  in  a  room  a  volume  of  fresh  air  comparable  with 
that  supplied  out  of  doors,  it  would  be  necessary  to  change  the  air  of  the  room 
from  twice  to  six  times  in  every  minute,  but  this  would  be  a  practical  impossibility  • 
and  even  if  it  were  possible,  it  would  entaU  conditions  very  disagreeable  to  the 
occupants.  It  is  thus  evident  that  when  considering  the  condition  of  air  indoors  it 
is  necessary  to  seek  a  standard  of  admissible  impurity  in  the  air  rather  than  a 
standard  of  purity  of  air  comparable  with  that  which  exists  out  of  doors. 

In  judging  of  the  amount  of  impurity  which  may  be  allowed  in  an  inliabited 
air-space,  the  sense  of  smell,  when  carefully  educated,  affords  the  best  indication  of 
the  relative  purity  and  impurity  of  different  kinds  of  air.  The  accompanying  table, 
obtained  from  results  of  experiments  communicated  by  Dr.  de  Chaumont  to  the 
Eoyal  Society,  shows  the  conclusions  at  which  he  arrived  from  a  very  large  number 
of  observations  on  the  air  of  barracks  and  hospitals.  The  method  employed  in 
judging  of  the  quaHty  of  the  air  was  to  enter  directly  from  the  open  air  into  the 
room  in  which  the  air  was  to  be  judged,  after  having  been  at  least  fifteen  minutes 
in  the  open  air.  It  will  be  seen  how  closely  the  state  of  the  room,  as  detected  by 
the  sense  of  smell,  agrees  with  that  which  would  be  expected  from  the  carbonic 
acid,  as  shown  by  analysis. 


Sense  of  Smell. 


Fresh  .... 

A  little  smell  . 

Close,  or  disagi-eeable  smell 

Very  close,  or  offensive ) 
and  oppressive  smell  .  ) 

Extremely  close,  when  ] 
the  sense  of  smell  can  I 
no  longer  differentiate.  J 


Temperature. 

Vapour. 

Carbonic  acid,  per  1,000 
volumes. 

In  air-space. 

Excess  over 
outer  air. 

In  air-space. 

Excess  over 
outer  air. 

In  room. 

Excess  over 
outer  air. 

62 -85 
62-85 
64-67 

5-38 
8-00 
12-91 

4-629 
4-823 
4-909 

0-344 

0-  687 

1-  072 

0-5999 

0-  8004 

1-  0027 

0-1830 
0-3894 
0-6322 

65-15 

13-87 

5-078 

1-409 

1-2335 

0-8432 

65-05 

13-19 

5-194 

1-319 

1-2818 

0-8817 

In  these  experiments,  Dr.  de  Chaumont  takes  -0002  of  carbonic  acid  per  cubic 
foot  as  the  standard  of  impurity,  in  addition  to  "0004  carbonic  acid  per  cubic  foot 
as  the  normal  amount  of  CO^  in  the  outer  air. 

The  experiments  were  made  in  barracks  and  in  hospitals,  and  a  result  comes 
out  from  them  confirmatory  of  the  opinion  that  in  the  case  of  sick  men  more  air 
is  required  to  keep  the  air-space  pure  to  the  senses  than  is  necessary  in  the  case  of 
men  in  health.  Thus,  in  barracks  the  mean  amount  of  excess  of  carbonic  acid, 
when  the  air  was  pure  to  the  senses,  was  '196  per  1,000  volumes,  but  in  hospitals 
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it  was  only  -157  ;  or,  in  other  words,  whilst  in  the  hospitals  the  axr  would  have 
Idt  so^lhat  impure  when  the  CO,  was  -157,  in  the  barracks  wzth  that  anxount 
t  was  fresh.    This  is,  no  doubt,  caused  by  the  fact  that  the  emanations  from  the 
lunTs  id  skinof  sici  persons  are  more  loaded  with  offensive  matter  than  those 

'^inlS'jrds  it  would  therefore  appear  that  whilst  the  standard  for 
impurity  for  healthy  persons  may  be  regulated  by  allowing  an  excess  of  -000 J  per 
cubic  foot  of  CO,  over  that  in  the  outer  air,  it  would  be  desirable  to  limit  the 
excess  in  the  case  of  sick  to  -00015  per  cubic  foot.  _       .    ,  •  i. 

In  addition  to  the  proportion  of  carbonic  acid,  and  of  the  impurities  of  which 
its  presence  aflfords  a  rough  test,  there  are  conditions  of  temperature  and  humidity 
necessary  for  good  ventilation. 

Atmospheric  air  always  contains  more  or  less  aqueous  vapour,  either  m  an 
invisible  state  or  in  the  form  of  clouds,  fogs,  and  mist.  The  form  of  vapour  most 
commonly  known  is  that  of  steam,  which  is  vapour  at  the  temperature  of  212°, 
having  an  elasticity  equal  to  that  of  the  atmosphere,  or  thirty  inches  of  mercury; 
this,  however,  is  not  the  form  mth  which  we  are  now  most  interested.  Yapour 
exists  in  the  atmosphere  at  all  temperatures,  even  below  the  freezing-point  of  water. 
Its  elasticity  at  32°  is  equal  to  supporting  only  ^  of  an  iach  of  mercury.  When 
the  temperature  of  air  cannot  be  diminished  without  depositing  water  upon  the 
walls  of  the  containing-vessel,  or  appearing  as  a  mist,  it  is  said  to  be  saturated. 
If  the  temperature  of  saturated  air  be  raised,  it  wHl,  to  the  feelings,  become  di'ier, 
and  will  immediately  begia  to  take  up  water  which  is  exposed  to  it.  Air  is  dry  or 
moist  not  in  proportion  to  the  water  it  contains,  but  in  proportion  as  it  is  more  or 
less  removed  from  the  point  of  saturation. 

The  poiat  of  saturation  rises  more  rapidly  than  the  temperature.  A  quantity 
of  air  absolutely  humid  at  32°  Fahr.  holds  in  solution  an  amount  of  vapour  equal 
to  ^  part  of  its  weight;  at  59°,  ^;  at  86°,  at  113°,  J^;  and  at  140°,  ^. 
Consequently,  whUe  the  temperature  advances  in  arithmetical  progression,  the 
power  of  the  air  to  retaia  vapour  rises  with  the  accelerating  rapidity  of  a 
geometrical  series  having  a  ratio  of  two. 

The  influence  of  this  law  is  evident  in  the  production  of  rain  and  clouds.  When 
masses  of  air  of  diflerent  temperatures,  each  containing  its  full  amount  of  aqueous 
vapour,  mix,  the  result  must  be  a  deposition  of  moisture  in  one  or  the  other  of  the 
two  forms  just  mentioned.  Suppose,  for  instance,  the  two  masses  of  air  be  at 
55°  and  75°,  the  resulting  temperature  will  be  an  arithmetical  mean,  or  65° ;  the 
force  of  vapour  at  55°  is  04327 ;  at  75°,  0-8581 ;  and  that  at  65°,  0-6146 ;  the 
mean  force  is  not  0-6146,  but  0-6459,  which  corresponds  to  a  temperature  higher 
than  65°  :  consequently,  a  deposition  of  moisture  must  take  place  upon  any  cold 
surface  the  air  meets  with. 

It  is  from  this  cause  that  steam  appears  as  a  cloud  when  escaping  from  the 
safety-valve  of  a  steam-engine  or  the  spout  of  a  tea-kettle.  The  pressure  of  steam  at 
212°  is  greater  than  that  which  belongs  to  steam  at  the  temperature  of  the  air: 
consequently,  the  excess  of  vapour  is  deposited  upon  the  bolder  particles  of  floating 
matter  in  the  air. 

After  continued  cold  weather,  when  our  houses  have  been  throughout  reduced 
in  temperature,  and  a  warm  moist  wind  succeeds,  we  perceive  that  moisture  collects 
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upon  the  walls  and  fumxture,  or  any  other  cold  object;  the  cause  of  this  deposit  is 
to  be  found  m  the  fact  that  the  air  in  immediate  contact  with  these  o^e2  I 
owed  xn  Its  temperature,  and,  being  already  nearly  saturated,  all  the  tapL^ 
above  that  due  to  thxs  lower  temperature  immediately  appears  in  the  form  of 
mxnute  drops.  A  glass  tumbler  filled  with  cold  water,  in  summer,  is  soon  bedewed 
with  moisture,  because  the  air  around  it  is  cooled,  and  its  moisture  precipitated 
upon  It ;  the  same  occurs  m  winter  if  the  tumbler  were  brought  into  a  close  room 
m  which  ma^y  persons  were  assembled,  and  the  air  loaded  with  the  accumulated 
vapour  exhaled  from  heir  lungs  and  skins.  From  the  same  cause,  the  cold 
windows  of  a  crowded  lecture-room,  in  winter,  not  provided  with  efficiLt  ventila- 
tion, are  constantly  covered  with  minute  drops  of  water,  which  soon  collect  together 
and  run  down  the  glass  in  streams.  ®  ' 

The  highest  point  of  the  thermometer  at  which  vapour  begins  to  be  deposited 
by  the  air  is  called  the  dew-pomt ;  it  is  the  point  at  which  dew  begins  to  form. 

The  humidity  of  the  air  is  practically  measured  by  the  difference  between  the 
dry  bulb  and  wet  bulb  thermometer. 

In  connection  with  this  question,  it  is  interesting  to  consider  the  relation  which 
humTd^ty  ^^"^  temperatures  with  varied  proportions  of 

The  natural  heat  of  the  body  is  being  constantly  supplied  from  the  food  and  air 
we  consume,  and  depends  upon  a  constant  loss  of  heat  from  the  person,  which  has 
been  calculated  at  from  ^  to  nearly  6  units  of  heat  per  minute,  the  unit  of  heat 
being  equal  to  one  pound  of  water  heated  1°  Fahr. 

The  internal  warmth  of  the  body  is  98°  Fahr.,  and  the  feeling  of  comfort  which 
IS  experienced  under  certain  conditions  of  the  atmosphere  proceeds  from  the 
way  in  which  the  temperature  and  humidity  regulate  the  cooling  of  the  body. 
This  cooling  should  occur  with  constancy  and  regularity,  but  not  so  fast  as  to  pro- 
duce cold.    The  heat  generated  in  the  body  is  lost  partly  in  the  air  expeUed  by  the 
breath,  partly  by  evaporation  of  moistui-e  from  the  skin,  partly  by  conduction,  and 
partly  by  radiation.    The  breath  is  inhaled  at  the  temperature  and  humidity  of  the 
locality,  but  it  is  exhaled  always  at  90°,  and  is  saturated  with  moisture  at  that 
temperature.    It  has  been  estimated  that  if  the  temperature  of  the  external  air 
were  62°  and  the  dew-point  54°,  there  would  be  from  about  one-thii-d  to  a  half  of 
one  unit  of  heat  in  evaporating  the  moisture  given  out  by  the  lungs  and  throat, 
and  from  one-tenth  to  one-sixth  of  one  unit  of  heat  in  imparting  heat  to  the  exhaled 
air.    Probably  the  amount  lost  by  evaporation  through  the  skin  would  bring  up 
the  loss  from  these  causes  to  half  the  heat  generated,  leaving  the  other  half  to  be 
dispersed  in  work,  life,  conduction  to  air,  or  radiation  to  other  bodies.    A  moist 
atmosphere  will  check  the  insensible  perspiration,  but  it  will  assist  the  loss  of 
heat  by  conduction.    A  saturated  atmosphere  at  from  35°  to  50°  Fahr.  will  be 
found  to  be  intolerably  chilly ;  and  although  the  evaporation  may  be  checked  and 
this  source  of  loss  of  heat  removed,  yet  the  conduction  and  radiation  due  to 
the  vapour  in  the  air  will  be  enormously  increased.    A  Scotch  mist  of  36°  Fahi-. 
(which  is  only  super-saturated  with  vapour  in  excess  at  a  slightly  higher  tempei-ature 
than  the  air)  penetrates  clotliing,  and  reaches  every  part  of  the  person  with  penetrat- 
ing cold. 

A  temperature  of  50°  to  65°  in  a  nearly  saturated  atmosphere  seems  to  provide 
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equilibrium  between  the  cooling  action  by  conduction  and  radiation,  due  to  the 
vapour  in  the  air  and  the  supply  of  heat  from  the  checked  evaporation  from  the 
skin  so  that  such  an  atmosphere  is  not  uncomfortable,  and  is  favourable  to  mentai 
and  physical  exercise.  It  is  said  that  this  condition  of  atmosphere  aUows  of  the 
use  of  alcohoHc  stimulants,  such  as  wine  and  beer,  which  would  be  immoderate  ui 
drier  climates. 

A  temperature  of  from  65°  to  80"  Fahr.,  with  a  saturated  atmosphere,  becomes 
sultry  and  oppressive.  The  surplus  heat  cannot  be  removed  by  conduction 
or  radiation,  and  the  natural  effort  of  the  system  is  to  produce  evaporation.  The 
least  physical  effort  induces  perspiration.  The  lassitude  and  enervation  produced 
is  unfavourable  to  mental  and  physical  labour. 

Above  80°  Fahr.  a  saturated  air  becomes  most  oppressive,  and  it  is  questionable 
whether  life  could  be  prolonged  in  a  saturated  atmosphere  of  90°  or  100°. 

All  air  may  be  considered  dry  at  35°  Fahr.  :  that  is  to  say,  its  capacity  for 
moisture  at  that  point  is  low. 

Ail-  which  is  used  for  ventilating  purposes,  and  which  is  warmed  in  the  process, 
has  its  capacity  for  moisture  increased  by  the  act  of  warming  ;  and  thus,  in  a  cold 
damp  atmosphere  the  air  used  for  ventilation  becomes  comparatively  dry  when 
introduced  into  the  room.  On  the  other  hand,  in  a  dry  cold  atmosphere  the  air 
for  ventilation,  if  warmed,  may  become  too  dry,  and  means  should  be  adopted  for 
adding  moisture  to  it. 

Similarly  in  hot  weather,  when  air  is  required  to  be  cooled,  the  moisture  will 
be  deposited  by  the  cooling  process,  and  means  must  be  provided  for  again  supply- 
i!ng  it  to  the  air  in  the  room,  in  case  it  is  found  too  dry  as  it  is  warmed. 

Thus  the  rules  which  guide  us  in  ventilation  and  warming  in  a  climate  like  that 
of  England  are  different  from  those  which  should  be  our  guide  in  the  United  States 
or  on  the  continent  of  Europe,  where  a  much  drier  climate  prevails ;  and  the  pre- 
cautions for  supplying  the  warmed  air  with  moisture  which  are  required  in  such 
climates  are  generally  found  unnecessary  here. 

In  a  ventilated  room,  the  dry  bulb  thermometer  in  this  climate  ought  to  read 
63°  Fahr.  to  66°  Fahr.,  and  ought  not,  if  possible,  to  fall  much  below  60°  Fahr. 
The  wet  bulb  ought  to  read  58°  Fahr.  to  61°  Fahr.  That  is  to  say,  in  this  country 
the  difference  between  the  two  thermometers  ought  not  to  be  less  than  4°  Fahr.  or 
more  than  8°  Fahr.  A  greater  degree  of  dryness  in  the  air,  provided  the  supply 
of  air  be  ample,  is  not,  however,  found  objectionable.  In  the  open  air,  in  healthy 
weather,  it  is  often  8°  or  9°,  or  more. 

Vapour  ought  not  to  exceed  4 -7  grains  per  cubic  foot  at  a  temperature  of  63°, 
or  5-0  grains  at  a  temperature  of  65°  Fahr.  :  that  is  to  say,  the  degree  of  humidity- 
should  not  exceed  75  per  cent. 
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CHAPTER  L. 

Volume  of  Air  required  for  yentilation-Coufined  Spaces -Conditious  affecting  Change  of  Air 
Kooms-Draughts-Diffusionof  Impurities  in  Air  of  Eoom-Floor-space-Cubic  Space-Depend- 
ence of  Ventdation  on  Temperature-Velocity  and  Temperature  of  Inflowing  Air-Anemometers. 

Iw  considering  the  question  of  the  volume  of  air  which  should  be  provided  in  a 
room  to  maintain  a  healthy  atmosphere,  it  is  interesting  to  show  what  are  the  re- 
quirements to  which  theory  alone  would  bring  us,  and  then  to  explain  how  that 
theory  is  affected  in  practice. 

The  sources  of  vapour  inside  the  room  are  material  elements  to  be  considered. 
Every  man  gives  off  from  lungs  and  skia  each  hour  enough  to  raise  the  humidity 
from  70  per  cent,  to  complete  saturation  in  500  cubic  feet  at  60°  Fahr.,  and  to  raise 
it  to  82  per  cent,  in  1,500  cubic  feet.  Now,  to  reduce  this  amount  to  75  per  cent, 
would  take  3,000  cubic  feet  of  air  saturated  at  50°  Fahr.,  or  2,000  at  98  per  cent. 
But  the  vapour  given  off  by  the  body  is  not  the  only  source  of  humidity.  Humidity 
may  arise  from  the  vapour  of  liquids  used  in  the  room,  or  from  the  combustion  of 
lights. 

As  regards  the  effect  of  the  combustion  of  light  on  ventilation,  much  stress  has 
been  laid  upon  the  greater  oppressiveness  caused  by  gas  as  compared  with  wax 
candles.  From  experiments  made  some  years  ago,  comparing  pure  wax  candles  with 
ordiuary  13-candle  gas,  it  appeared  that  in  100  pai-ts  by  weight  of  wax  there  were 
carbon  78-2,  hydrogen  12-1,  oxygen  9-7 ;  whilst  the  analysis  of  gas  showed  that  it 
contained  carbon  72- 1,  hydrogen  26*4,  oxygen  1"5,  and  that  1,064  grains  of  gas  (or 
5  cubic  feet)  gave  as  much  light  as  1,885  grains  of  wax  ;  consequently  the  wax 
must  have  generated  very  nearly  double  the  quantity  of  carbonic  acid  in  producing 
the  same  amount  of  light.  As  a  further  experiment,  the  flames  of  several  com- 
bustible bodies  were  burned  in  given  quantities  of  atmospheric  air,  and  the  times 
noted  at  which  the  flames  were  extinguished  by  the  contamination  of  the  air,  ydth 
the  following  results  : — 

Colza  oil 
Tallow 
Wax  candles. 
Spermaceti  candles 
13-candle  coal  gas 
28-candle  cannel  gas 


71  minutes. 
75  „ 
79  „ 
83  „ 
98 

152  „ 


These  numbers  indicate  that  the  atmosphere  of  a  confined  room,  lighted  by  cannel 
gas,  would  require  much  less  change  of  air  to  keep  it  pure,  than  a  room  lighted  to 
the  same  extent  with  tallow  candles.  But  the  reason  why  people  complain  of  the 
heat  of  gas  compared  with  candles,  is  because  they  are  satisfied  with  a  dim  light 
when  they  burn  candles,  but  with  gas  they  are  not  satisfied  without  a  great  deal  of 
light,  and  therefore,  in  practice,  the  use  of  gas  requires  exceptional  ventilation. 

According  to  theoretical  calculations,  it  Avould  appear  that,  with  an  initial 
air-space  of  1,000  cubic  feet,  occupied  by  one  individual,  it  would  be  necessary  to 
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«nnnlv  3  000  cubic  feet  per  hour  to  maintain  the  room  in  a  proper  condition  of 
hlSity  As  regar^^  other  impurities,  if  0-2  per  1,000  of  CO.  are  accepted  as 
Ttl  of  respiratory  impurity  in  a  well-ventilated  air-space,  xn  addition 
to  the  0-4  per  ifoOO  in  normal  air,  we  can  calculate  out  the  amount  of  air 
necessary  for  the  purpose;  and  from  this  calculation  it  appears  that  it  requires 
3,000  cubic  feet  per  hour  to  preserve  the  air-space  in  the  required  state  of 

^''^^miT  the  theoretical  calculations,  based  first  upon  humidity,  and  secondly  on 
carbonic  acid,  bring  us  to  similar  conclusions  in  each  case ;  but  m  a  warm  climate 
the  natural  changes  of  temperature  and  consequent  alterations  of  the  conditions  ot 
the  movement  of  air  differ  widely  from  those  in  temperate  and  cold  climates.  In 
such  cHmates  these  figures  may  be  applicable.  The  conditions  of  ventilation  differ 
vnth  each  cUmate.  Indeed  it  may  be  said  that  in  each  locality  there  are  differences 
which  affect,  to  some  extent,  the  conditions  of  ventilation,  arising  from  difference  of 
site  or  of  exposure;  again,  the  conditions  are  affected  by  the  arrangement,  the 
material,  and  the  mode  of  construction  of  buHdings.  It  may  be  assumed  that  some 
of  the  difficidties  which  have  arisen  in  solving  problems  of  ventHation  arise  from 
the  want  of  consideration  given  to  these  collateral  circumstances. 

From  a  careful  practical  examination  of  the  condition  of  barrack-rooms  and 
hospitals  in  this  country,  made  by  the  Barrack  and  Hospital  Commission  in 
1857-58-59,  in  which  the  degree  of  impurity  of  the  air  was  tested  mainly  by  the 
sense  of  smeU,  it  appeared  that  arrangements  which  appear  to  provide  for  a  volume 
of  air  much  less  in  amount  than  that  obtained  by  calculation  will  keep  the 
barrack-rooms  in  a  fair  condition.  These  results  have  pointed  to  about  1,200  cubic 
feet  of  air  per  hour  with  600  cubic  feet  of  space.  This  need  not  be  set  down  to 
errors  in  calculation  or  in  theory.  The  conditions  under  which  the  air  flows  in 
and  out  of  a  room  are  so  varied.  The  walls  and  ceiling  themselves  aUow  of 
a  considerable  passage  of  air,  and  especially  unplastered  walls,  such  as  are  in 
use  in  many  barrack-rooms.  It  is  difficult  to  find  a.  building  material  impervious 
to  air. 

The  following  table  shows  the  volume  in  cubic  feet  per  hour  of  air  which  passed 
through  a  square  yard  of  surface  of  equal  thickness  of  the  following  materials,  the 
pressure  being  obtained  by  a  difference  of  temperature  of  72°  Fahr.  inside  and  40" 
Fahr.  outside. 


Sandstone  . 
Quarried  Limestone 
Brick 

Limestone  . 
Mud 


4' 7  cubic  feet. 
6"5     „  „ 
7'9  .  J,  i> 
10-1     „  „ 
14-4     „  „ 


It  foUows  that  a  room  with  several  of  its  walls  exposed  to  the  outer  air  would 
probably  obtain  more  renewal  of  air  by  this  means  alone  than  a  room  with  only  one 
outside  wall. 

If  a  celling  be  observed,  it  wiU  often  be  found  that  an  old  ceiling  is  blackened 
where  the  plaster  has  nothing  over  it  to  check  the  passage  of  air,  and  that  where 
the  joists  come  and  the  air  has  not  passed  so  freely  it  is  less  black.  If  the  plaster 
be  broken  it  wiU  be  found  that  its  blackness  has  arisen  from  its  having  acted  like 
a  filter,  and  retained  the  smoky  particles  whUe  the  air  passed  through.  Moreover, 
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LSI"     '^'"^"^^^        ^  p~  -11  .a; 

«.^^.t'  P^'^^        ^^P<^^r  ^«Uects  on  the  wall. 

Thlr     ?^  f  ""i     f  '"'^  ^-"'^  loathsome  odour 

which  must  be  famihar  to  those  who  are  acquainted  with  such  localities 

.  In  the  absence  of  sufficient  ventilation,  when  the  walls  are  colder  than  the  air 
moisture  condenses  on  the  walls.  On  this  account,  rooms  with  walls  of  pol  sh  d 
nnpervxous  material,  filled  with  people,  in  wHch  the  walls  are  cold,  would  soon 
drip  down  with  wet  unless  a  .ery  large  amount  of  air  be  passed  through  them,  so  as 
to  take  up  the  deposited  moisture.  Such  rooms  would  require  a  larger  volume  of 
air  than  the  barrack-rooms  experimented  upon  to  keep  them  sweet 

_   ni-fitting  doors  and  windows  allow  of  the  passage  of  a  considerable  quantity  of 
air.    And  m  a  temperate  climate,  where  the  changes  of  temperature  of  the  outer 
air  are  rapid  and  considerable,  especially  at  night,  these  means  of  producing  the 
outflow  from  and  the  inflow  of  air  into  a  confined  space  are  in  constant  operation 
A.  sleepmg-room  is  very  warm  at  bed-time;  a  rapid  fall  of  temperature  outside 
occurs,  and  at  once  a  considerable  movement  of  air  takes  place. 

^  The  majority  of  occupiers  of  sleeping-rooms  in  England  close  their  windows  at 
night;  they  often  block  up  the  chimney  by  a  register  or  otherwise,  to  prevent  tlie 
"  blacks  "  falling.  They  have  no  special  inlet  or  outlet  for  changing  the  air.  In  the 
morning  they  would,  no  doubt,  come  under  Dr.  de  Chaumont's  definition  of  "  very 
close ; "  but  if  it  were  not  for  the  continual  insensible  change  of  air  which  passes 
through  the  walls,  doors,  and  window-chinks,  &c.,  the  occupants  would  be 
asphyxiated.  A  well-hioilt  house  unprovided  with  special  means  for  the  inflow  of 
fresh  air  is  a  real  source  of  danger. 

For  these  reasons  the  form  of  a  building  is  important,  especiaUy  where  rooms 
have  to  be  occupied  by  large  numbers  of  persons :  as,  for  instance,  hospitals,  work- 
houses, asylums,  barracks,  &c.  In  these  a  large  surface  of  outer  waU  is  advan- 
tageous, similar  to  that  afibrded  in  modern  hospitals  built  on  the  pavilion  principle 
The  reason  of  this  is  not  far  to  seek.  The  air  which  thus  insensibly  comes  in 
through  the  walls  should  be  taken  from  pure  sources.  Thus  asylums,  hospitals, 
and  barracks  with  outside  walls,  are  better  than  those  in  which  the  rooms  open  out 
of  a  corridor  or  on  each  side  of  a  corridor,  because  the  air  in  a  corridor  becomes, 
after  a  time,  saturated  with  impurities,  and  the  interchange  of  air  from  it  and  the 
adjacent  rooms  becomes  in  time  only  an  interchange  of  impure  air.  Tliis  is 
especially  noteworthy  in  hospitals,  where  fresh  air  is  of  such  great  importance,  on 
account  of  the  great  influence  which  the  condition  of  the  air  exercises  on  the  health 
of  the  patients.  In  private  houses  the  question  is  of  comparatively  small  import- 
ance, because  the  causes  of  impurity  in  the  building  are  generally  fewer  than  in 
buildings  occupied  by  large  numbers  of  persons. 

In  considering  the  question  of  ventilation,  it  is  generally  assumed  that  the 
impurities  thrown  out  by  breathing  difiuse  themselves  uniformly  through  the  air  of" 
a  room.    This  is  not  strictly  true.    But  upon  this  assumption,  the  degree  of  purity 
or  impurity  of  air  which  is  fixed  as  a  standard  ultimately  in  no  way  depends  on 
the  size  of  the  room,  but  solely  on  these  two  things  ; — 
(a)  The  rate  at  which  emanations  are  produced, 
{b)  The  rate  at  which  fresh  air  is  admitted. 
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The  advantage  of  large  space  arises  partly  from  the  fact  that  the  large  room  la 
longer  in  reaching  the  state  of  normal  impurity  than  the  smaU  room     For  instance 
the  foUowing  table  shows  the  time  required  to  bring  air  to  the  standard  of 
admissible  impurity-viz.,  0-2  per  1,000  of  C  0„  in  different-sized  rooms,  in  which 
aU  change  of  air  is  carefully  prevented. 

One  man  in  10,000  cubic  feet,  3  hours  20  minutes. 

„  5,000  „  1  hour  40 

1,000  „  20 

600  „  13 

-     „  200  „  4 

50  „  1 

30  „  36  seconds. 

There  is  also  the  consideration  that  the  inflow  and  outflow  of  air  necessary  to 
maintain  the  standard  of  impurity  is  less  perceptible  in  a  large  than  in  a  small 
room,  for  the  chief  difiiculty  of  ventilation  arises  from  the  draughts  it  causes. 
Every  one  is  professedly  anxious  for  ventilation,  but  no  one  likes  the  fresh  air  to 
be  admitted  where  it  will  impinge  on  them.  There  is,  moreover,  in  practice,  this 
advantage  in  the  larger  rooms  :  viz.,  that  the  larger  wall-surface  and  the  more 
numerous  windows  wiU  allow  of  a  larger  passage  of  air  through  them,  or  insensible 
ventilation ;  and  thus,  with  equal  facilities  for  ventilation,  large  rooms  will  have  an 
apparently  less  degree  of  impurity  than  smaU  rooms. 

Although  the  uniform  diffusion  of  carbonic  acid  is  very  rapid  in  the  air  of  a 
room,  the  organic  emanations  given  out  do  not  in  practice  diffuse  themselves  either 
rapidly  or  uniformly.  They  hang  about  in  corners  where  there  are  obstructions  to 
the  flow  of  air,  or  near  the  ceiling.  On  this  account  efiicient  ventilation  requires 
that  there  should  be  some  space  between  the  occupants  of  a  room. 

In  living-rooms,  however,  the  space  between  the  occupants  does  not  require  so 
much  consideration  as  in  bed-rooms,  because  a  certain  space  is  necessary  for  moving 
about  and  for  furniture ;  but  in  bed-rooms,  and  especially  in  nurseries  or  in  rooms 
of  that  nature,  occupied  by  more  than  one  person,  the  question  becomes  of  much 
greater  importance. 

For  purposes  of  ventilation,  the  height  must  bear  some  relation  to  the  size. 
Adequate  movement  in  the  currents  of  air  cannot  be  secured  in  a  room  unless  the 
height  be  proportioned  to  the  width  and  length.  Therefore,  in  proportion  as  the 
width  and  length  of  a  room  is  increased  so  must  the  height  be  increased.  In  small 
rooms  we  should  seek  always  to  have  a  height  of  at  least  ten  feet,  because,  as  will 
appear  presently,  it  would  be  difficult  to  change  the  air  without  inconvenience  to 
the  occupants  with  a  much  less  height.  In  a  very  large  room  it  might  be  necessary 
to  give  a  height  of  15  or  20  feet,  so  as  to  allow  the  currents  of  air  to  move 
freely.  If  the  cubic  contents  of  the  room  were  taken  as  the  measure  of  the  number 
to  be  accommodated,  the  floor-space  of  the  lofty  room,  20  feet  high,  would  be  twice 
as  crowded  in  proportion  to  a  given  area  as  the  floor-space  of  the  room  10  feet 
liigh.  This  would  not  be  advisable.  As,  therefore,  the  height  of  rooms  is 
very  variable,  it  foUows  that  it  is  rather  the  floor-space  which  must  be 
considered  in  allotting  accommodation  to  the  occupants  of  a  room  than  the  cubic 
space. 

In  considering  the  question  of  floor-space  in  its  aspect  as  connected  with 
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ventUation,  some  guide  is  afforded  by  the  rules  laid  down  for  barracks  and  work- 
houses, where  economy  had  to  be  considered. 

In  barracks  from  50  to  60,  and  under  special  circumstances,  where  the  form  of 
the  building  was  defective  or  the  surroundings  were  unhealthy,  80  feet  of  floor- 
space  per  occupant  of  the  room  are  allowed. 

In  workhouses  a  minimum  floor-space  of  25  feet  was  laid  down  as  admissible : 
that  is  to  say,  for  each  individual  occupying  the  room,  an  area  of  5  feet  by  5  feet  • 
but  this  was  guarded  by  the  proviso  that  very  great  care  was  to  be  bestowed  on 
the  ventilation.  It  would  be  better  in  nurseries  and  servants'  rooms  occupied  by 
more  than  one  person  to  approximate  to  the  standard  in  use  in  barracks ;  and  for 
dormitories  in  schools,  less  floor-space  than  from  50  to  60  square  feet  should 
certainly  not  be  afforded. 

In  school-rooms  which  are  occupied  only  in  the  daytime,  or  for  a  portion  of  the 
day,  a  smaller  cubic  space  is  sufficient.  The  reason  is  obvious:  because  the 
occupants  leave  the  room  empty  occasionally,  so  that  the  air  can  be  periodically 
renewed,  and  the  students  can  begin  each  lesson  with  a  reservoir  of  pure  air. 

Thus  the  proportion  of  floor-space  and  cubic  space  in  any  room  must  be 
regulated  to  a  certain  extent  with  reference  to  the  conditions  of  its  occupation,  as 
well  as  to  its  form  and  capacity  for  ventilation. 

The  quantity  of  fresh  air  which  it  has  been  considered  necessary  ia  this  climate 
to  supply  for  each  occupant  of  a  room  was  laid  down  by  the  Barrack  and  Hospital 
Improvement  Commission  at  1,200  cubic  feet  per  hour.  This  amount,  with  a  cubic 
space  per  occupant  of  600  cubic  feet,  allowed  of  the  air  of  a  room  being  changed 
twice  in  an  hour.  If  the  same  inflow  of  air  in  proportion  to  the  cubic  space  be 
supplied  in  hospitals,  it  would  afford  in  the  military  hospitals  nearly  2,500  cubic 
feet  per  occupant  per  hour,  and  in  civil  hospitals  nearly  3,100  cubic  feet  per  hour. 
Where  rooms  are  more  crowded,  and  the  cubic  space  per  individual  consequently 
less,  the  quantity  of  air  in  proportion  to  cubic  space  should  be  increased.  Thus,  ia 
a  school-room  where  frequently  not  more  than  200  cubic  feet  is  allowed  per  occupant,, 
which  is  a  very  unsatisfactory  amount,  the  air  of  the  room  ought  to  be  changed 
five  times  at  least  in  an  hour,  if  the  room  is  continuously  occupied  for  several  hours. 
If,  on  the  other  hand,  there  are  periods  of  intermission  of  occupation — that  is  to 
say,  if  the  room  is  free  after  an  hour's  lesson,  and  the  air  is  renewed  so  as  to- 
become  fresh  before  the  next  lesson — a  smaller  rate  of  renewal  during  the  limited 
occupation  would  suffice.  But  in  all  ventilating  arrangements  it  is  safest  to- 
provide  for  the  maximum  requirements. 

Having  thus  explained  briefly  the  general  conditions  which  govern  the  move- 
ment of  air  and  the  amount  of  air  to  be  provided,  we  "will  proceed  to  consider  the 
various  methods  which  have  been  adopted  in  order  to  give  these  considerations  a 
practical  application. 

"Ventilation  may  be  effected  : — 

(1)  By  taking  advantage  of  the  ordinary  currents  of  the  atmosphera 

(2)  By  supplementing  the  effect  of  the  ordinaiy  current  by  generating  heat  in 
flues  or  chimneys,  so  as  to  cause  movement. 

(3)  By  direct  propulsion  of  the  air  by  fans  or  pumps,  either  to  draw  it  into 
extraction  shafts  or  to  force  it  into  the  room. 

The  movement  of  air  by  the  two  first  of  the  above  methods  is  dependent  upon 
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temperature,  and  all  ventilation  is  intimately  connected  with  difference  of  tempera- 
ture    Hence,  ventilation  and  warming  must  always  go  hand  in  hand. 

The  comfort  of  ventilation  depends  upon  letting  the  air  flow  into  a  room  at 
such  a  temperature,  with  such  a  velocity,  and  in  such  a  Vo^on  as  will  Feve^t  the 
inmates  from  feeling  any  sensation  of  cold  or  draught.  What  is  a  draughU  The 
explanation  given  by  Pettenkofer  is,  perhaps,  the  clearest  on  tins  subject,  and  is  as 
follows  —The  unpleasant  sensations  from  dx-aught  arise  from  a  one-sided  coo  mg 
of  the  body,  or  some  part  of  it;  this  is  frequently  caused  by  a  corresponding  motion 
of  cold  air,  but  also  in  other  ways,  as  by  increased  one-sided  radiation,  which 
occasions  a  local  perturbation  in  our  heat  economy,  and  thus  produces  local  con- 

'^"^Ta  person  perspires,  and  goes  to  the  window  witli  bared  neck  or  chest,  be  feels 
a  shiver  not  only  there,  but  all  over  the  body,  and  the  perspiration  becomes 
suppressed  accordingly.  The  blood  which  at  the  time  filled  the  blood-vessels  of  the 
crlowing  skin  is  displaced  by  the  contraction  of  its  channels;  it  is  di-iven  not  only 
from  the  exposed  parts,  but  from  the  whole  surface  towards  the  internal  parts.  It 
one  or  some  of  them  are  in  a  state  of  weakness,  danger  or  bad  consequences  may 


ensue. 


We  hear  often,  "  I  don't  like  sitting  near  this  window,  close  to  this  waU,"  and 
so  on ;  "  there  is  always  a  slight  draught  coming  from  there."  We  fancy  that  we 
feel  in  the  draught  the  motion  of  a  wind,  but  it  is  mostly  the  result  of  a  loss  of  heat 
on  one  side  by  radiation  towards  the  adjacent  cold  surface.  People  generally 
imagine  in  such  a  case  that  the  wind  is  passing  through  the  wall.  But  the  velocity 
of  such  a  wind  would  be  too  smaU  to  be  felt  as  air  in  motion,  and  a  piece  of  carpet 
fixed  to  the  suspected  wall,  which  checks  the  radiation  of  heat  from  the  body  to  the 
wall,  does  away  with  the  supposed  draught.  It  could,  therefore,  not  be  caused  by 
the  air-rush  through  the  wall,  because  the  carpet  is  many  times  more  permeable  to 
air  than  the  wall. 

The  velocity  of  the  air  as  it  flows  in  and  out  of  a  room,  as  measured  at  the 
openings  for  admission  or  exit,  should  not  exceed  one  foot,  or  at  most  two  feet,  per 
second,  for  the  following  reasons,  viz :  first,  in  order  to  prevent  a  sensible  draught 
being  felt,  and  second,  because  a  low  velocity  is  favourable  to  the  uniform  diffusion 
of  the  incoming  air  through  the  air  of  the  room. 

To  avoid  friction,  it  is  convenient  that  the  velocity  in  the  channels  leading  to 
the  main  extracting  shafts  should  not  exceed  three  feet  to  four  and  a  half  feet  per 
second,  and  the  velocity  in  the  larger  main  extracting  shafts  themselves  should  not 
exceed  from  six  to  seven  feet  per  second. 

This  latter  velocity  will,  under  general  circumstances,  and  where  the  extraction 
is  effected  by  means  of  a  heated  shaft,  be  obtained  by  a  difference  of  temperature 
between  the  inside  and  outside  of  from  30°  to  35°  Fahrenheit.  In  special  cases,  on 
gi'ounds  of  construction  or  otherwise,  it  may  be  found  necessary  to  exceed  this. 

These  velocities  would  be  regulated  by  the  size  given  to  the  inlets,  outlets, 
supply  channels,  and  extracting  shafts,  as  compared  with  each  other  respectively, 
and  with  the  quantity  of  air  to  be  supplied  and  removed ;  which  quantity  would 
depend  upon  the  number  of  occupants  of  the  rooms  to  be  provided  for,  and  the 
amount  of  air  to  be  allotted  to  each,  and  upon  the  number  of  lights  burning,  and 
other  special  causes  of  impurity  in  the  air. 
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An-  shou  d  moreover,  be  introduced  and  removed  at  those  parts  of  the  room 
where  it  would  not  cause  a  sensible  draught.    Air  flowing  against  the  body,  at  or 
even  somewhat  above  the  temperature  of  the  air  of  a  room^  .viU  cause  an  incon 
vement  draught,  from  the  fact  that,  as  it  removes  the  moisture  of  the  body,  it  causes 
evaporation  or  a  sensation  of  cold.  i-c^ubes 

Air  should  never,  as  a  rule,  be  introduced  at  or  close  to  the  floor-level  The 
opemngs  would  be  liable  to  be  fouled  with  sweepings  and  dirt.  The  air,  unless 
very  much  above  the  temperatui^e  of  the  air  of  the  room,  would  produce  a  sensation 
of  cold  to  the  feet.  It  may  be  regarded  as  an  axiom  in  ventilation  and  warming, 
that  the  feet  should  be  kept  waxm  and  the  head  be  kept  cooL 

The  orifices  at  which  air  is  admitted  should  be  above  the  level  of  the  heads  of 
persons  occupying  the  room;  the  current  of  inflowing  air  should  be  directed  towards 
the  ceiling,  and  should  either  be  as  much  sub-divided  as  possible  by  means  of 
numerous  orifices,  or  be  admitted  through  conical  openings,  with  the  smaller  open- 
ings towards  the  outer  air,  and  the  larger  openings  towards  the  room,  by  wHch 
means  the  air  of  the  entering  current  is  very  rapidly  dispersed. 

Air  admitted  near  the  ceHing  very  soon  ceases  to  exist  as  a  distinct  current, 
and  will  be  found  at  a  very  short  distance  from  the  inlet  to  have  mingled  with  the 
general  mass  of  the  air,  and  to  have  attained  the  temperature  of  the  room,  partly 
owing  to  the  larger  mass  of  air  in  the  room  with  which  the  inflowing  current 
mingles,  partly  to  the  action  of  gravity,  where  the  inflowing  air  is  colder  than  the 
air  in  the  room. 

The  velocity  of  the  air  may  be  measured  or  estimated  in  various  ways.  It  may 
be  measured  by  puffs  of  vapour  of  turpentine,  or  by  baUoons  fiUed  with  hydrogen 
and  weighted  to  be  of  the  exact  specific  gravity  of  air,  the  time  occupied  by  the 
puff  of  vapour  or  balloon  in  passing  along  a  measured  length  being  accurately 
ascertained. 

For  low  velocities,  it  is  worth  noting  that  a  sheet  of  light  tracing-paper  moved 
through  the  air  at  two  feet  per  second  takes  up  an  angle  of  45°,  and  afibrds  a  ready 
means  of  measuring  that  velocity ;  and  for  smaller  velocities  the  angle  assumed  by 
the  flame  of  a  candle  affords  a  fairly  accurate  index  according  to  the  following 
table. 

Velocity  of  flow  of  air.  Angle  of  inclination  of  flame 

Feet  per  second.  of  candle  with  horizon. 

1-6  .  .  .  .  .  30° 


1-0 
0-75 
0-50 
•40 


40" 
50" 
60" 
64° 


In  other  cases,  where  the  flow  of  the  air  is  more  rapid,  an  anemometer  may  be 
resorted  to. 

An  ordinary  form  of  anemometer  is  that  of  vanes  fixed  to  a  spindle,  the  revolu- 
tions of  which  are  recorded  by  a  counter.  The  vanes  are  turned  by  the  direct 
action  of  the  current  of  air,  and  the  number  of  revolutions  which  are  recorded  by 
the  counter  gives  the  velocity.  Of  course  the  value  of  these  revolutions  has  to  be 
ascertained  in  the  first  place  by  direct  experiment ;  that  is,  by  forcing  a  known 
bulk  of  air  through  a  channel  of  a  given  size,  and  ascertaining  the  number  of  revo- 
lutions made  by  the  vanes,  at  different  velocities,  and  thus  obtaining  the  equation 
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for  the  particular  instrument.  Another  method  of  ascertaining  the  value  of  the 
revolutions  is  to  move  the  instrument  itself  through  stagnant  air  at  given 
velocities.  It  is  necessary  to  measure  the  effects  of  various  velocities  because  the 
number  of  revolutions  corresponding  to  a  given  volume  of  air  when  the  current  ot 
ail'  is  moving  slowly  does  not  necessarily  correspond  with  the  number  of  revolutions 
requii-ed  to  measure  the  same  volume  of  air  when  the  current  of  air  is  rapid. 
Moreover,  the  vanes  wiU  only  begin  to  move  after  the  current  of  air  has  attained  a 
certain  strength,  and  this  form  of  measurement  is  therefore  not  apphcableto  very 

low  velocities.  . 

The  most  convenient  apparatus  for  the  purpose  of  measuring  the  relation 
between  the  motion  of  the  vanes  and  the  rate  of  the  flow  of  air  is  a  graduated 
vessel  constructed  on  the  principle  of  the  ordinary  gas-holder,  from  which  a  known 
quantity  of  air"  can  be  expeUed  at  wiU  through  a  channel  of  convenient  dimensions  ui 
connection  with  it. 

Fletcher's  Anemometer  is  another  very  convenient  form  for  measuring  the  speed 

of  air  in  heated  flues. 

The  instrument  consists  of  two  parts  :  the  flrst  part  of  two  metal  tubes  of  about 
three-tenths  of  an  inch  internal  diameter,  open  throughout,  and  of  any  length ;  the 
second  part  of  a  manometer,  or 
pressure-gauge.  Of  these  tubes  the 
end  of  one  is  straight  and  plain, 
whUe  that  of  the  other  is  bent  to 
a  right  angle.  When  in  use  these 
tubes  are  placed  parallel  to  each 
other,  and  so  that  their  ends  are 
exposed  to  the  current  of  air  to  be 
measured  (Fig.  203).  They  He  at 
right  angles  to  the  current,  which 

thus  crosses  the  open  end  of  the  one  and  blows  into  the  bent  end  of  the  other. 

By  this  means  a  partial  vacuum  is  established  ia  the  straight  ttibe,  whilst  the 
pressure  of  the  current  forces  the  air  into  the  bent  tube ;  a  diff'erential  manometer, 
attached  to  the  outer  ends  of  the  tubes,  shows  the  excess  of  pressure  in  the  bent  one 
over  that  in  the  straight  one.  The  manometer  used  is  a  simple  U  tube  of  glass  set 
vertically,  containing  ether,  fitted  with  Yernier  scales,  by  wliich  the  difieronce  of  level 
of  the  surfaces  of  the  ether  in  the  two  limbs  can  be  measured  to  x^Vu^l^  i"ch. 
This  difference  of  level  between  the  columns  of  ether  becomes  am ea.sure  of  the  speed 
of  the  current  passing  the  ends  of  the  anemometer  tubes.  The  connection  betw^-een 
the  tubes  in  the  chimney  and  the  glass  U  tube  may  be  conveniently  made  by  moans 
of  indisr-rubber  tubing. 
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CHAPTER,  LL 

''"'"Tw^t-te^n^:T^^nl  ^l^^^''"-  of       Atmosphere-Effect  of  Temperature-Action 
n  iT^^  T  3^''*'^^*°^-^°'^^°^  for  Removal  of  Air-Ton* 

of  Shaft  Outlet-CowlB-Watson's  VentUator-McKinneU's  Ventilator.  lop» 

We  ^viU  now  proceed  to  consider  the  action  of  ordinary  currents  of  the  atmosphere 
on  ventilation.  ^ 

The  simplest  way  of  obtaining  a  change  of  air  in  a  room  is  to  take  advantage  of 
the  movement  in  the  air  produced  by  changes  of  temperature,  or  by  the  action  of 
the  wands. 

In  every  room  in  which  there  is  an  opening  at  the  upper  part,  out  of  which  the 
warmed  air  can  pass,  and  an  opening  either  level  with  it  or  below  it,  through  which 
fresh  air  can  flow  in,  the  system  of  ventilation  by  difference  of  temperature  will 
operate. 

Thus  an  ordinary  sash-window  is  the  simplest  example.  If  the  top  sash  be 
lowered  and  the  bottom  sash  raised,  the  warmed  air  passes  out  of  the  room  at  the  top, 
and  the  cooler  outer  air  flows  in  below.  Hence,  for  an  inlet  for  air  to  an  ordinary 
room,  provided  with  a  fireplace,  but  unprovided  -svith  special  inlets,  a  very  simple 
plan  is  to  cut  a  slit  at  the  lower  bar  of  the  upper  sash  of  a  window,  so  as  to  leave 
a  clear  space  of  about  a  quarter  of  an  inch  along  its  whole  length,  through  which 
the  fresh  air  will  be  drawn  in  in  an  upward  direction.  Or  a  piece  of  wood  may  be 
fitted  to  the  bottom  of  the  lower  sash  so  as  to  increase  its  depth,  and  prevent  its 
closing  completely,  thus  leaving  a  permanent  opening  at  the  junction  between  the 
upper  and  lower  sashes,  without  leaving  any  room  for  admission  of  air  and  draught 
at  the  bottom  of  the  lower  sash.  The  panes  of  windows  are  sometimes  used  for 
openings  for  air.  One  method  is  simply  to  cut  holes  in  the  pane  of  glass,  and  to 
fix  another  piece  of  glass  in  the  pane,  arranged  on  the  principle  of  the  hit-and-miss 
ventilator,  by  which  the  openings  can  be  closed  or  opened  at  wHl.  These  are 
subject  to  the  inconvenience  of  allowing  a  direct  inflow  of  air,  and  consequent 
draught.  In  cottages  there  is  often  seen  a  tin  whirligig  inserted  instead  of  a  pane  : 
this  revolves  with  the  admission  of  air,  and  breaks  up  and  throws  the  current 
towards  the  ceiling.  In  window-panes  the  best  forms  of  ventilators  are  those  which 
direct  the  current  of  air  towards  the  ceUing,  such  as  hopper  ventilators,  or  Moore's 
louvred  panes  ;  but  all  ventilators  of  this  nature  in  windows  are  makeshifts  ;  and  it 
is  preferable  to  adopt  ventilation  independent  of  the  window-openings,  reserving  these 
for  light,  and  for  effecting  a  thorough  change  of  air  in  the  room  at  occasional  times. 

If  a  room  has  two  outer  walls  on  opposite  sides,  and  if  an  opening  be  made  in 
each  wall,  and  if  the  wind  blows  against  one  of  the  walls,  there  will  be  an  increase 
of  pressure  against  that  wall,  and  a  diminution  of  pressure  against  the  wall  opposite, 
consequently  air  will  be  forced  in  through  the  inlet  on  the  side  against  which  the 
wind  blows,  and  be  extracted  on  the  other  side.  In  order  to  utilise  this  effect 
of  wind-pressure,  Sir  Joshua  Jebb  ventilated  barrack-rooms  by  hollow  beams 
(Fig.  204),  carried  across  the  rooms  from  one  outside  wall  to  the  other,  communicating 
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with  the  open  air  at  both  ends,  and  also  provided  with  openings  into  the  room,  but 
ial.  I  wooden  partition  placed  across  in  the  centre  of  the  beam,  so  as  to  compel 
!;  lo  a°ct  both  as  an  inlet  and  an  outlet  when  the  wind  is  blowing  against  either 

"""^ ThTaction  becomes  more  efficient  if  the  beam  be  dispensed  with  and  the 
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openings  in  the  opposite  walls  retained  (Fig.  205)  ;  the  most  convenient  form  for  such 
openings  is  the  Sherringham  ventilator,  or  the  conical  ventilator  above  mentioned. 

The  Shen-ingham  ventilator  consists  of  an  iron  air-brick  or  box  inserted  close  to. 
the  ceiling  of  the  room  (Fig.  206),  and  aflfording  a  direct  communioation  with  the 
external  air.    The  cm-rent  of  inflowing  air  is  directed  by  the  hopper  fonn  of  valve 
upwards  towards  the  ceiling.  The 
inside  area  is  somewhat  larger  than 
the  outside  area,  in  consequence  of 
the  latter  being  closed  with  a  grating, 
and  thus  the  air  enters  the  room  at  a 
less  velocity  than  that  at  which  it 
passes  the  outer  surface  of  the  wall. 

Inlets  have  been  formed  by  ver- 
tical tubes,  the  opening  to  the  outer 
air  being  made  near  the  floor,  and  the 
tube  being  employed  as  a  means  of 

cariying  the  opening  through  which  the  air  is  allowed  to  enter  the  room  to  a  height 
of  five  or  six  feet  or  more  above  the  floor.  This  is  convenient  in  cases  where 
necessities  of  construction  make  it  desirable  to  place  the  opening  to  the  outer  air 
low  down,  as  compared  with  the  point  of  entrance  of  the  air  into  the  room  ;  or 
when  it  is  desired  to  introduce  fresh  air  into  the  centre  of  very  wide  rooms  or  hall& 
without  causing  an  unpleasant  draught  against  the  feet.  The  columns  supporting 
galleries  of  halls  or  churches  form  convenient  tubes,  and  the  Capitals  may  form  the 
inlet  to  the  room. 

A  system  of  this  description  has  been  in  use  in  the  British  Museum  for  above- 
twenty  years.  The  fresh  air  is  introduced  by  a  vertical  inlet  placed  between  rows- 
of  opposite  desks,  and  is  admitted  at  a  height  above  the  level  of  the  heads  of  the 
readers.   The  system  has  also  been  long  used  in  cofiee-rooms  of  hotels,  and  in  dining- 
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rooms,  pi  lars  being  placed  in  the  centre  of  the  floor,  through  which  the  fresh 
flows^and  passes  o,it  at  a  level  of  four  or  five  feet  or  more,  as  the  case  maj  be 

Ventxlatmg-tubes  of   this  description  have  the  advantage  of  directing  the 

inflowing  current  upwards  towards  the 
ceiling;  but  in  consequence  of  the  friction 
of  the  sides  of  the  tube,  the  velocity  with 
which  the  air  enters  the  room  is  less  than 
it  would  be  if  it  came  in  through  a  shorter 
channel  and  a  more  dii^ect  inlet  inclined 
upwards.  Therefore,  in  an  outer  waU  a 
better  efiect  will  generally  be  obtained  by 
a  Sherringham  ventilator. 

The  main  objection  to  these  tubes 
(Fig.  207)  is  that  they  are  difficult  to  clean, 
and  hence  they  may  become  receptacles  for 
dirt,  insects,  cobwebs,  and  dust,  which  after 
a  time  may  injuriously  afiect  the  air  pass- 
ing through  them.  Moreover,  inlets  of  this 
shape  do  not  readily  lend  themselves  to 
act  the  part  of  outlets  when  occasion  requires,  which  is  so  convenient  a  feature  of 
the  Sherringham  ventilator. 

Upon  the  whole,  Sherringham's,  where 
applicable,  is  the  more  convenient  form, 
and  it  is  cheap  and  easily  cleaned. 

Where  a  room  has  two  outside  walls 
and  is  provided  with  openings  on  both 
sides,  this  inflow  and  outflow  of  air  is 
almost  certain  to  go  on  continuously,  in 
consequence  of  the  movement  of  the  outer 
air,  which  is  rarely  at  rest. 

Where  rooms  have  only  one  outer  wall, 
other  conditions  prevail. 

Under  such  circumstances,  it  may  be 
desirable  to  carry  a  shaft  from  the  ceiling 
to  above  the  roof  (Fig.  208).  This  is  the 
principle  of  the  arrangement  adopted  for 
barracks  and  military  hospitals,  combined 
with  arrangements  for  warmed  air. 

If  an  o])en  tube  or  shaft  be  carried  up 
from  a  room  or  enclosed  space  to  a  point 
above,  where  the  top  is  exposed  to  the  free 
movement  of  the  atmosphere,  an  upward 
current  will  prevail  in  the  shaft  so  long  as 

there  is  a  movement  in  the  atmosphere,  because  the  atmospheric  current,  in  its 
passage  over  the  top  of  the  tube,  relieves  to  a  certain  extent  the  pressure  which 
prevails  when  the  atmosphere  is  at  rest,  and  thus  causes  the  air  in  the  tube  to 
rise.    The  movement  is,  of  course,  unequal  in  its  action.    It  is  powerful  when  the 
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wind  is  high.  In  calm  weather  it  is  very  smaU  ;  but  in  this  country,  as  already 
mentioned?  the  average  velocity  of  the  atmosphere  is  above  17  feet  per  second, 
and  it  is  rarely  quite  at  rest. 

It  is  very  difficult  to  measure  the  relation  which  the  current  in  a  tube  or  shaft 
caused  by  this  method  of  extraction  bears  to  the  velocity  of  the  wind,  because  there 
are  so  many  conflicting  elements  to  be  considered.  The  formulae  for  calculating  the 
velocity  of  wind  in  some  of  the  standard  anemometers  are  not  entirely  satisfactoiy 
for  the  very  low  velocities,  and  it  is  in  the  case  of  the  low  velocities  that  it  is  most 
important  to  ascertain  the  current  in  the  upward  shaft,  because  in  high  winds  the 
up-currents  will,  as  a  rule,  be  very  strong.  But  the  action  of  wind,  whilst  it  tends 
to  exhaust  the  air  through  the  tube,  is,  at  the  same  time,  acting  on  all  other 
openings  in  the  building,  either  to  exhaust  or  to  force  in  air.  Hence,  gusts  of 
wind  wUl  sometimes  cause  a  reverse  action  in  the  tube,  in  consequence  of  some 
other  opening  acting  temporarily  as  a  means  of  extraction.  It  is  often  from  this 
cause  that  chimneys  are  found  to  smoke  in  wiudy  weather,  especially  when  they  are 
so  constructed  as  to  allow  of  a  sluggish  draught.  The  form  of  the  top  of  the 
upright  tube  or  shaft  has  an  influence  on  the  current  ia  these  cases.  Thus,  when 
the  air  which  impinges  on  the  flue  is  caused  to  slope  upwards  or  sideways  from  the 
opening,  it  will  frequently  be  found  to  prevent  a  reverse  action  or  a  down-draught. 

Some  experiments  on  this  subject  have  been  recently  made  by  Lord  Eayleigh 
in  the  Cavendish  Laboratory,  at  Cambridge.  The  plan  he  adopted  was  to  produce 
currents  by  means  of  a  fan  over  the  tops  of  variously-shaped  tubes  representing  the 
top  of  a  chimney.  The  following  were  the  general  results  at  which  he  arrived,  and 
which  he  communicated  to  the  British  Association  : — 

The  worst  position  for  a  flue  is,  as  might  be  expected,  near  a  dead  wall,  because 
the  wind  blowing  against  the  wall  causes  momentarily  a  sudden  pressure,  which 
stops  for  the  moment  the  escape  of  the  gases  up  the  flue.  A  current  impinging  on 
the  top  of  the  flue  in  a  downward  direction,  at  an  angle  of  30°  or  upwards,  checks 
the  draught ;  a  current  across  the  top  of  the  flue,  forming  a  less  angle  with  the 
horizon  than  30°,  increases  the  draught;  and  the  most  advantageous  efiect  m 
produced  when  the  current  strikes  upwards  at  an  angle  of  30°. 

A  flue  terminated  with  a  T-shaped  head,  open  at  both  ends,  was  very  favour- 
able against  down-draught,  except  when  the  current  struck  down  at  an  angle  of  30° 
or  more.  But  a  T-shaped  head,  with  two  short,  upright  pieces  at  each  end  of  the 
T,  open  at  the  top  and  bottom,  was  fotind  to  be  an  entire  preventive  of  down- 
draught  under  all  conditions  of  current.  It  must,  however,  be  observed  that  such  a 
form,  even  if  it  were  proved  perfect  in  a  laboratory'  experiment,  presents  great 
inconveniences  in  practice  from  the  difficulties  in  cleaning.  Even-  if  used  for  air 
only,  it  would  tend  to  accumulate  dirt,  and  smoke  must  inevitably  clog  it.  The 
safest  thing  to  do  with  chimneys  is  to  terminate  the  chimneys,  where  possible,  in  a 
place  where  the  pressure  is  not  variable,  and  in  any  case  to  construct  the  chimney 
so  that  there  shall  be  considerable  velocity  in  the  flue  to  counteract  any  temporary 
check  from  unequal  pressure. 

It  must  also  be  recollected  that  the  temperature  inside  the  flue,  as  compared 
with  that  of  the  outer  air,  has  an  important  influence  on  the  movement  of  the  air. 

If  the  atmosphere  should  be  without  perceptible  movement  in  cold  weather, 
when  the  temperature  indoors  is  maintained  for  comfort  above  that  out  of  doors. 
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the  difference  of  temperature  will  cause  an  upward  movement  in  the  shaft.    In  hot 
weather,  if  the  shaft  is  colder  than  the  outer  air,  a  down-current  may  ensue  •  but  if 
in  hot  weather,  there  should  be  little  or  no  movement  in  the  shaft,  this  occurs  at  a 
time  when  the  windows  can  be  kept  open,  and  the  air  be  renewed  by  this  means. 

•  The  friction  in  the  shaft  varies  inversely  with  the  area,  and  with  small  tubes  it 
forms  a  very  perceptible  element  of  retardation.  Experiments  made  with  tubes  three 
inches  in  diameter  tended  to  show  that  the  velocity  obtained  in  the  tube  was  about 
two-fifths  of  that  of  the  wind ;  larger  diameters,  on  the  other  hand,  produce  better 
results. 

In  consequence  of  the  numerous  causes  of  disturbance  enumerated  above,  this 
method  of  extraction,  when  applied  to  a  house,  could  not  be  relied  on  to  act  on  all 
occasions  with  certainty  as  an  extraction-shaft ;  but  it  can  be  relied  on  to  ensure 
in  one  way  or  other,  and  to  a  certain  extent,  a  continual  change  of  air. 

Under  similar  conditions,  it  may  be  generally  assumed  that  a  tube  or  shaft  with 
an  open  top  will  act  satisfactorily.  It  is,  however,  necessary  to  protect  the  top, 
to  prevent  rain  from  entering  the  tube ;  but  a  cover  may  tend  more  or  less, 
according  to  its  shape,  to  delay  the  current  in  the  tube  or  shaft.  The  shape  of  the 
cowl  or  top  must  be  carefully  designed  so  as  to  obviate  this.  The  best  form  of 
cover  or  cowl  would  seem  to  be  one  which  ■  affords  an  opening  larger  in  area  than 
the  area  of  the  tube,  the  top  of  the  tube  being  gradually  enlarged  on  definite 
principles  to  suit  the  enlargement  of  the  cover  or  cowl.  A  cowl  with  a  curved 
head,  arranged  to  move  round  with  the  wind,  so  as  always  to  present  its  back  to 
the  wind,  if  gradually  enlarged  at  its  mouth  into  an  oval  shape,  with  an  aperture 
a  good  deal  larger  than  the  tube,  facilitates  extraction.  Buchan's  and  Boyle's  cowls 
produce  a  similar  effect,  and  have  the  advantage  of  fixed  blades. 

In  connection  with  the  extraction  of  air  by  tubes  of  this  sort  with  the  mouths 
turned  away  from  the  wind,  there  may  be  used  other  tubes  with  similar  cowls 
turned  towards  the  wind.  This  system  is  often  used  on  board  ships.  The  air  is 
forced  down  the  one  tube  and  drawn  up  from  the  other. 

There  are  certain  forms  of  shafts  which  have  been  devised  to  act  both  as  inlets 
and  outlets,  but  in  order  to  do  so  they  require  fixed  condi- 
tions. Alter  these  fixed  conditions,  and  any  of  them  may 
become  wholly  outlet  or  wholly  inlet.  The  condition 
essential  to  their  operation  is,  that  the  room  to  which  they 
are  applied  be  closed,  and  in  a  closed  room  their  action  is 
singular.  If  a  number  of  people  be  crowded  into  a  room 
with  the  fireplace  closed  and  the  doors  and  windows  shut, 
and  if  a  tube  of  an  apparently  suffLcient  area  to  afford 
ventilation  for  the  inmates  be  carried  from  the  ceiling  of 
the  room  to  above  the  roof  of  the  building,  there  will  be  an 
irregular  effort  at  effecting  an  interchange  between  the  air 
of  the  room  and  the  outside  air.  The  outer  air  will  descend 
and  the  inner  air  will  ascend,  in  fitful,  variable,  irregular 
currents,  and  the  room  will  be  badly  ventilated,  if  venti- 
lated at  all. 

But,  singularly  enough,  no  sooner  is  the  tube  divided  longitudinally  (Fig.  209) 
from  top  to  bottom  by  means  of  any  division,  however  thin,  than  its  action  becomes 
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immediately  changed — a  current  o£  air  descends  into  the  room  continuously  on 
one  side  of  the  partition,  and  a  current  of  foul  air  .  ascends  from  the  room  con- 
tinuously on  the  other  side  of  the  partition.  One  half  of  the  tube  supplies  fresh 
air  to  the  inmates  of  the  room,  and  the  other 
half  removes  foul  air,  so  that  if  the  size  he 
properly  adjusted  the  air  in  the  room  is  kept 
sweet. 

"Watson's  Ventilator  (Fig.  210)  supplies  this 
principle  in  its  elementary  form.  It  consists  of 
a,  square  tube  with  a  division  down  the  centre, 
one  side  affording  a  tube  slightly  higher  than 
the  other  ;  it  has  no  means  of  diffusing  the 
descending  current.  The  annexed  figure 
(Kg.  211)  shows  another  form  where  the  current 
is  diffused.  It  is  called  M'KinneU's  Yentilator. 
It  consists  of  two  cylinders,  one  encircling  the 
other,  the  area  of  the  inner  tube  and  encircling 
ring  being  equal.    The  inner  one  is  the  outlet 

tube  ;  the  casing  of  the  other  tube  maintains  the  temperature  of  the  air  in  it ;  and 
it  is  always  made  rather  higher  than  the  other  ;  above  it  is  protected  by  a  hood. 

The  outer  cylinder  or  ring  is  the  inlet-tube ;  the  air  is 
taken  at  a  lower  level  than  the  top  of  the  outlet-tube ; 
when  it  enters  the  room,  it  is  thrown  up  towards  the 
ceiling,  and  then  to  the  walls  by  a  flange  placed  on  the 
bottom  of  the  inner  tube.  Fig.  211.  Such  a  method  of 
ventilation  is  very  useful  under  certain  conditions,  but 
it  is  not  universally  applicable.  Nor,  indeed,  is  there 
any  universal  system  of  ventilation. 

There  is,  however,  one  point  in  connection  with  all 
ventilation  which  cannot  be  too  strongly  kept  in  view — viz.,  that  in  ventilating  a 
closed  space,  every  inlet  for  fresh  air  requires  a  corresponding  outlet,  if  movement 
is  to  take  place.  The  excellence  or  the  perfection  of  ventilation  of  a  given  con- 
fined space  depends  upon  the  relative  arrangements  for  the  inflow  as  weU  as  the 
removal  of  the  air. 


Fig.  210. 
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CHAPTER  LII. 

Application  of  Heat  for  causing  Movement  of  Air-Temperature  of  Compressed  and  Expanded  Air- 
Condition  of  Combustion-Smoke-Radiant  Heat-Conduction-Oonvection. 

We  wiU  pass,  in  the  next  place,  to  consider  the  means  of  obtaining  ventilation 
V  supplementing  the  movement  in  the  air  by  artificial  heat.  In  order  to  make 
chis  subject  inteUigible,  it  is  necessary  to  consider  certain  questions  comiected 
with  heat. 

It  has  been  already  explained  that  cool  air  is  more  favourable  to  breathing  than 
hot  air.    This  should  be  carefully  noted  as  an  axiom  in  ventilation  and  warming. 

The  act  of  compressing  air  produces  heat ;  the  corresponding  expansion  of  air 
produces  cold.  The  relation  of  the  volume  of  the  air  to  the  heat  and  cold  produced 
by  compression  and  expansion  will  be  best  explained  by  a  study  of  the  following 
table,  which  shows  approximately  the  cold  produced  by  dilation  and  the  heat  pro- 
duced by  compression  of  air  at  difierent  pressures.  The  volume  at  atmospheric 
pressure  at  the  sea-level  and  at  60°  Fahr,  being  assumed  as  1  -0. 


Atmospheres. 

Number  of  inches 
Mercury, 

Volume  of  the  air. 

Actual  temperature 
of  the  air  during  the 
process. 
(Fahrenheit.) 

Difference  due  to 
compression  or 
expansion. 
(Fahrenheit.) 

0-5 

15 

1-634 

—36-7° 

—94° 

0-83 

25 

1-137 

+  33° 

—27° 

1-000 

30 

1-000 

+60° 

0° 

1-25 

1-  0 

2-  0 

37-5 

45 

60 

0-85 
0-75 
0-61 

+94-8° 

+124-9° 

+175-8° 

+34-8° 
-^64-9° 
+115-8° 

Thus,  if  air  at  a  temperature  of  60'  be  compressed  to  half  its  volume,  or  to  a 
pressure  of  two  atmospheres,  its  temperature  is  raised  to  176°  Fahr, 

The  compression  of  the  air  caused  by  propulsion  raises  the  temperature  of  the 
inflowing  air.  Some  experiments  of  General  Morin  showed  that  in  a  system  of 
ventilation  where  the  pumping  in  of  the  air  gave  a  pressure  equivalent  to  2  inches 
of  water,  the  temperature  was  raised  from  20°  to  25°  Fahr.,  between  the  tempera- 
ture at  the  place  from  which  the  air  was  drawn  into  the  fan  and  the  temperature  at 
the  inlet  into  the  room,  notwithstanding  the  loss  of  heat  which  took  place,  viz.,  the 
absorption  of  the  heat  on  the  way. 

If,  on  the  other  hand,  air  be  expanded  so  as  to  occupy  double  the  space,  the 
temperature  would  be  decreased  to  nearly  37°  Fahr.  below  zero ;  and  hence,  if  air 
be  compressed,  and  if  the  compressed  air  be  allowed  to  cool  down  to  the  tempera- 
ture of  normal  air,  and  the  air  be  then  allowed  to  expand,  a  degree  of  cold  will  be 
produced  equal  to  the  difference  between  that  caused  by  the  compression  and  the 
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nonnal  temperature.    This  affords  an  efficient  means  of  supplying  cooled  air  for 

''''tn^coiSrw^^^  cooling  and  warming  air  for  ventilation 

should  be  noted  that  the  mean  temperature  of  the  ground  at  a  depth  of  from  iU  ta 
feet  is  always  much  cooler  than  the  summer  temperature  and  much  warmer 
than  the  winter  temperature  of  the  air;  and  that  therefore  a  means  of  warming  air 
in  winter  and  cooling  it  in  summer  is  to  a  certain  extent  always  at  hand. 

In  the  original  construction  of  a  house  ducts  might  be  carried  under  the  house 
to  brincr  in  the  air,  so  that  it  would  be  warm  in  winter  and  cool  in  summer,  A 
passa-e°at  a  depth  of  6  feet,  of  200  feet  in  length,  has  had  the  effect  of  warming 
the  afr  passing  through  it  to  much  above  the  arithmetical  mean  between  the  outer 
and  that  of  the  earth.  But  in  any  such  arrangement  it  would  be  necessary  that 
ducts,  whilst  being  good  conductors  of  heat,  should  be  constructed  of  an  imper- 
.__us  material,  because  the  ground-air,  or  air  which  permeates  from  the  ground,  is 
liable  to  contain  many  deleterious  matters.  It  is  on  this  account  preferable  that 
the  air  so  brought  in  should  be  brought  in  metal  tubes.  When  such  arrangements 
have  not  been  made  in  the  original  construction  of  the  house,  simpler  and  less  ex- 
pensive arrangements  may  be  made  by  sinking  pipes  undergroimd,  and  drawing  the 
air  through  them. 

The  efficiency  of  this  arrangement  would  of  course  depend  upon  the  proportion 
of  the  size  of  the  pipes  to  the  volume  of  air. 

The  air  so  brought  in  would  be  delivered  in  cold  winter  weather  at  a  tempera- 
ture which  would  require  a  much  less  amount  of  fuel  to  warm  it  than  air  brought 
direct  from  the  outer  air.  It  is  also  noteworthy  that  air  drawn  from  a  height  of 
50  feet  from  the  ground  would,  especially  where  there  are  ground-fogs^  be  warmer 
than  air  drawn  from  close  to  the  surface  of  the  ground. 

The  next  question  to  be  considered  in  warming  air  is  the  heating-power  of 
different  kinds  of  fuel.  This  varies  considerably,  and  depends  chiefly  upon  the  pro- 
portion of  carbon  and  hydrogen  which  they  contain. 

In  this  country  our  heat  is  all  derived  from  coal  or  the  products  of  coal,  such  as 
coke  or  gas.  Wood  is  only  used  as  a  luxury.  The  usual  plan  is  to  use  raw  coal ; 
and,  with  all  its  imperfections,  it  is  on  the  whole  the  cheapest  and  most  convenient 
form  of  obtaining  heat.  There  are,  however,  numerous  objections  to  its  use.  It 
creates  dirt  and  dust  in  a  room ;  it  sends  up  smoke  and  soot  into  the  atmosphere  ; 
and,  as  we  have  already  mentioned,  makes  our  town  fogs  blacker  and  more  persis- 
tent. Coke  is  free  from  some  of  these  imperfections,  and  gas  would  be  an  eminently 
clean  fuel.  Dr.  Siemens  has  proposed  that,  instead  of  burning  raw  fuel  in  our  fire- 
places, we  should  reduce  our  raw  fuel  into  coke  and  gas,  and  then  combine  them  in 
the  fireplace.  Gas  made  for  illuminating  purposes  is,  however,  too  expensive  for  a 
fuel.  At  4s.  per  thousand  cubic  feet,  it  may  be  assumed  to  cost  from  three  to  four 
times  as  much  as  coal.  But  it  is  quite  certain  that  if  gas  were  made  for  heating 
pui-poses  only,  and  were  sold  at  from  Is.  6d.  to  2s.  per  thousand  cubic  feet,  the  use 
of  gas  would  obtain  a  very  great  extension,  because  it  can  be  applied  so  conveniently 
and  easily. 

The  oxygen  required  for  combustion  is  supplied  by  air. 

The  nitrogen  of  the  air  passes  through  a  fire  without  material  alteration,  and  for 
pui-poses  of  combustion  the  oxygen  alone  is  available.    The  nitrogen  is  indeed  a 
38 
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source  of  loss,  because  it  Has  to  be  warmed  in  ovrlp.-  7,  ~~ 

and  it  would  be  a  great  source  of  econZy  ^  ^i^: 'if'  "V? 
devised  of  filtering  the  air,  so  as  to  allow  trox^^r^^piTou^h  tt 
the  xntrogen  to  be  held  back.   Such  a  filter  migl/be  const^uld  f  £dtub^^  W 
the  rate  of  passage  of  the  oxygen  would  be  too  slow  to  admit  of  such  a  Vlter  1  avt 
any  practical  apphcation.    Baryta  raised  to  different  degrees  of  heat  ha  b 
proposed  for  arrestmg  the  oxygen  from  the  air  and  giving  it  out  to  the  fire 
_    Experience  shows  that  the  air  which  has  passed  through  a  fire  retains  a  con 
sxderable  proportion  of  its  normal  quantity  of  oxygen,  and%herefore,  fo  Lcticd 
purposes  of  combustion,  the  supply  of  air  should  be  increased  beyond  the  q'a^i  ty 
which  theoretical  considerations  show  to  be  necessary,  in  the  ratio  of  U  to  T  or  t 
to  1     Thus,  onepound  of  coal  or  charcoal  may  be  assumed  to  require  for  its  com- 

feet  oTab  "  "  ^''^^  ^  '  ^^^^^^  ^^^^^  ^^0  cubTc 

In  a  close  stove  perfect  combustion  depends  on  the  area  of  the  grate  and  other 
apertures  for  admitting  air  with  reference  to  the  fuel  used,  to  the  heic^ht  of 
chimney  or  other  means  for  drawing  or  propelling  the  aii^  thi^ough  the  fuel,  and  to 
the  power  of  regulating  the  inflow  of  aii-  by  dampers  or  doors.  In  open  fireplaces 
Avhilst  a  blazing  fire  will  be  best  obtained  by  a  grating  under  the  fire,  yet  if  the  aii^ 
be  properly  guided  to  the  back  as  well  as  to  the  front  and  sides  of  the  upper  part  of 
the  fuel  m  an  open  fire,  a  bright  fire  will  be  obtained. 

In  all  cases,  when  the  supply  of  air  is  insufficient,  carbonic  oxide  is  formed.  The 
formation  of  carbonic  oxide  in  an  ordinaiy  grate  in  which  coal  is  burned  is  shown 
by  the  blue-coloured  flame  which  is  sometimes  seen,  and  is  an  evidence  of  an 
insufficient  supply  of  oxygen  at  that  part  of  the  fire  for  supporting  combustion. 

The  heat  evolved  in  forming  carbonic  oxide  is  much  less  than  that  evolved  in 
the  formation  of  carbonic  acid;  therefore  it  is  wasteful  to  burn  coal  with  an  insuffi- 
cient supply  of  air,  in  such  a  manner  as  to  allow  of  tlie  formation  of  carbonic  oxide 
instead  of  carbonic  acid  cas. 

The  effect  of  water  in  a  combustible  is  to  diminish  the  actual  weight  available 
for  producing  heat,  as  well  as  to  absorb  such  a  proportion  of  the  heat  generated  as 
may  be  necessary  for  evaporating  the  water ;  therefore  fuel  should  be  as  dry  as 
possible.  For  instance,  a  fire  supplied  with  damp  wood  will  give  out  scarcely  any 
heat. 

We  next  come  to  the  important  question  of  smoke,  which  is  the  bane  of  all  our 
large  towns,  and  has  been  shown  to  have  an  important  influence  on  the  persistent 
character  of  fogs  in  large  towns. 

This  question  of  the  consumption  of  smoke  has  recently  received  considerable 
impetus  from  the  serious  fogs  with  which  the  metropolis  was  troubled  two  or  three 
years  ago,  and  numerous  fireplaces  were  exhibited  at  the  Smoke  Abatement  Exlii- 
bition,  held  in  1882,  which  had  the  object  of  preventing  smoke. 

Although  elaborate  exj^eriments  have  been  made  from  time  to  time  with  a  view 
to  ascertain  the  nature  of  the  gases  generated  in  furnaces,  but  little  attention  has 
been  devoted  to  the  composition  of  the  gases  given  off"  from  stoves  and  grates. 

Amongst  the  earlier  researches  on  chimney  gases  are  those  of  Peclet,  but  his 
results,  and  those  of  some  other  experimenters,  were  open  to  the  objection  that 
"the  samples  taken  for  analysis  were  only  small  fractions  of  the  total  gases  in  the 
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^1  ffirut  to  burn  even  ujer  faTOUvable  ooiiditions,  th^^n  oarbome  OKido,  and  that 
ti"  la;:r  ot  incancWnt  fuel  the  unburnt  carboa  in  the  gas  exists  .nore 
^ftPii  in  tlie  form  of  hydrocarbon  than  of  carbonic  oxide. 

in  he  opeTfireplace  much  of  the  air  in  the  flue  does  not  come  xn  contact  with 
the  fuel  at  airand'the  dilution  of  the  products  of  combustion  by  air  vanes  with 

^^^^iS— by  Mr.  Chandler  Boberts,  E.K^^r  the  Sm^e  Abat. 
n.ent  ExhibLn,  which  deserve  careful  study,  the  ratios  by  weight  between  tiie 
Ibon  completely  burnt  to  carbonic  anhydride,  to  that  f^^/,'?^;^^ 
<,arbons  or  carbonic  oxide,  varies  between  the  limits  of  1,000  8  to  1'"^^ 
Jltios  which  are  much  higher  than  those  obtained  by  M.  Scheurer-Kestnei, 
.Mougl  they  correspond  with  certain  analyses  made  by  M.  Foucou  on  the  gases 
.scapSg  from  the  furnaces  of  locomotives.  It  would  seem,  therefore  that  an  open 
firelce  need  not  compare  unfavourably  (from  the  point  of  view  of  effecting  the 
complete  combustion  of  carbon)  with  the  boHer-furnace,  in  which  there  is  a  larger 
mass  of  incandescent  fuel;  but  it  must  be  remembered  that  the  appliances  exhibited 
were  in  most  cases  speciaUy  designed  for  effecting  complete  combustion,  and,  further, 
that  the  stoking  was  in  all  cases  effected  with  great  care,  so  as  to  insure  as 

favourable  results  as  possible.  ^   ^  i  i  tvx 

On  the  other  hand,  although  in  the  case  of  the  boiler-furnaces  tested  by  M. 
■Scheurer-Kestner  the  stoking  was  conducted  with  the  most  scrupulous  attention, 
still  the  refrigerating  action  of  a  mass  of  water  in  the  boiler  must  have  impeded  the 
union  of  oxygen  and  the  combustible  gases. 

As  regards  soot,  M.  Delezenne  estimated,  in  1855,  that  the  proportion  of  carbon 
that  escaped  combustion  in  the  form  of  soot  might  be  taken  at  5  per  cent,  of  the 
total  weight  of  fuel  burnt  in  the  grate,  and  that  6,320  kHogrammes  of  soot  fell  m 
twelve  hours  on  the  town  of  Lille.  But  EmHe  Burnat,  quoting  Payen,  pointed  out 
in  a  paper  on  the  combustion  of  smoke  in  boiler-furnaces,  read  before  the  Indus 
trial  Society  of  Mulhouse,  in  1875,  that  the  amount  of  finely-divided  carbon 
produced  in  a  certain  lamp-black  factory  is  only  3  per  cent,  of  the  coal  burnt,  and 
therefore  the  amount  of  carbon  in  ordinary  smoke  must  be  much  lower. 

In  1858,  Mr.  John  Graham  estimated  that  very  black  smoke  does  not  contain 
more  than  -^^  per  cent,  of  the  carbon  of  the  coal  burnt,  and  the  experiments 
of  M.  Scheurer-Kestner  already   quoted   showed  that  in  boiler-furnaces  the 
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OSS  of  carbon  in  the  form  of  soot  never  exceeds  1  per  cent,  of  the  fuel  burnt  while, 
the  mean  loss  is  probably  between  ^  and  |  per  cent.  A  case,  however,  is  recorded 
in  which  a  coal  contammg  69  per  cent  of  carbon  (burnt  with  an  inadequate  sunp  v 
of  air)  lost  an  amount  of  carbon  as  soot  equal  to  2-03  per  cent,  of  the  fuel  burrt 

As  might  be  anticipated,  the  amount  of  soot  is  greater  in  the  case  of  an  ope^ 
fireplace  than  m  a  boiler-furnace,  but  the  results  of  the  tests  made  by  L 
Chandler  Roberts  at  the  Smoke  Abatement  Exhibition  are  not  conclusive  on 
this  point,  although  they  possess  much  interest. 

In  many  cases  the  flues  were  carefully  swept  before  and  after  the  trial,  and  the 
soot  was  collected  and  weighed.  In  an  extreme  case,  in  an  open  fireplace,  no  le^s 
than  2-^-  per  cent,  of  soot,  compared  with  the  fuel  burnt,  was  found  in  the  flu^  It 
the  end  of  the  trial.  In  the  case  of  three  close  stoves  of  careful  construction,  rather 
less  than  i  per  cent,  was  found,  while  in  some  cases  it  fell  to  I  per  cent,  and  in  one 
case  to  ^  per  cent.  But,  on  the  other  hand,  these  numbers  do  not  include  the- 
amount  escaping  into  the  air. 

In  a  preliminary  experiment  made  with  an  ordinary  open  fireplace  connected 
with  a  chimney  by  means  of  a  sheet-iron  pipe  6  feet  long  and  9  in.  diameter,  17  lbs 
of  bituminous  coal  was  burnt  in  three  hours,  and  no  less  than  0-61  per  cent,  of  the- 
fuel  burnt  was  collected  in  the  pipe  in  the  form  of  soot,  while  the  soot  that  passed 
into  the  chimney  was  not  collected.  This  0-61  per  cent,  of  soot,  after  dryin-  at 
100°  a,  yielded,  on  distillation  at  300°  0.,  12  per  cent,  of  an  oily  strong-smeSinc. 
mixture  of  hydrocarbons.  °  ° 

The  primary  condition  for  the  prevention  of  smoke  is  the  complete  combustion 
of  the  fuel ;  therefore  the  combustible  gases  should  be  intimately  mixed  with  air, 
and  the  mixture  should  be  eflected  at  a  high  temperature.  Those  grates  and  stoves 
which  fulfil  these  conditions  in  the  most  perfect  way  would  be  those  which  would 
develop  most  heat  out  of  the  fuel,  and  if  their  parts  are  properly  arranged,  they 
should  give  out  most  heat  for  useful  purposes.  They  would  also  create  least  smoke. 
But  in  practice  it  has  been  found  very  diflicult  to  combine  these  several  conditions 
in  an  open  fire. 

Having  thus  described  generally  the  conditions  which  govern  combustion,  we 
will  proceed  to  mention  the  general  character  of  the  results  to  be  obtained  from  the 
combustion. 

Kadiant  heat  passes  through  moderate  tliicknesses  of  a^r  without  sensibly  heatmg 
the  air,  so  that  it  may  be  assumed  that  air  cannot  be  heated  by  the  direct  action  of 
the  radiant  heat  from  a  flame  or  an  open  fire ;  but  the  radiant  heat  warms  the  bodies 
which  intercept  the  rays,  and  these  bodies  warm  the  air.  For  moderate  tempera- 
tures the  emission  of  heat  from  bodies  by  radiation  is  proportional  to  the  difierence 
of  temperature,  but  for  high  temperatures  and  great  difierences  of  temperature,  the 
proportionate  emission  is  much  greater.  The  radiant  power  of  a  body  is  equal  to  its 
absorbing  power,  and  varies  with  the  nature  of  the  surface. 

The  passage  of  heat  through  a  body  by  conduction  varies  directly  with  the 
quality  of  material  and  with  the  difference  between  the  temperature  of  the  inner 
surface  exposed  to  the  heat  and  the  outer  surface  exposed  to  a  cooling  influence, 
and  inversely  as  the  thickness  between  the  surfaces.  Cop23er  is  a  better  material 
than  iron  for  conveying  the  heat  from  the  fire  to  water  or  air  ;  and  coverings  of 
brickwork,  wood,  or  woollen  fabrics  are  better  adapted  than  iron  for  retaining  the 
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Zr^rho  property  which  appears  more  than  any  other  to  make  materials  good 
nonlnduct^.  o'f  hL  is  their  porosity  to  air,  and  tire  fact  that  they  retam  «r  rn 

tWr  pores,  air  being  a  very  bad  conductor  of  heat.  . 

In  addRion  to  the  loss  by  conduction,  the  heat  which  has  been  comi^Qunicated  to 
a  soUd  body  is  given  out  from  it  by  racUation  and  by  contact  of  cooler  air;  the 
rnp^-dity  with  which  it  is  thus  given  out  depends,  in  the  case  of  radiation,  on  the 
niture  of  the  surface  of  the  body ;  and  in  the  case  of  loss  by  contact  of  air,  on  the 
fona  of  the  body  only.  The  various  modes  generally  in  use  of  applying  heat  may 
be  classed  under  open  fireplaces,  stoves,  and  hot-water  and  steam  pipes. 
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CHAPTER  LIII. 

OPEN  FIREPLACES. 

Advantages  of  an  Open  Fireplace-Early  Improvements-Permanence  of  General  Form-Description. 

and  Eesults  of  Various  Recent  Grates. 

Ax  open  fire  -arms  the  air  in  a  room  by  first  .^^arming  the  avails,  floor,  ceilin<. 
and  articles  m  the  room,  and  these  in  their  turn  warm  the  air.  Therefore  in°a 
room  with  an  open  fire,  the  air  of  the  room  is,  as  a  rule,  less  heated  than  the  walls, 
in  this  case  the  warming  of  the  air  depends  on  the  capacity  of  the  surfaces  on  which 
the  rays  impmge  to  absorb  or  emit  heat;  except  that  the  heat  received  by  the  walls- 
may  be  divided  into  two  parts,  one  part  heating  the  air  in  contact  with  the  wall 
and  the  other  passing  through  the  wall  to  the  outer  surface,  where  it  is  finally  dissi- 
pated and  wasted. 

The  open  fire  affords  the  simplest  and  most  efficient  form  of  outlet  shaft  for  ven- 
tilation, because  it  both  extracts  the  air  from  the  room  with  great  rapidity,  and  it 
causes  a  circulation  of  air ;  the  method  of  heating  by  means  of  the  open  fireplace  is 
also  in  accordance  with  that  of  the  sun— the  body  is  warmed,  but  the  air  remains 
cool ;  because  the  rays  from  the  sun  and  the  rays  from  a  fire  pass  through  the  air 
without  having  much  effect  in  warming  it. 

One  lb.  of  coal  is  more  than  sufficient,  if  all  the  heat  of  combustion  is  utilised, 
to  raise  the  temperature  of  a  room  20  feet  square  and  12  feet  high  to  10  degrees 
above  the  temperature  of  the  outer  air.  If  the  room  were  not  ventilated  at  all,  and 
the  walls  were  composed  of  non-conducting  materials,  the  consumption  of  fuel  to 
maintain  this  temperature  would  be  very  small ;  but,  in  proportion  to  the  change  of 
the  ail-  of  the  room  and  to  the  escape  of  heat  through  the  walls,  windoAvs,  ceiling,  ic, 
so  would  the  consumption  of  fuel  necessary  to  maintain  that  temperatn'-e  increase. 
If  the  volume  of  air  contained  in  the  room  above  mentioned  were  changed  every 
hour,  nearly  one  lb.  of  coal  additional  would  be  required  per  hour  to  heat  the 
inflowing  air  ;  so  that  to  maintain  the  temj^erature  at  10  degrees  above  that  of  the 
outer  air  during  12  hours  would  require  12  lb.  of  coal. 

The  principle  of  the  ordinary  open  fireplace  is  that  the  coal  shall  be  placed  in  a 
grate,  by  which  air  is  admitted  from  the  bottom  and  sides,  to  aid  in  the  combustion 
of  the  coal;  and  an  ordinary  fireplace,  for  a  room  of  20  feet  square  and  12 
feet  high,  will  contain  from  about  15  to  20  lb.  at  a  time,  and,  if  the  fire 
be  kept  up  for  12  hours,  probably  the  consumption  will  be  about  100  lb.  j  or 
the  consumption  may  be  assumed  at  about  8  lbs.  of  coal  an  hour. 

One  lb.  of  coal  may  be  assumed  to  require,  for  its  perfect  combustion,  IGO 
cubic  feet  of  atmospheric  air;  8  lb.  Avould  require  1,280  cubic  feet;  but  at. a 
very  low  computation  of  the  velocity  of  the  gases  in  an  ordinary  chimney-flue,  the 
air  would  pass  up  the  chimney  at  a  rate  of  from  4  to  6  feet  per  second,  or  from 
14,000  to  20,000  cubic  feet  per  hour;  Avith  the  chimneys  in  ordinaiy  use,  a  velocity 
of  from  8  to  12  feet  per  second  may  indeed  sometimes  prevail,  which  would  give 
an  outflow  of  air  of  from  2C,000  to  32,000  cubic  feet  per  hour.    This  air  comes- 
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into  the  room  cold,  and  when  it  is  beginning  to  be  warmed  it  is  dr&wn  away  up  the 
chimney,  and  its  place  filled  by  fresh  cold  air.  A  room  20  feet  square  and  12  feet 
high  contains  4,800  cubic  feet  of  space.  In  such  a  room,  with  a  good  fire,  the  air 
would  be  removed  4  or  5  times  an  hour  with  a  moderate  draught  in  the  chimney, 
and  6  or  8  times  with  a  blazing  fire.  The  atmosphere  of  the  room  is  thus  being 
cooled  doym  rapidly  by  the  continued  influx  of  cold  air  to  supply  the  place  of  the 
warmer  air  dra^vn  tip  the  chimney ;  and  General  Morin  estimated  that  of  the  heat 
generated  by  fuel  in  an  ordinary  open  fireplace,  about  one-eighth  only  is  utilised  in 
warming  the  air  of  the  room,  and  probably  about  two-eighths  are  absorbed  by  the 
walls,  ceiling,  floor,  &c.  &c.,  thus  leaving  about  five-eighths  to  be  lost  up  the 
chimney  by  imperfect  combustion  and  other  causes.  The  very  means  adopted  to 
heat  the  room  tend  to  produce  draughts,  because  the  stronger  the  direct  radiation, 
or  rather,  the  brighter  the  flame  in  open  fireplaces,  the  stronger  must  be  the 
draught  of  the  fire  and  the  abstraction  of  heat. 

A  fireplace  is  thus  powerful  enough  to  draw  into  the  room  all  the  air  it  wants ; 
and  for  this  purpose  will  use  indiscriminately  all  other  openings,  whether  inlets  or 
outlets,  if  necessary. 

The  way  in  which  an  ordinary  open  fireplace  acts  to  create  circulation  of  air  in 
a  room  with  closed  doors  and  windows  is  as  follows :  — The  air  is  drawn  along  the 
floor  towards  the  grate ;  it  is  then  warmed  by  the  heat  which  pervades  all  objects 
near  the  fire,  and  part  is  carried  up  the  chimney  with  the  smoke,  whilst  the  re- 
mainder, partly  in  consequence  of  the  warmth  it  has  acquired  from  the  fire,  and 
partly  owing  to  the  impetus  created  in  its  movement  towards  the  fire,  flows 
upwards  towards  the  ceiling  near  the  chimney-breast.  It  passes  along  the  ceiling, 
and  as  it  cools  in  its  progress  towards  the  opposite  wall,  descends  to  the  floor,  to'  be 
again  drawn  towards  the  fireplace. 

It  follows  from  this  that  with  an  open  fireplace  in  a  room  the  best  position 
in  which  to  deliver  the  fresh  air  required  to  take  the  place  of  that  which  has  passed 
up  the  chimney  is  above  the  projecting  chimneypiece,  and  at  any  convenient  point 
in  the  chimney-breast  between  the  chimneypiece  and  the  top  of  the  room,  for  the 
air  thus  falls  into  the  warmer  upward  current,  and  mixes  with  the  air  of  the  room 
without  perceptible  disturbance. 

The  open  fireplace  thus  presents  special  advantages  for  securing  eflScient 
ventilation  by  means  of  the  circulation  of  air  which  it  creates.  It  makes  the  room 
in  which  it  is  in  use  independent  of  other  means  of  extraction  of  air,  unless  the 
room  is  very  crowded,  or  beyond  the  size  for  which  the  fireplace  is  calculated 

The  air  thus  extracted  must  be  drawn  into  the  room  from  somewhere  aiid 
unless  arrangements  be  made  for  supplying  the  room  Avith  warmed  fresh  air,  cold 
air  finds  its  way  into  the  room  through  the  special  inlets,  if  they  are  provided ;  if 
not,  through  the  chinks  of  the  windows  and  doors,  or  wherever  it  can  get  in  most 
easily.  The  large  volume  of  fresh  air  required  to  supply  that  draAvn  up  the 
chimney  cannot  always  be  warmed  with  sufficient  rapidity  by  contact  with  the 
Avails  and  furniture  only ;  the  temperature  in  diff"erent  parts  of  the  room  is,  there- 
fore, frequently  very  unequal,  and  the  occupants  are  subjected  to  draughts. 

The  only  way  to  prevent  draughts  is  to  adopt  means  for  providing  fresh  warmed 
air  to  supply  the  place  of  that  removed.  But  the  temperature  at  which  the  air  is 
supplied  must  be  regulated  at  the  lowest  point  compatible  with  comfort— probably 
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in  this  country  about  54°  to  60°— or  else  one  of  the  chief  advantages  of  the  open 
fire  is  lost. 

There  are  many  cases,  in  old  houses  especially,  in  which  it  is  difficult  to  supply 
warmed  air  to  the  fireplace,  or  to  make  arrangements  for  its  admission  to  the  room. 

In  such  circumstances  the  form  of  the  grate  of  an  open  fire  and  its  size  in 
proportion  to  the  room  may  materially  afi"ect  the  question  of  draughts,  as  will 
appear  from  the  following  considerations. 

The  efi^ct  of  the  open  fireplace  on  warming  depends  on  the  radiant  heat  from 
the  fire ;  this  does  not  directly  Avarm  the  air  of  the  room;  the  rays  from  the  fire 
warm  the  sides  and  back  and  parts  adjacent  to  the  grate  ;  they  warm  the  .walls, 
floors,  ceiling,  and  furniture  of  the  room,  and  these  impart  heat  to  the  air. 

A  fire  with  a  bright  flame,  which  therefore  has  a  very  high  temperature,  is 
under  the  most  favourable  conditions  for  emitting  radiant  heat. 

The  form  and  material  of  the  fireplace,  as  well  as  the  material  of  the  surfaces 
on  which  the  rays  impinge,  can  thus  assist  materially  the  warming  of  the  air.  The 
rays  should  impinge  more  freely  on  the  walls  and  floor  than  on  the  ceilmg. 

A  chimneypiece  with  a  surface  favourable  to 
the  absorption  and  emission  of  heat  would  be 
favourable  to  the  warming  and  circulation  of 
the  air. 

The  nature  of  the  walls  and  furniture  Avill 
assist  in  warming  the  air.  In  an  ordinary 
fireplace  the  sides  should  be  splayed. 

Count  Rumford  pointed  out  the  advantages 
_  of  splaying  the  sides  and  back  of  the  fireplace 
in  1796.     In  those  days  large  square  fire- 
places were  in  use.      He  reduced  the  large 
fireplaces  by  means  of  tire-brick  sides  and  back.    The  accompanying  plan  shows 
the  method  he  suggested  (Fig.  212). 

This  system  has  been  generally  in  use  ever  since,  but  in  recent  years  our 
high  art  architects  are  gradually  reverting  to  the  old  form  of  fireplace  which 
Count  Rumford's  plans  superseded.  They  make  them  artistic  by  the  use  of  glazed 
tiles  at  the  sides  and  back.  This  shape  of  the  fireplaces  is  not  calculated  to  afi'ord 
the  room  the  full  benefit  of  the  rays  from  the  fire ;  but  there  is  a  great  advantage 
in  the  sides  and  back  being  made  of  glazed  tiles,  because  the  enamelled  surface 
emits  the  heat  more  rapidly  than  an  iron  or  plain  brick  surface  would  do.  If  the 
maximum  benefit  is  to  be  derived  from  an  open  fire  in  warming  the  air  of  a 
room,  the  sides  and  back  of  the  fireplace  should  be  of  non-conducting  material, 
with  a  surface  favourable  to  the  rapid  absorption  and  emission  of  heat,  and  of  such 
a  shape  as  to  radiate  the  heat  freely,  and  especially  to  the  lower  parts  of  the  room. 

The  size  of  the  fireplace  should  be  carefully  proportioned  to  the  size  of  the 
room,  and  the  area  of  the  chimney  must  be  proportioned  to  the  size  of  the  fire  and 
to  the  supply  of  air  for  the  room.  In  order  to  enable  it  to  act  with  the  gi-eatest 
degree  of  efficiency  in  producing  a  circulation  of  air  in  a  room,  the  fireplace  should 
be  placed  against  an  inner  wall  of  the  room ;  because  the  greater  degree  of  Avarmth 
prevailing  against  the  inner  wall  will  cause  the  circulation  of  the  air  wai-med  by 
the  grate  and  its  surroundings  to  be  more  efiiciently  maintained. 
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If  two  fireplaces  be  placed  in  a  room,  they  should,  unless  the  room  be  very 
large,  both  be  on  the  same  side  of  the  room,  and  if  shafts  are  required  for 
ventilating  a  room  in  addition  to  the  open  fireplace,  they  also  should  be  placed  on 
the  same  side  of  the  room  as  the  fireplace,  but  as  far  from  it  as  possible. 

By  carefully  attending  to  this  matter,  the  inconvenience  experienced  from 
-draughts  caused  by  open  fires  may  be  much  modified. 

The  most  remarkable  feature  about  the  open  fireplace  is  that,  although,  as  a 
a-ule,  we  apply  it  in  a  form  little  removed  from  that  in  use  1,000  years  ago,  it  has 
formed  the  subject  of  much  invention.  Mr.  Edwards's  very  interesting  book  on 
fireplaces  shows  how  much  ingenuity  has  been  exercised  upon  it.  The  outcome, 
however,  appears  to  be  that  if  raw  fuel  is  to  be  used  to  warm  our  rooms,  it  is  most 
convenient  to  apply  it  in  the  simplest  way.  And  a  simple  form  of  fireplace  which 
•will  with  comparatively  little  trouble  show  a  bright  flame  so  as  to  afibrd  radiant 
ieat,  and  which  will  at  the  same  time  utilise  some  of  the  heat  which  passes  up  the 
chimney  to  warm  moderately  the  air  which  supplies  that  removed  by  the  chimney, 
and  a  grate  which  will  at  the  same  time  produce  only  a  small  quantity  of  smoke,  is 
the  most  desirable  one  to  adopt,  so  long  as  we  adhere  to  open  fires.  But  if  the 
growth  of  our  cities  is  to  go  on  as  it  has  done  during  the  last  eighty  years,  we 
must,  in  the  interests  of  the  community,  adopt,  in  our  towns  at  least,  some  method 
of  warmth  which  will  not  so  completely  destroy  the  purity  of  our  air  in  the  winter 
as  the  open  fire  does. 

MeanwhUe,  it  is  interesting  to  consider  the  various  forms  of  grates  which 
modern  inventors  have  devised,  and  we  cannot  do  that  better  than  by  showing  what 
the  Smoke  Abatement  Exliibition  produced  in  1881  as  the  latest  outcome  of  the 
■question. 

The  grates  at  the  Smoke  Abatement  Exhibition  may  be  divided  into  the 
following  classes : — 

Class  1. — Open  grates,  having  ordinary  bottom  grids  and  upward  draught. 

„    2. — Open  gi'ates,  having  solid  floors,  adapted  for  "  slow  combustion,"  and  upward  draught. 
„    3. — Open  grates,  under-fed,  supplied  with  fresh  fuel  beneath  the  incandescent  fuel,  with 
upward  draught. 

.„    4. — Open  grates,  to  which  fresh  fuel  is  supplied  from  the  back,  or  from  the  sides,  or  irom 
hoppers. 

.„    5. — Open  grates,  having  a  downward,  or  a  backward,  or  a  lateral  draught. 

This  exhibition  contained  a  very  large  variety  of  grates  and  stoves.  A  certain 
number  of  these  grates  were  tested  for  temperature,  smoke-shade,  and  consumption 
•of  fuel,  by  Mr.  D.  K.  Clark ;  and,  as  already  mentioned,  the  gases  in  the  chimney 
were  subjected  to  analysis  by  Mr.  Chandler  Eoberts,  E.R.S.  The  result  of  the  testing 
was  the  selection  by  the  judges  of  a  certain  number  of  these  grates  for  awards. 

The  general  principles  which  governed  the  awards  are  stated  in  the  jurors' 
report  as  follows : — "  In  recommending  the  awards  that  should  be  made,  we  have 
■considered  that  one  of  the  chief  essentials  of  a  grate  or  a  stove  should  be  that  no 
noxious  fumes  should  be  given  off  into  the  apartment ;  and  another — in  the  case  of 
open  fireplaces — that  there  should  be  abundance  of  radiant  heat.  Subject  to  these 
■considerations,  we  believe  that  apparatus  to  be  most  worthy  of  recognition  in  which 
the  ratio  of  heating-power  to  the  amount  of  smoke  produced  is  the  greatest.  Other 
considerations  are  :  combination  of  heating  with  ventilation  ;  economy  of  fuel  aoid 
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labour;  simplicity  of  construction  and  of  working;  cheapness  and  durability;  adap- 
tability to  existing  arrangements ;  appearance ;  and  these  will  doubtless  influence 
purchasers  considerably  in  their  choice.  But  we  are  of  opinion  that— in  determinincr 
our  action  as  to  awards  in  this— which  is  a  Smoke  Abatement  Exhibition,  and  nob 
an  ordinary  show  of  grates  and  stoves— these  latter  considerations  should  have  small 
weight  as  compared  with  the  main  point  of  ratio  of  heating-power  to  smoke 
given  off." 

The  experiments  are  of  especial  interest,  as  being  almost  the  first  experiments, 
on  a  hirge  scale  where  the  various  conditions  of  open  fireplaces  have  been  thoroughly 
examined,  and  we  would  commend  the  report  to  a  careful  study.  * 

We  have  selected  from  the  report  of  the  Smoke  Abatement  Committee  the  more 
important  tests  made  on  the  successful  stoves,  that  is  to  say,  those  which  received 
awards.    These  are  shown  in  the  following  tables. 

These  statements  show  the  general  characteristics  of  the  grates  which  were 
tested,  viz.,  the  fuel  consumed,  the  heat  given  out,  and  the  relative  degree  of  smoke. 
The  quality  of  smoke-shade  is  indicated  by  numbers  increasing  progressively  from 
0  to  10. 


CLASS  I. 

Open  Grates,  liaving  Ordinary  Bottom  Grids,  and  Upward  Draught. 


Name  op 

ExUiBITOtt. 


Descriptios. 


TEMPERATUnES.  CliniXEY. 


c  o 


ClIEJIIfAL 
TE.-.TS. 


§3 

5  ° 


t8s 


o 


t  o  a  : 
8£§i 


O  < 


M  Perret. 
M.  Perret. 


Bosser  and 
Russell. 


G.  Haller 
&  Co. 


E.  H.  Shor- 
land. 


Anthracite  and  Coke. 

C    "Itudi.ating  Stove,"  to  burn  nnthrncite." 

Back,  sides,  nnd  floor  of  fire-brick;  al?o 
J  flre-brick  slab  to  fonii  a  roof,  sloped  slij-'litly 
i  uinvards  so  as  to  assist  in  radiating  beat. 

Tbe  u'rate  consists  of  bars  foruiiug  the 
l^bottom  and  tbe  front. 

■    Same  as  above,  burning  Antbracite. 


Bituminous  Coal. 

•  Fire-clay  Stove.  All  of  fire-brii'k,  except^ 
a  narrow  section  of  tbe  grate,  forming  tbe 
front  part  of  the  floor.  Tbe  back  is  deeply 
fluted.  Tbe  draught  passes  up  in  tbe  flutes, 
and  is  reversed  downwards  behind  the  b;ick 
of  the  grate,  whence  it  is  carried  ott'  to  the 
chiiuney.  Fresh  air  is  heated  wiihin  tbe  fire- 
brick sides  of  the  grate,  which  are  huIlo%v, 
and  is  delivered  into  the  room. 

The  products  of  combustion  pass  up  nnd^ 
down  a  number  of  larire  iiipcs  grouped  within 
■I  a  sheet-iron  casing,  into  which  fresh  air  is  )■ 

admitted.   The  air  is  heated  and  delivered 
Linto  tbe  room.  -J 

■  "  The  Manchester  Grate,"  G.  L.  Sliorlanrt's' 
patent.  An  ordinary  grate,  with  flre-brick 
lining.  Narrow  slit  through  back.  2  in.  by 
J  in.,  for  air  to  enter  into  tbe  body  of  the  Are. 
Kresb  .air  is  admitted  from  below,  over  the 
back  and  sides,  which  are  Billed,  and  rises 
into  two  pipes  to  supply  other  rooms  with 
'^waimair. 
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GALTOX'S  OPEN  GRATE. 
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The  Smoke  Abatement  Committee,  in  speaking  of  this  class  of  grate,  wliich  may 
be  said  to  include  all  ordinary  grates,  and  in  which  the  fuel  is  supplied  at  the  top 


Pig.  213.— Graltou's  Grate,  slio^ving  also  tlie  Currents  of  Air  in  a  Eoom. 


and  the  draught  is  upwards,  say,  "The  grate  devised  by  Captain  Galton,  E.E., 
about  twenty-two  years  ago,  for  use  in  barrack-rooms,  and  adopted  for  tliat  purpose 


— Flan- 

Fig.  214.— Galton's  Grate. 

by  the  War  Office,  deserves  notice."  The  jury  of  the  Smoke  Abatement  Exhibition 
add  to  their  report  that,  "  On  account  of  the  position  occupied  by  Captain  Galton, 
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With  regard  to  the  movement,  this  grate  was  not  shown  in  competition,  and  was 
therefore,  not  tested  in  the  testing-house,  which  is  unfortunate,  as  it  might  at  least 
have  served  as  a  standard  of  comparison ;  and  we  believe  it  to  be  certainly  one  of 
^the  most  effective  of  the  grates  in  the  exhibition."    It  is  termed  the  "  Ventilating 
Fireplace"  (see  Figs.  213  and  214).  ° 

In  order  to  diminish  the  smoke,  a  portion  of  the  air  which  feeds  the  fire  is 
brouglit  on  to  the  top  of  the  Lncandescent  coal  at  the  back  of  the  grate  after  it  has 
been  warmed  by  contact  with  the  hot  fire-brick  back.  This  forms  a  sort  of  baflle, 
which  brings  the  warmed  air  into  contact  with  tlie  fire. 

Fresh  air  is  admitted  from  the  outer  air  at  the  back,  where  it  is  warmed  by  a 
large  heating-surface,  and  then  carried  by  a  flue,  adjacent  to  the  chimney-flue,  to 
the  upper  part  of  the  room,  where  it  flows  into  the  currents  which  already  exist  in 
the  room.  This  fireplace  preserves  an  equable  temperature  all  over  the  room,  and 
provides  a  large  amount  of  fresh  air,  warmed,  but  not  unduly  heated. 

The  following  is  the  result  of  General  Morin's  experiments  on  tliis  ventilating 
fireplace,  showing  the  heat  utilised  on  the  air  of  a  room  in  proportion  to  the  fuel 
burnt ;  there  would  be  in  addition  the  heat  absorbed  by  the  walls,  ceiling,  and 
floor,  which,  assuming  a  cheerful  fire  to  be  maintained  in  both  cases,  would  be  much 
the  same  ;  and,  as  before  mentioned,  would  amount  in  addition  to  about  two-eighths, 
or  -25,  of  heat  given  off  by  the  fuel. 

Ordinary  open  fireplace. — Heat  utilised  on  the  air  of  a  room  =  0-125  of  heat 
given  off  from  fuel. 

Gal  ton's  ventilating  fireplace. — Heat  utilised  on  the  air  of  a  room  -  0-355  of 
heat  given  ofi"  from  fuel. 

To  produce  the  same  degree  of  warmth  in  the  air  of  a  room,  Galton's  fire- 
place requires  only  one-third  of  the  quantity  of  coal 
requii-ed  by  an  ordinary  fireplace,  and  whilst  the  total 
heat  utilised  in  the  ordinary  fireplace  experimented  on 
by  General  Morin  upon  air,  walls,  ceiling,  floor,  etc., 
would  amount  to  '375  of  that  given  out  by  fuel,  the  total 
heat  similarly  utilised  by  the  Galton  fireplace  would  be 
at  least  -6  of  that  given  out  by  the  fuel. 

The  simplest  form  in  which  a  bafile  for  compelling 
the  gases  from  coal  to  mix  with  air  in  presence  of  the  in- 
candescent fuel  is  the  one  shown  in  the  accompanying 
sketch  (Figs.  215  and  216).    The  sides  and  back  are 


PLAN 

rig.  215. 


SECTION 

Fiff.  216. 


splayed,  and  of  fire-brick  with  glazed  faces.  The  cradle  which  holds  the  fuel  is 
T'ecessed  about  eight  inches,  as  shown  in  the  sketch.  The  back  of  the  cradle  is 
formed  of  a  fire-brick  slab  with  corrugations  at  the  back.     This  slab  rests  against 
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the  back  wall  and  the  grooves  caused  by  the  corrugations  form  tubes  tWig^J, 
which  It  Torn  s  up  at  th^  back  of  the  cradle  which  holds  the  fuel,  and  xs  deflected 
W  theTop  of  the'recess  on  to  the  surface  of  the  fuel.  The  air,  bemg  heated  by 
contact  w' h  the  face  and  flanges  of  the  fire-clay  slab  at  the  back,  xs  thus  prepared 
to  unite  with  the  gases  from  the  coal,  and  thus  causes  a  brxght  flame  Iix  orck^r 
somewhat  to  check  the  combustion  of  the  lower  strata  of  fuel,  the  bottom  of  the 
fireplace  is  made  of  fire-clay,  and  is  solid  except  for  one-third  of  xts  area  xn  the 
centre,  which  is  provided  with  an  iron  grating. 

This  -rating  allows  air  to  penetrate  to  the  fuel  at  the  back  of  the  grate,  and 
thus  keep^t  in  an  incandescent  state.  The  defect  of  solid-bottomed  grates  xs  that 
the  fuel  at  the  back  cannot  attain  an  adequ&te  degx-ee  of  heat  to  gxve  ofi-the  gases^ 
at  an  adequate  temperature. 

The  principle  of  admitting  fresh  air  to  a  room  warmed  by  a  fireplace  has  been 
largely  applied  in  recent  years;  and  for  old  houses,  where  it  is  troublesome  to  cut 


Tig.  217. 


Fig.  218. 


into  the  chimney-breast,  the  air  must  be  bx'ought  into  the  room  at  the  top  of  the 
air-chamber  either  below  or  just  above  the  chimneypiece. 

In  cottages  it  can  be  done  very  efficiently  by  means  of  the  grate  used  il^ 
barracks  for  married  soldiers'  quarters,  which  is  described  farther  on. 

In  ordinary  houses,  where  the  cutting  of  the  walla  is  inconvenient,  the  use  of 
Griffin's  grate  (Figs.  217,  218)  will  be  fouxxd  to  be  advantageous. 

In  this  grate  the  sides,  back,  and  floor  of  the  fireplace  are  of  iron,  perforated  so 
that  air  enters  into  the  fireplace  on  all  sides.  The  back  and  flaxxks  of  the  grate  are 
of  cast-iron,  with  shallow  gills  cast  on  the  back  surfaces,  filled  up  flush  with  fire- 
clay to  1  inch  in  thickness.  The  roof  also  is  coated  with  fire-clay.  Extex'nal  air  is 
admitted  into  a  chamber,  c,  behind  the  grate,  and  is  warmed,  and  then  delivered  into 
the  room  at  the  upper  part.  This  grate  is  economical  to  fix,  and  it  maintains  a 
very  even  temperature  in  the  room.  Messrs.  Boyd  have  long  made  a  fireplace- 
which  warms  fresh  air,  and  which  afibrds  good  results. 
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For  fireplaces  m  the  centre  of  a  hall  or  ward,  the  one  adopted  in  the  Herbert 
Hospital  IS  a  convenient  form.  The  chimney  passes  under  the  floor,  and  is  placed 
in  the  centre  of  the  flue,  which  brings  in  the  fresh  air  which  is  to  be  warmed  by 
means  of  the  fireplace;  by  this  means  more  than  36  superficial  feet  of  heatin^ 
surface  have  been  obtained  for  warming  the  air  in  addition  to  the  heating-surface 
afforded  by  the  air-flues  in  the  fireplace;  moreover,  by  this  means  the  cold\ir  first 
comes  m  contact  with  the  less-heated  part  of  the  flue.  The  advantage  of  this 
arrangement  is  that  the  rate  at  which  heat  is  communicated  to  the  aii-  by  any 
heated  surface  depends  upon  the  excess  of  the  temperature  of  that  surface  above 
the  adjacent  air ;  and  the  temperature  of  the  smoke-flue  diminishes  in  proportion 
to  Its  distance  from  the  fire ;  therefore,  by  bringing  the  cool  air  first  in  contact  with 
the  coolest  part  of  the  smoke-flue,  the  latter  conveys  a  larger  proportion  of  its  heat 
to  the  air  than  it  would  do  if  the  air  was  warmed  before  it  came  in  contact  with 
the  cooler  part  of  the  flue. 

The  fire  stands  in  an  iron  cradle  fitted  to  the  fire-clay  back  and  sides,  ard 
a  current  of  air  is  brought  through  the  fire-clay  at  the  back,  where  it  becomes 
heated,  on  to  the  top  of  the  fire  to  assist  the  combustion,  and  thus  prevent  smoke. 
The  top  of  the  stove  is  coved  inside,  to  lead  the  smoke  easily  into  the  chimney. 
The  main  body  of  the  stove  is  a  mass  of  fire-clay,  with  flues  cast  in  it,  up 
which  the  fresh  air  passes  from  the  horizontal  air-flue  already  mentioned,  in  which 
the  chimney-flue  is  laid.  Thus,  all  parts  of  the  stove  employed  to  warm  the  fresh 
air  with  which  the  fire  has  direct  contact  are  of  fire-clay. 

This  is  especially  essential  in  hospitals,  where  every  element  of  possible  impurity 
■of  air  should  be  avoided.  The  sectional  area  of  the  fresli-air-flue  with  this  arranfe- 
nient  of  grate  may  be  one  square  inch  for  every  100  feet  of  cubic  contents  of  the 
spaces  to  be  warmed,  for  favourable  situations  ;  but  in  cold  or  exposed  localities 
a  less  area  may  be  allowed. 

The  horizontal  chimney -flue  in  the  Herbert  Hospital  firej^laces  is  formed  of 
two  layers  of  sheet-iron,  separated  by  a  thin  layer  of  fire-clay,  so  as  to  prevent 
over-heating  of  the  surface,  and  it  is  about  110  square  inches  in  area. 

The  horizontal  chimney-flue  terminates  in  a  vertical  flue  in  the  side  wall,  which 
should  be  rather  larger  in  area  than  the  horizontal  flue.  This  vertical  flue  is 
carried  in  the  upper  floors  to  a  height  of  double  the  length  of  the  horizontal 
flue,  and  is  carried  down  to  the  basement,  whence  it  can  be  swept.  The  points 
of  connection  between  the  horizontal  chimney  with  the  descending  flue  from 
the  fireplace,  and  with  the  ascending  flue  in  the  wall,  are  very  carefully  rounded,  as 
this  is  essential  to  assist  the  passage  of  the  smoke.  The  horizontal  flue  is  swept 
irom  an  oj)euing,  to  which  access  is  obtained  by  taking  up  a  movable  board 
in  the  floor,  and  by  pushing  a  brush  along  the  flue,  and  thus  forcing  the  soot 
into  the  vertical  flue,  whence  it  falls  down  and  is  removed  at  the  opening 
in  the  basement. 

There  is  placed  a  spare  flue  by  the  side  of  the  vertical  flue,  terminating 
in  a  fireplace  in  the  basement,  which  enables  the  vertical  flue  to  be  warmed, 
so  as  either  to  make  it  draw  when  the  fire  is  first  lighted,  or  to  enable  a  current 
to  be  maintained  for  ventilating  purposes  through  the  fireplace  when  the  fire 
is  not  lighted.  The  portion  of  floor  over  the  horizontal  flue  should  be  so  constructed 
■aa  to  be  taken  up  in  order  to  enable  the  aii'-flue  to  be  easily  and  thoroughly  cleaned 
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periodically.  Fig.  219  shows  a  fireplace  on  a  somewhat  similar  form,  made  by 
Messrs.  Rosser  and  Russell. 

Ferret's  grate,  for  anthracite,  develops  great  heating-power  and  radiation,  tlie 
tests  showing  that  the  combustion  of  fuel  was  fairly  perfect.    The  grate  is,  as  far 


Fig.  219. — Bosser  and  Ewssell's  Centre  Grate. 


as  we  know,  a  complete  novelty.  The  recess  of  the  fireplace  is  lined  with  fire-brick 
at  the  sides,  back,  and  top,  a  narrow  slit  of  2h  inches  wide  being  left  at  the  front 
edge  of  the  top  for  the  escape  of  the  products  of  combustion.  The  fire  is  made  in 
an  open  iron  baaket-grate,  set  against  the  back  of  the  recess,  and  supported  on  iron 
legs.  The  whole  of  the  interior  of  the  recess  becomes  very  much  heated,  and  there 
is  a  powerful  radiation  from  it.  A  possible  objection  to  this  grate  w^ould  seem  to 
be  that,  under  adverse  circumstances,  the  products  of  combustion— apparently  so 
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particularly  irritating  in  the  case  of  antliracite— might  be  diffused  into  the  apart- 
ment. 

The  next  class,  very  open  grates  with  solid  floors,  is  one  which  has  obtained  a. 
large  development  in  recent  years. 

Before  proceeding  to  consider  it,  it  may  be  mentioned  that  Mr.  T.  Pridgin  Teale, 
of  Leeds,  has  suggested  An  arrangement  which  retains  the  open  grid  ;  and,  whilst 
checking  the  bottom  draught,  keeps  up  the  combustion  and  retains  heat  better- 
than  a  closed  bottom  to  the  grate.  It  is  on  the  principle  of  the  closed  ash-pans. 
In  advocating  the  arrangement,  Mr.  Teale  remarks  that  the  principle  of  slow  com- 
bustion of  coal  in  house  fires  depends  upon  two  conditions  in  combination.  One  of 
these  conditions  is  that  no  current  of  air  should  pass  through  the  grate  beneath  the 
fire  ;  the  other  was  that  the  space  or  chamber  under  the  fire  should  be  kept  hot  by 
being  shut  off  from  the  outer  air.  Others  had  made  this  discovery  before  him,  and 
had  embodied  it  in  the  construction  of  slow-combustion  stoves ;  but,  as  far  as  he- 
knew,  nobody  had  taught  tlie  public  how  this  principle  might,  at  the  cost  of  a  few 
shillings,  be  beneficially  applied  to  every  ordinary  house  stove.  Combustion  could 
be  retarded  by  cutting  off  the  current  of  air  which  passed  underneath  the  fire.  This 
retardation  of  combustion  had  been  attained  mainly  by  three  methods — first,  by  an 
iron  plate  resting  on  the  gi-ating  and  closing  the  slits  against  all  passage  of  air. 
This  method  made  a  fire  burn  slowly,  saved  coal,  but  usually  ruined  the  fire.  The 
second  method  employed  had  been  by  the  substitution  of  solid  fire-brick  for  the  open 
chamber  beneath  the  fire.  The  solid  fire-brick  far  surpassed  the  simple  iron  plate, 
as  it  became  heated,  and  made  a  bright  fire ;  but  when  the  fire  burned  low  the 
brick  cooled,  and  the  fire  did  not  quickly  revive  when  mended,  and  towards  the  end 
of  the  day  the  range  became  untidy  from  the  accumulation  of  cinders  and  ash.  In 
the  third  method,  the  space  or  chamber  under  the  fire,  and  the  open  grating,  were- 
retained,  but  the  chamber  was  shut  in  in  front  by  a  shield,  or  door,  by  which  all 
current  of  air  was  cut  off  from  the  bottom  of  the  fire,  whilst  the  chamber  itself  was 
kept  hot.  Mr,  Teale's  plan  is  to  place  a  shield  resting  on  the  hearth,  and  rising  as- 
high  as  the  bottom  bar  of  the  grate,  which  forms  a  chamber  closed  from  the  air  of 
the  room,  under  the  grate.  He  calls  this  an  "  Economiser,"  because  of  the  saving 
of  fuel  it  effects.  It  is  perfectly  simple,  and  can  be  applied  to  any  ordinary  grate. 
Mr.  Teale  says  that  in  the  ordinary  grate  the  cinders,  t  s  they  reach  the  bottom 
of  the  fire,  cool  down  below  their  eombustion-point,  choke  the  grate  with  the  ash, 
and  in  time  put  out  the  fire,  unless  the  dead  obstructive  cinders  are  poked  out  and 
the  draught  restored.  Whereas,  by  the  use  of  the  "Economiser,"  the  bottom  of  the 
fire  is  kept  hot,  and  the  cinders  remain  at  combustion-point  on  the  iron  grid  until 
reduced  to  a  fine  ash,  which  drops  through  the  bars,  and  thus  the  fire  clears  itself. 
The  advantages  which  Mr.  Teale  claims  for  forming  this  heated  chamber  under  the 
grate,  which  he  calls  an  "Economiser,"  are — first,  saving  of  fuel;  secondly,  more 
uniform  heat;  thirdly,  the  longer  keeping  in  of  the  fire  without  watching; 
fourthly,  the  diminished  soot,  and  fewer  ashes  to  remove ;  fifthly,  the  cheapness  of 
the  arrangement,  as  it  involves  siniply  placing  a  sheet-iron  shield  under  an  existing 
fireplace. 

It  is  to  be  regretted  that  this  arrangement  was  not  brought  to  notice  for  trial 
at  the  Smoke  Abatement  Exhibition. 
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CLASS  II. 

Open  Grates,  having  Solid  Floors,  adapted  for  Slow  Combustion  and  Upward  Draught. 


Dkboeiptios. 


Bituminous  Coal. 

Dr.  Arnott'B  Grate :  Slow  comlrastion.  Fire^ 
is  made  up  for  ttie  day  on  a  grid,  movable  I 
vertically  by  a  screw  motion.  It  is  lit  at  tbe  >■ 
top,  and  burned  downwards,  and  is  elevated 
as  required,  so  as  to  maintain  one  level  of  lire.  J 

This  grate  is  a  modiUcation  of  Ingram's 
Kaio-Kapnos  prate,  'i'lie  back  and  sides  are 
blocks  of  flre-ciay.  The  floor  also  is  of  fire- 
clay, and  is  solid.  Tbe  draught  passes  direct 
from  the  fire  through  tbe  back,  which  con- 
sists of  a  number  of  upright  slabs  of  fire-clay, 
having  through  air-spaces  Ijetween  them, 
resting  on  the  floor  and  reared  up  ag.'iinst  the 
back.  The  driuigbt  passes  downwards  to- 
wards the  ash-pan  below  the  floor-slab,  whence 
it  passes  backwards  through  a  perforated 
block  of  flre-clay  into  aflue  which  rises  behind 
the  back  of  the  grate,  and  is  enclosed  with 
iron.  The  draught  may  be  partiallj;  directed 
uijwards  through  the  register,  dispensing 
with  the  backward  movement.  Str.iy  gases 
risin;;  upwards  pass  olt,  through  two  small 
openings  at  tbe  upper  part,  into  a  flue  at  each 
side  of  the  grate,  downwards  into  the  ash-pan, 
whence  they  pass  through  to  the  back  flue. 
In  passing  through  the  perforated  block,  such 
of  these  gases  as  are  unburned  are  likely  to 
be  consumed. 

•'  Tile  Grate."  Formed  of  fire-clay,  on  a  fire-' 
clay  hearth.  The  fuel  is  laid  on  the  hearth, 
guarded  by  a  grid  in  fi-ont,  which  stands  on 
the  hearth,  and  can  be  placed  in  any  position 
required.  The  back  is  sloped  forward  on  the 
hearth.  The  fuel,  piled  up  against  the  bick, 
burns  away  mostly  at  the  upper  part,  where 
the  current  of  air  strikes  on  the  top  of  the 
fuel,  on  its  way  to  the  chimney.  The  heap  of 
fuel  partly  projects  into  the  room,  nnd  heat 
is  radiated  freely.  The  flanks  of  the  fireplace 
are  sjilayed,  so  as  to  f  m'ther  promote  radiation 
of  heat. 


3-9 


TEMPEEATUnES. 


1-14 


Deg. 
F. 


32-0 


314i 


0-4 


Sloi  0-U 


60-8 


Deg. 
F. 


4414 


71-8 


42-0  66-71 


o  s 


tea 


Deg. 
F. 


11-46 


135 


12  75 


CHIMNEY. 


Feet 
per 
min. 


430-0 


42-0 


2910 


O  3 


OO 
03  "M 
"° 

a  o 
8  go 

—  ajo 

O  to  4 
H  so 


Deg. 
F. 


155-0 


240-0 


144-0 


Chpmtcal 
Tests. 


5;  Qj  » 
•gtcO  . 


W'^frt  to 

§13  a  cj 
-So" 


233 


48 


68 


70 


mm 


No. 


3-10 


1-35 


1  33 


The  oldest  form  of  these  grates  with  solid  floors  is  that  of  Arnott,  which  was 
proposed  by  him  some  forty  years  ago.  In  this  grate  there  is  a  chamber  which  is 
filled  -with  coal ;  the  fire  is  lighted  at  the  top,  and  gradually  burns  downwards ; 
the  bottom  of  the  chamber  is  made  to  move  up  as  the  top  layer  is  consumed ;  and 
all  the  gases  which  are  distilled  from  the  coal  pass  up,  and,  mixing  with  the  air  at 
the  top,  create  flame. 

At  the  Smoke  Abatement  Exhibition,  the  nearest  to  it  in  principle  was  that 
shown  by  Edwards  and  Son,  in  which  the  bottom  of  the  grate  is  fixed,  but  the  fuel 
bums  downwards,  and  a  counterbalanced  shutter  m  front  of  the  bars  determines 
the  level  at  which  air  is  admitted  to  the  fire,  and  consequently,  that  of  active 
combustion.  The  results  of  the  testing  were,  however,  disappointing,  as  they 
showed  that  the  fuel  was  not  burnt  to  advantage,  and  a  considerable  amount  of  smoke 
was  produced.  The  fault  of  the  Arnott  grate  would  appear  to  be  that  it  does  not 
39 
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bring  air  to  the  back  of  tlie  fire,  so  as  to  be  in  a  position  to  mix  with  the  gases  at 
the  bai;k  as  they  leave  the  solid  fuel,  and  create  flame ;  consequently,  the'^Arnott 
fire  IS  almost  always  a  dull  fire.  Messrs.  Barnard  and  Bishop's  Glow  Fire  was 
intende.d  to  remedy  this.  It  brings  up  a  current  of  air  from  the  ash-pit  through  a 
slit  in  the  fire-clay,  under  a  curved  surface,  or  "  baffle,"  arranged  to  throw  the  air 
on  to  the  top  of  the  fire.  It  would  be  of  advantage  if  this  air  could  be  more  highly 
heated  on  its  arrival  on  the  top  of  the  fire,  but  this  could  only  be  done  provided  the 
principle  of  the  solid  bottom  were  somewhat  departed  from,  and  air  aUowed  to  pass 
to  the  coals  at  the  back,  so  as  to  produce  combustion  at  the  face  of  the  fire-brick 
back.  Although  not  thoroughly  satisfactory  as  a  smoke-consumer,  the  grate 
was  decidedly  efficient,  in  that  it  caused  a  rise  of  temperature  in  the  test-room  of 
four  degrees  Fahrenheit  per  pound  of  fuel. 

The  next  class  is  one  which  offers  many  advantages  as  a  means  of  preventing 
smoke,  because  the  gases  from  the  fresh  coal  are  compelled  to  pass  through  the 
incandescent  coal,  and,  provided  these  gases  are  supplied  with  a  siifficiency  of  aii-  at 
a  high  temperature,  the  smoke  would  be  prevented. 


CLASS  III. 
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Brown  & 
Green. 
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'  "Smoke-consuming Register  Stove."  Fuer 
is  placed  on  a  shelf  or  sloping  mouth  at  the 
front  of  the  grate,  level  with  the  bottom,  and 
is  pressed  into  and  below  the  Hre  by  means  of 
a  tlat-Ironted  utensil.  The  back  of  the  grate 
is  inclined  forward  at  the  bottom,  so  as  to 
narrow  the  area  of  the  erid,  and  cause  the 
fuel  to  slide  forward  as  it  burns  away.  The 
back  is  slotted,  to  admit  air  to  the  lire.  Be- 
hind the  back  there  is  an  upright  wall  of  fire- 
tile,  by  which  the  air  at  the  back  is  warniod.^ 
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Although  the  system  of  under-feeding  appears  to  be  generally  efiective  in 
reducing  the  amount  of  smoke,  it  will  be  perceived  that  the  character  of  the  smoke- 
shade  does  not  shoAV  such  good  results  as  might  have  been  expected.  The  live 
coals  are  at  the  top,  and  therefore  there  is  powerful  radiation  from  them,  which  is 
not  much  reduced,  as  is  the  case  in  top-fed  grates  when  fresh  coal  is  put  on. 
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Of  the  arrangements  for  direct  xmder-feeding,  that  of  Brown  and  Green  appeared 
to  be  the  best,  from  a  practical  point  of  view.  Fresh  fuel  .s  supplied  by  bemg 
placed  on  the  urved  ledge  which  projects  from  the  bottom  of  the  grate,  and  it  xs 
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!-Prevention  Grate. 


then  forced  under  the  incandescent  coal  in  the  grate  by  means  of  a  specially- 
constructed  shovel ;  this  grate  also  gave  the  best  results  of  any  of  the  grates  which 
were  tested  at  the  Exhibition  for  bituminous  coal.  We  annex  drawings  of  thig 
grate,  Fig.  220. 

There  were  other  forms  of  underfeeding  the  fire  exhibited.  Amongst  these  may 
be  mentioned  taper  shovels  for  supplying  fresh  fuel  under  the  fire. 

In  coimection  with  this  mode  of  feeding  may  be  mentioned  Kaulbach's 
"  PhcEbus  "  Eeversible  grate.  The  basket  is  cubical,  made  of  ornamental  grating, 
admitting  air  to  the  fuel  at  every  side.  The  basket  is  suspended  on  two  trunnions, 
which  are  supported  by  carriages  that  travel  on  rails.  Thus,  the  fire  can  be  brought 
forward,  or  pushed  back,  and  the  temperature  of  the  apartment  regulated  accord- 
ingly. A  simple  mechanical  arrangement,  concealed  in  one  of  the  carriages,  and 
consisting  merely  of  a  pinion  and  screw,  enables  the  basket  to  be  instantly  reversed 
after  re-feeding.  The  fire  is  lighted  from  the  top  and  burns  downwards,  consuming 
its  own  smoke.  The  grate  was  submitted  to  a  partial  test,  for  smoke-shade;  during 
the  first  hour  there  was  no  visible  smoke,  afterwards  the  smoke -shade  varied  from 
No.  1  to  No.  2  ;  and  the  average  smoke-shade  for  the  whole  time  of  test,  viz.,  three 
hours,  was  1-13. 

Somewhat  similar  in  principle  were  the  hopper  grates,  included  in  the 
following  class.  The  best  results  were  given  by  those  of  Hoolo  and  of 
Stanley. 
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CLASS  IV. 

Open  grates  to  which  fresh  fuel  is  supplied  from  the  had,  or  from  the  sides,  or  from  hopp 
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Hoole's  grate  was  decidedly  the  most  efficient  in  radiating-power  of  all 
the  grates  in  its  class — owing  to  the  excellent  conical  reflector,  by  Avhich 
the  heat  radiated  obliquely  from  the  fire  was  effectively  reflected  into  the 
room. 

Amongst  the  other  grates  of  this  class  may  be  mentioned  that  of  Messrs. 
Musgrave  and  Co.,  termed  the  "  Ulster  Smokeless  Stove  Grate."  The  sides  and 
floor  are  of  fire-brick.  A  hopper  is  constructed  at  the  back  of  the  fire,  to  hold  a 
supply  of  coals,  which  descends  as  it  is  burned  away,  and  passes  into  the  fireplace 
at  the  back,  through  a  large  opening  at  the  lower  part  of  the  hopper.  The  fuel  is 
loosened  as  required,  and  pushed  into  the  fire  by  means  of  a  lever.  Fresh  air  is 
admitted  at  the  back  of  the  grate,  and  is  delivered  warm  into  the  room.  A 
perforated  rolling  curtain,  made  to  slide  up  and  do^vn,  acts  as  a  blower,  whilst 
permitting  the  fire  to  be  seen  through  it. 

We  may  also  notice  Archibald  Smith  and  Stevens'  grate,  termed  the  Russell 
"  Wonderful  Grate,"  in  which  fresh  coal  is  supplied  from  a  hopper  above  the  grate, 
at  the  fi'ont,  passing  backwards  and  downwards,  and  delivering  the  coal  at  the  back 
of  the  grate.  The  grate  stands  forward,  so  as  to  present  two  open  sides  as  well  as 
the  front,  for  radiation. 

The  next  class  is  based  on  a  principle  the  reverse  of  that  of  the  underfed  grates. 
This  principle  is  to  draw  down  the  gases  from  the  fresh  fuel  through  the  in- 
candescent fuel  which  lies  below,  and  then  to  pass  the  fumes  into  the  chimney.  It 
will  be  seen  that  the  number  of  awards  made  to  this  class  exceeded  in  number  those 
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made  to  other  classes;  and  as  smoke-preventing  grates  there  were  some  which 
presented  a  very  high  degree  of  efficiency. 

CLASS  V. 

Open  grates  having  a  downward  or  a  haelcward  or  a  lateral  dravght.  
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BiTUMrNous  Coal  [continued). 
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I  brick  lining  and  Boor.  Tlie  gases  pass  tbrougn 
I  tlie  hack  and  downwards,  and  under  the  floor 
-  of  the  grate  to  the  Irout;  thence  under  a 
horizontal  partition  plate,  to  the  back,  and 
up  the  chimney.  The  draught  may  be  parti- 
.ally  or  wholly  carried  directly  upwards. 

r  Heeve  and  Henry's  Smoke  Purifier.  Hob-" 
grate.  The  bottom  grid  is  dosed  by  a  sheet- 
iron  plate  applied  below  it.  The  draught  is 
direct,  through  slits  In  the  back,  into  a  filter 
bed  or  box  containing  iron  turnings,  which, 
becoming  red-hot  consume  the  smoke.  The 
burnt  gases  pass  t«  the  chimney.  A  shallow 
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back,  Is  warmed.  The  wanned  air  passes  ol£ 

jnto  the  room  by  side  openings. 

The  "  Vencedor "  downward-draught  Are' 
has  a  solid  bottom,  on  a  plate  formed  with 
gills.  Air  is  .admitted  below  llie  plate,  pass- 
ing between  the  gills, and  isheated.  It  passes 
to  the  back,  and  meets  incandescent  fuel  at 
-i  the  back  angle  of  the  llreplace,  which  isopen  ( 
there.  The  cuiTent  passes  into  a  back  chamber  I 
of  fire-brick.  The  stray  gases  passing  to  the  | 
upper  part  of  the  gr.-ite,  are  drawn  down,  r 
The  currents  are  united,  and  they  pass  oil  to 
.the  chimney.  J 

The  "Vencedor  Grate,"  Same  as  above. 

'Smoke-consuming  Dog  Grnte,"  on  the' 
Hurst  principle.  Hollow  gill-cheeks,  with  a 
nozzle  at  the  back.  Downward  draught 
through  the  sides  to  the  under  side  of  the 
grate. 
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Antukacite  and  Coke. 

'  Kyrle  Grate,"  Parker's  patent.  Fire-brick" 
Ilnin«  and  tloor.  The  draught  is  mostly  down- 
wards thripugh  an  opening  at  the  lower  bai'k 
corner  into  the  flue.  'I  here  is  also  a  back- 
ward drauj-'ht  throiinh  an  opening  in  the  back, 
I  just  above  the  lire,  which  niui'ta  t,he  backward 
Ldraught  ascending  from  the  bottom. 

Redinnyne'8  Grate.  Fire-brick  sides,  back," 
and  floor.  The  draught  passes  horizontally 
through  the  back  and  sides,  which  are  per- 
fftrateil.  and  it  descends  into  a  smoke-box 
below  the  Uoor;  thence  it  passes  up  through 
pIlK's  Into  the  chimney,  'fhe  pipes  and  the 
back  are  enclos'  d  In  a  chamber.  Into  which 
fresh  air  is  admitted.  The  air  la  heated,  and 
''It  pasBOB  into  the  room  at  tlio  upper  part. 

Ingram's  "  Knio-Kapnos  Grnto"  has  flro-~ 
brick  lining  and  Uoor.  The  gases  pass  through 
the  back  and  downwards,  and  under  the  floor 
of  the  grate  to  the  front;  thence  under  a 
horizontal  partition  plate,  to  the  back,  and 
till  the  chimney.  The  draught  may  be  parti- 
ally or  wholly  carried  directly  upwards. 
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Parker's  "Vencedor"  grate  has  an  open  front,  and  it  stands  clear  of  the 
chimney-openmg,  thus  gi^dng  off  heat  to  the  room  from  the  back,  top,  and  sides 
as  well  as  the  front.  ' 

Although  the  results  of  the  testing  of  many  of  the  grates  exhibited  in  this  class 
we  satisfactory,  the  system  appears  to  be  wrong  for  open  fireplaces.  The  upper 
surface  of  the  coal  in  the  grate,  and  the  back  and  cheeks  of  the  fireplace  are 
necessarily  cooled  by  the  drauglit,  and  can  radiate  little  or  no  heat  to  the  room 
and  the  combustion  of  the  gases  takes  place  in  a  position  from  which  no  heat  can 
be  radiated  into  the  room.  The  heat  derived  from  this  portion  of  the  combustion 
must,  therefore,  be  wasted,  unless  it  can  be  utilised  to  warm  air  or  water,  and  so  be 
distributed.  Moreover,  there  were  instances  in  the  exhibition  where  down  or  back- 
draught  had  produced  rapid  destruction  of  the  bars,  &c.,  of  the  grate;  and,  as  so 
much  of  the  combustion  takes  place  out  of  sight,  mischief  may  go  on  unnoticed. 

The  general  conclusions  derived  from  the  experiments  made  on  open  fireplaces 
are  summed  up  by  Mr.  D.  K.  Clark,  and  classed  under  the  heads  of  Prevention  of 
Smoke,  Temperature,  Piadiating  Power,  &c. 

From  this  summary  it  appears  that  Classes  1  and  2 — i.e.,  grates  ynth  upward 
draught— are  least  effective  on  the  whole  to  prevent  smoke,  and  that  the  grates  with 
solid  floors  are  less  effective  than  those  with  an  open  grid  for  the  admission  of  air 
below.  Class  A — i.e.,  grates  fed  by  hoppers  from  the  back  or  sides — is  the  most 
effective  when  the  fresh  fuel  is  very  gradually  distilled,  and  the  smoke-making  gases 
very  gradually  consumed.  In  Class  3  (under-fed  grates),  and  Class  5  (down  or  back- 
drauglit  grates),  in  which  the  gases  are  drawn  upwards  or  downwards  through  the 
incandescent  fuel,  although  no  doubt  the  gases  are  at  a  temperature  sufiicient  for 
complete  combustion,  yet  the  supply  of  air  appears  to  be  insufficiently  mixed  with 
the  gases  to  complete  the  combustion.  The  following  are  the  classes  arranged  id 
the  order  of  smoke-shade  : — 


Class  2 
„  1 
„  3 
5 

„  4 


3-23  average  smote-shade. 

3-01 

2-82 

2-73 

2-66 


It  appears  from  this  that  the  most  effective  grates  for  preventing  smoke  are  the 
grates  in  which  the  fuel  is  supplied  from  the  back  or  sides  by  means  of  hoppers  ;  and 
that  the  grates  with  an  open  grid  and  upward  draught  are  more  effective,  as  a  class,  for 
preventing  smoke,  than  grates  with  solid  floors,  termed  slow-combustion  grates. 
It  is  probable  that  the  want  of  sufficient  air  at  the  bottom  and  back  of  the  fire 
prevents  the  complete  combustion  of  the  coal  in  this  latter  form  of  grate. 

Next  in  importance  to  the  prevention  of  smoke  is  the  degree  of  elevation  of 
temperature  in  the  room  effected  by  the  combustion  of  fuel  in  grates.  The 
following  comparative  statement  exhibits,  in  the  seventh  column,  the  average  rise 
of  temperature  effected  per  pound  of  Wallsend  coal  consumed  per  hour,  which  is  a 
measure  of  the  comparative  efficiency  of  the  several  classes  of  gi-ates.  The  tempera- 
ture at  the  six-feet  level  is  taken  as  the  standard  rise  of  temperature  in  the  room. 
In  the  sixth  column  is  the  excess  of  the  average  temperature  maintained  during  the 
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 '  T7T  i.    „      +iip  rnnm— at  the  commencement  of  the  test. 

test  above  the  initial  temperature  of  the  room  ^  t^ird 

This  is  preferable,  as  a  datum,  to  the  -^^^^^JX^^^^^^  determining 
column,  for  the  external  temperature  —^^^^  nS  temperature  with- 
^r^::^:  =r:?tn  ^t^r^the  ....  .oor,Ld  ceding. 


Class. 
1 

Average 
weight  of  coal 
consumed  per 
hour 
("Wallsend). 

2 

Average 
external 
temperature. 

3 

Average 
initial 
temperature 
in  the  room. 

4 

Average  tem- 

TxoTn  tn  rs 

actually  maia- 
tained  at  a 
height  of  6 
feet. 

5 

Average  equivalent  rise  of 
temperatvire. 

Total. 
6 

Per  lb.  of 
coal  per  hour. 

7 

No. 
1 

2 
3 
4 
6 

lb. 
4-32 
3-37 

2-  91 

3-  72 

4-  04 

Deg.  F. 
42-3 
41-9 
37-5 
39-3 
39-2 

Deg.  F. 
47-2 

47-  1 
46-0 

48-  2 
48-3 

Deg.  F. 
58-3 
55-0 
54-7 
5  8-. 5 
60-4 

Deg.  F. 

11-  67 
9-64 

10-39 
10-37 

12-  10 

Deg.  F. 
2-88 

2-  99 

3-  81 
3-05 
3-38 

The  following  shows  the  classes  placed  in  order  of  the  heating  effici.ency.  as 
^presented  in  column  7  of  the  table,  beginning  with  the  class  of  lowest  efficiency  :- 


Class  1 
„  2 

»  5 
..  3 


2-88  degrees  F.  rise  of  temperature  per  lb.  of  coal. 

2-  99  „  »  " 

3-  05  „  »  " 
3-38  „  >'  » 
3-81             „  »  " 


From  this  statement  it  appears  that,  of  the  grates  experimented  on,  those  with 
ordinary  fires,  havmg  bottom  grids  (Class  1)  or  solid  floors  (Class  2),  are  the  least 
efi-ective  for  warming  the  room  relatively  to  the  quantity  of  coal  consumed  per  hour. 
Next  in  order  are  open  fires  feeding  at  the  sides  or  the  back,  or  from  hoppers  (Class 
4)  Then  follow  the  grates  of  Class  5,  having  a  downward  or  a  horizontal  draught ; 
and  lastly,  as  the  most  efficient  of  the  open  grates,  those  which  are  under-fed,  with 
an  upward  through  draught  (Class  3)— one-third  better  than  those  of  Class  1. 

From  these  experiments  it  seems  that  open  grates  (Classes  3  and  .5),  constructed 
on  the  principle  of  drawing  the  combustible  gases  through  the  incandescent  fuel, 
are  the  most  efficient;  and  that,  of  these,  the  best  are  those  (Class  3)  which  supply 
the  fresh  fuel  below  the  fire,  and  cause  the  combustible  gases  to  rise  upwards 
through  it. 

The  under-fed  open  grates  (Class  3)  are  the  only  grates  which  are  capable  of 
continuously  exposing  a  bright  and  open  surface,  unchecked  by  the  presence  of  fresh 
coal,  as  well  as  of  smoke,  and  unobstructed  by  special  appliances ;  these  grates 
therefore  continuously  expose  a  clear  fire,  from  which  heat  should  be  continuously 
radiating,  and  from  this  cause  it  seems  probable  that  the  apparent  excellence  of  the 
-rates  of  Class  3  amongst  other  open  grates  is  very  much  attributable  to  this 
distinctive  characteristic. 

A  general  correspondence  may  be  observed  between  the  smoke-shades  and  the 
efficiencies,  as  marked  by  the  rise  of  temperature  in  column  7  of  the  foregoing 
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table  :  the  efficiencies  increasing  as  the  smoke-shades  are  reduced.  They  are  here 
foUowe^  ^'""'"^^'^  comparison,  the  order  for  smoke-shades  bemg 


Class. 

Average  smoke-shade. 

Average  rise  of 
temjierature  per  lb.  of 
coal  per  hour. 

3-23 

Deg.  F. 

2 

2-99 

1 

3-01 

2-88 

3 

2-82 

3-81 

4 

2-73 

3-38 

5 

2-66 

3-05 

Here  the  efficiency  increases  generaUy  as  the  smoke-shade  is  diminished.  Exchiding 
Class  5,  their  efficiency  may  be  said  to  vary  nearly  inversely  with  the  smoke-shade, 
that  is  to  say,  inversely  with  the  imperfection  of  combustion  as  expressed  by  smoke- 
shade. 

The  total  average  radiations  from  the  several  classes  of  open  grates  varies 
generally  in  correspondence  with  the  total  average  elevation  of  temperature.  So 
also  do  the  radiations  and  temperatures  per  pound  of  coal  consumed  per  hour, 
though  there  were  irregularities  due  to  the  varying  circumstances  of  fii-eplaces. 


Class. 

Average  weight 
of  coal  cousumed 

Average  equivalent  rise  of 
temperature. 

Average  measure  of  radiation. 

per  hour 
(Wallsend). 

Total. 

Per  lb.  of  coal 
per  hour. 

Total. 

Per  lb.  of  coal 
per  hour. 

1 

2 

3 

4 

5 

6 

No. 

lb. 

Deg.  F. 

Deg.  P. 

Deg.  P. 

Deg.  P. 

1 

4-32 

11-67 

2-88 

13-62 

3-58 

2 

3-37 

9-64 

2-99 

12-92 

4-07 

3 

2-91 

10-39 

3-81 

10-40 

3-61 

4 

3-72 

10-37 

3-05 

10-64 

3-14 

6 

4-04 

12-10 

3-38 

13-90 

3-70 

The  relation  between  the  smoke-shades  and  the  observed  radiations  of  heat  may 
be  gathered  from  the  following  parallel  columns  : — 


Class. 

Average  smoke-shade. 

Avernge  measure 
of  radiation  per  lb.  of 
cual. 

2 

3-23 

Deg.  P. 
4-07 

1 

3-01 

3-58 

3 

2-82 

3-61 

5 

2-73 

3-70 

4 

2-G6 

3-14 

Here  the  radiations  in  general  become  less  as  the  smoke-shades  become  lesa 
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The  following  table  shows  the  efficiency  of  anthracite  in  raising  the  temperature 
in  comparison  mth  the  same  classes  tested  with  Wallsend  coal :— 


Class. 

Rise  per  lb.  of 
aatliracite  per  hour. 

Rise  per  lb.  of 
Wallseud  per  hoiiv. 

Deg.  P. 

Deg.  F. 

1 

2-97 

2-88 

4 

2-50 

3-05 

5 

3-27 

3-38 

Average    .    .  . 

2-91 

3-00 

The  average  of  the  three  classes  of  open  grates,  I,  4,  and  5,  is  nearly  the  same 
for  anthracite  and  Wallsend.  But  the  anthracite  has  the  advantage  for  ordinary 
open  grates  in  Class  1.  Moreover,  this  table  appears  to  show,  as  might  be  expected, 
that  anthracite  is  found  under  more  advantageous  conditions  in  grates  to  which 
a  considerable  supply  of  air  is  afforded.  Thus,  the  grates  in  Class  1  which  have  an 
open  grid  below,  and  the  grates  in  Class  5  where  a  supply  of  air  is  drawn  down 
through  the  fuel  from  the  top,  both  show  a  better  result  than  grates  of  Class  4, 
where  the  air  does  not  have  such  consequent  access  to  the  fuel. 

The  following  is  a  comparison  of  the  measures  of  radiating  force  for  anthracite 
and  Wallsend  coal : — 


Class. 

Eadiation  per  lb.  of 
anthracite  per  hour. 

Eadiation  per  lb.  of 
"Wallseud  coal  per  hour. 

Deg.  r. 

Deg.  F. 

1 

2-64 

3-58 

4 

2-71 

3-14 

5 

4-22 

3-70 

Average    .    .  . 

3-19 

3-47 

^he  radiating  force  attains  a  maximum  in  Class  5  of  open  grates,  with  down- 
ward or  backward  draught,  for  both  kinds  of  fuel. 

The  difference  of  heat  appears  to  be  as  much  affected  by  ordinary  circulation  of 
air  in  the  room  as  by  the  employment  of  special  means  of  inducing  circulation  and 
ventilation.  But  there  were  marked  differences  in  the  variations  of  temperature 
in  the  room  at  various  levels  between  the  air-heating  and  the  non-air-heating  grates 
and  stoves. 

It  appeared  that  the  uppermost  part  of  the  room  heated  with  open  grates  was  much 
wanner — by  as  much  as  9°  in  most  instances — than  the  lowermost  parts.  It  also 
appeared  that  the  employment  of  means  of  introducing  warmed  air  into  the  apart- 
ment, and  of  ventilating  it,  was  not  necessarily  influential  in  reducing  inequalities  of 
temperature  at  different  levels.  In  some  cases  it  appeared,  on  the  contrary,  to 
augment  the  actual  difference  that  ai'ises  when  no  special  ventilating  and  warminof 
contrivances  are  provided.    This  seems  to  depend  on  the  -v'olumo  of  fresh  warmed 
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air,  on  the  temperature  at  wHcli  it  comes  in,  and  on  the  place  wher?  introduced 
The  results  of  the  tests  at  the  Exliibition  are  shown  in  the  accompanying  table. 


Ain-HEATINa  AND  Ventilatino  Gbate3. 

NON-Ain-HEATINO  GrATES. 

Class. 

Temperatures  at  the  following  levels  above 
the  floor. 

Temperatures  at  the  following  levels  ahove 
the  floor. 

6  inches. 

6  feet. 

14  feet. 

6  inches. 

6  feet. 

14  feet. 

No. 
1 

2 
3 
4 

5 

Deg.  P. 
54-1 
52-0 
49-9 
51-0 
56-2 

Deg.  F. 
59-3 

53-  5 

54-  6 
56-1 
61-7 

Deg.  F. 
63-4 
62-9 
58-3 
58-1 
65-4 

De?.  F. 

53-  0 
52-7 

54-  0 
62-4 

Deg.  F. 
56-1 
56-1 

59-0 
56-6 

De;?.  F. 
57-5 
67-7 

63-5 
59-4 

Average  .  . 

52-6 

57-0 

59-6 

53-0 

56-9 

59-5 

On  the  other  hand,  the  results  of  observations  made  on  the  performance  of  Mr. 
Griffin's  open  grate,  with  warming  and  ventilating  appliances,  in  a  private  room  at 
27,  Cadogan  Square,  showed  a  remarkable  degree  of  uniformity.  The  difference  of 
temjoerature  at  the  four  sides  of  the  room,  which  was  25  feet  long,  18  feet  wide,  and 
13|  feet  high,  seldom  exceeded  2°  Fahr.  ;  nor  did  the  temperatures  at  the  ceiling 
exceed  by  more  than  2°  those  observed  at  a  level  of  4^  feet  above  the  floor.  And  it 
may  be  added  that  other  experiments  made  on  the  Galton  ventilating  fireplace  used  in 
barracks,  which  was  not  brought  into  competition  at  the  Smoke  Abatement  Exhibition, 
showed  that  when  this  grate  was  in  full  action,  and  the  windows  and  other  means 
of  ventilation  closed,  thermometers  in  all  parts  of  the  room,  and  near  the.  ceiling 
and  floor,  sheltered  from  the  radiation  of  the  fire,  did  not  vary  more  than  1°  Fahr. 

The  fact  is  that  these  two  grates  supply  a  large  volume  of  air  at  a  moderate 
temperature,  delivered  in  a  position  to  enable  it  to  intermix  under  favourable 
circumstances  with  the  currents  of  air  in  the  room  caused  by  the  open  fire ;  and  this 
secures  equalisation  of  temperature  over  the  room. 

These  grates  are  essentially  for  burning  Wallsend  coal,  but  no  doubt  Mr. 
Griffin's  grate  might  be  advantageously  used  for  burning  anthracite.  Mr.  D.  K. 
Clark  made  numerous  experiments  on  various  sorts  of  coal.  He  found  that 
the  steam  coals  evaporated  a  little  more  water  per  hour,  and  more  water  per  round 
of  fuel,  in  the  ratio  of  10-95  lb.  to  10-05  lb.,  or  nine  per  cent.,  than  the  anthra- 
cite. In  order  to  supply  the  required  quantity  of  steam,  the  anthracite  were 
burned  ofi"  more  rapidly  than  the  steam  coals,  or  the  excess  of  377-5°  Fahr.  of 
temperature  of  escaping  gases  over  335-5°  Fahr.  This  is  due  to  the  paucity 
of  flame-borne  heat  from  the  combustion  of  anthracite,  in  contrast  with  the  greater 
volumes  of  bright  flame  emitted  in  the  combustion  of  the  steam  coals. 

He,  moreover,  found  that  the  Northumberland  coal  burned  off"  more  quickly, 
and  evlporated  water  more  rapidly,  than  the  Nixon  coal ;  but  that  the  Nixon  wa^ 
the  more  efficient,  as  it  evaporated  more  water  per  round  of  coal  than  tlie 
Northumberland,  and,  correspondingly,  that  the  temperature  at  which  the  burnt 
gases  of  the  Nixon  coal  passed  away  was  the  lower. 

These  inquiries  are  interesting  in  that  they  bear  upon  the  question  of  what  fuel 


BITUMINOUS  AND  SMOKELESS  COAL. 


555 


is  most  efficient  in  the  several  forms  of  domestic  grates ;  and  m  connection  with 
this  we  append  the  following  table,  which  gives  the  average  rise  of  temperature 
and  radiation  per  pound  of  fuel  consumed  per  hour,  with  air-heatmg  apphances, 
and  the  same  particulars  without  them,  for  each  class  of  grates.    The  smoke- 


Class  and  Condition. 
1 

Average  rise  of  temperature 
per  lb.  per  kour. 

Average  radiation  per  lb. 
per  hour. 

Average 
smoke-shade 
for  Wallsend 
coal. 

6 

■Wallsend.  i 
A 

Anthracite. 

•3 
o 

Wallsend. 
4 

Anthracite. 
5 

Class  1.  Air-heating  . 
„  Non-air-heating 

iotais 

Deg. 
3-37 
2-45 

3-24 
2-90 

2-88 
4-21 

Deg.  F. 
1-59 
4-99 

3-22 
2-78 

2'88 

2-97 

3-58 

4-31 

3-01 

Class  2.  Air-heating  . 
„  Non-aii'-heating 

Totals  . 

2-  81 

3-  02 

3-  93 

4-  09 

4-11 
3-09 

2-99 

4-07 

3-23 

Class  3.  Non-air-lieatrag 

3-81 

3-61 

2-82 

Class  4.  Air-heatiag  . 
„  Non-air-heating 

Totals  . 

2-  41 

3-  37 

3-01 
1-98 

2-  42 

3-  50 

2-44 
2-98 

2-23 
2-88 

3-05 

2-50 

3-14 

2-71 

2-66 

Class  5.  Air-heating  . 
,,  Non-air-heating 

Totals  . 

3-45 
3-28 

3-77 
2'S9 

4-00 
3-22 

3-  51 

4-  76 

2-  29 

3-  21 

3-38 

3-27 

3-70 

4-22 

2-73 

The  total  averages  of  all  classes  show  that  Wallsend  coal  is  used  with  greater 
economy  without  than  with  air-heating  appliances;  and  that,  on  the  contrary, 
anthracite  is  used  with  the  greater  economy  with  air-heating  appliances.  For 
anthracite,  the  relative  economy  of  air-heating  appliances  is  visible  for  every  class  of 
open  grates  in  which  it  is  used.  For  Wallsend  coal,  the  several  classes  of  open 
grates  show  results  alternately  in  favour  of  heating  appliances  and  against  them. 
This  is  what  might  be  expected,  because  the  Wallsend  coal  produces  a  bright  flame, 
whereas  anthracite  coal  only  affords  a  red  glow.  The  bright  flame  radiates  into  heat 
rapidly,  and  warms  the  walls  and  furniture  sufiiciently  rapidly  to  enable  their  surfaces 
to  communicate  warmth  to  the  air  of  the  room.  The  anthracite,  on  the  other  hand, 
radiates  the  heat  more  slowly,  and  therefore  there  will  probably  be  less  comfort  with 
the  anthracite  than  with  Wallsend  coal. 

It  may  be  concluded  that  the  evidence  is  not  decidedly  for  or  against  the  use  of 
air-heating  appliances,  in  burning  Wallsend  coal,  except  in  the  case  of  the  compara- 
tively wasteful  open  grates  of  Class  1,  with  which  such  appliances  are  clearly  con- 
ducive to  economy. 

The  radiating-power,  indicated  in  columns  4  and  5  of  the  table,  is,  as  might 
be  expected,  materially  greater  in  the  absence  of  air-heating  appliances  than  when 
they  are  present : — for  anthracite  in  every  class ;  for  Wallsend  coal  in  every  class 
except  Class  5,  open  grates,  having  a  downward  or  a  backward  draught. 
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CHAPTER  LIY. 

CLOSE  STOVES. 

Brick  Stoves-The  German  Stove,  and  its  Modifications-Economy,  and  Disadvantages-Iron  Stoves- 
Stoves  or  Furnaces  for  Heating  Air-Various  Eecent  or  Improved  Stoves. 

The  next  method  of  heating  to  which  we  wiU  refer  is  by  means  of  stoves.  The 
term  stove  is  applied  to  the  apparatus  which  consumes  the  fuel  in  a  close  receptacle 
as  distinguished  from  an  open  fire,  and  which  gives  out  the  heat  directly  to  warm 
the  air.    Stoves  may  be  used  to  wann  rooms,  or  else  to  warm  air  to  be  afterwards 
used  in  warming  rooms. 

A  stove  absorbs,  utilises,  and  gives  out  sooner  or  later  all  the  heat  which  the 
fuel  develops,  except  that  part  of  the  heat  which  passes  away  with  the  smoke  and 
products  of  combustion.    The  difi"erence  in  the  value  of  different  stoves  consists  in 
the  proportion  of  heat  which  can  thus  be  utilised  in  the  space  the  stove  is  designed 
to  warm,  which  may  be  termed  its  calorific  result.    A  stove  entirely  enclosed  in 
the  space  it  is  designed  to  warm  will  give  the  best  calorific  results,  because  the 
whole  heat  given  out  must  pass  directly  into  the  space  to  be  warmed.    But  stoves 
are  also  applied  to  warm  fresh  air  which  is  intended  when  wai-med  to  be  passed  into 
sonae  other  room.    In  this  case  the  air,  after  being  warmed,  Avill  lose  more  or  less 
of  its  heat  in  passing  along  the  flues  of  transmission.    If  these  flues  are  of  great 
length,  in  a  situation  exposed  to  damp,  and  formed  of  materials  which  are  good  con- 
ductors of  heat,  much  heat  may  be  lost  in  transmission.  It  must,  however,  be  remem- 
bered that  flues  entirely  inside  a  house,  even  if  they  absorb  the  heat,  must  give  out 
the  heat  again  into  the  house  somewhere.    It  is  on  this  account  that  it  is  so  much 
more  advantageous  to  place  chimneys  in  the  inside  walls  of  a  house,  so  that  the  heat 
which  the  brickwork  absorbs  during  the  passage  of  the  smoke  passes  into  the  house 
instead  of  into  the  open  air,  which  is  largely  the  case  with  chimneys  in  outside  walls- 
In  a  close  stove,  heated  to  a  moderate  temperature,  the  heat,  as  it  passes  from 
the  fire,  warms  the  surface  of  the  materials  which  enclose  and  are  in  contact  with 
the  fire  and  with  the  heated  gases,  and  transfers  the  heat  through  the  materials  to 
the  outer  surface  in  contact  with  the  air ;  and  the  air  is  warmed  by  the  agency  of  this 
outer  surface.    If  heated  to  high  temperatures  it  gives  out  radiant  heat  which  passes 
through  the  air  to  warm  the  object  on  which  the  rays  impinge. 

Brick  stoves  and  flues  are  worse  conductors  of  heat  than  iron  stoves  or  flues,  but 
the  surface  of  a  brick  stove,  especially  if  glazed,  parts  with  the  heat  which  reaches 
it  somewhat  more  rapidly  than  do  the  surfaces  of  an  iron  flue.  But  the  whole  of 
the  heat  generated  does  not  reach  the  outer  surface  with  the  same  rapidity.  Tlie 
slow  conducting-power  of  the  material,  and  the  greater  tliickness,  of  a  brick  stove 
prevent  alternations  which  may  take  place  in  the  fire  from  being  felt  so  much  with 
brick  stoves  as  with  iron  stoves  or  flues ;  and  therefore  the  brick  stove  warms  the  air 
more  equably  without  sudden  variations ;  the  air  so  warmed  is  free  from  objection- 
able effects ;  and  where  they  can  conveniently  be  applied,  it  is  advisable  to  use 
brick  stoves  for  warming  air  for  ventilating  purposes. 


GERIIAN  STOVKS. 


Of  the  various  forms  of  brick  stoves  the  most  notable  is  the  German  stove. 
'  This  stove  is  constructed  on  the  plan  of  economising  the  heat.    This  economy  is 
produced  by  the  internal  arrangement,  which  compels  the  heated  gases  from  the 
tire  to  pass  backwards  and  forwards  through  flues  in  the  stove  before  they  flow 


fig.  221.— Doultoii's  German  Stove. 


away  into  the  chimney ;  and  thus  the  greater  part  of  the  heat  is  retained  in  the 
body  of  the  stove.  After  the  fire  has  been  lighted  in  the  stove  and  well  burned  up, 
the  doors  and  dampers  of  the  stove  are  closed  so  as  to  prevent  any  draaght  passing 
through  the  stove  and  canying  away  the  heat  up  the  chimney ;  the  fire  is  allowed 
to  go  out,  and  the  heat  thus  passes  out  through  the  body  of  the  stove  into  the  room. 

The  German  stove  does  not,  however,  act  as  a  ventilating  apparatus,  because  its 
principle  is  that  the  fire  when  once  well  burned  up,  shall  be  shut  up,  aiad  thus 
obtain  no  air,  or  at  all  events  very  little,  from  the  room  in  which  it  is  placed.  In 
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German  rooms,  therefore,  the  purity  of  the  air  is  frequently  left  to  depend  on  the 
spontaneous  change  of  air  which  can  take  place  through  crevices  of  windows  and 
doors,  or  through  the  walls. 

This  absence  of  ventilation  is  a  main  cause  of  the  saving  of  fuel  in  German 
stoves.  This  saving  of  fuel  must,  however,  be  at  the  expense  of  health.  Dr.  Bohm 
(than  whom  no  one  has  better  studied  ventilation)  has  adopted  for  some  years  the 
following  system  in  the  Eudolf  Hospital  at  Vienna.  He  there  warms  fresh  air  by 
means  of  passages  constructed  in  the  fire-clay  stoves  placed  within  the  ward,  and 
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Fig.  222. 


the  fresh  warmed  air  passes  into  the  ward  from  the  top  of  the  stove.  He  provides 
flues  of  a  large  size,  and  proportioned  to  the  size  of  the  ward,  from  the  level  of  the 
ward  floor  to  above  the  roof,  and  the  difierence  of  temperature  between  the  air  in  the 
ward  and  the  outer  air  causes  a  sufiicient  current  in  these  flues  in  cold  weather  to  ven- 
tilate adequately  the  ward.  By  this  means  the  fresh  warmed  air,  instead  of  passing  off 
to  the  upper  part  of  the  ward,  and  thence  away  by  flues,  is  made  to  circulfite  towards 
the  floor  of  the  ward,  thus  bringing  into  action  the  principle  by  which  the  open 
fireplace  is  useful  in  ventilation.  But  this  arrangement  destroys  one  element  of 
economy  in  the  German  stove,  because  the  heat  generated,  instead  of  being  left  to 
pass  slowly  ofi"  into  an  unventilated  room,  is  removed  rapidly  by  the  fresh  air  passed 
into  the  ward,,  and  has,  therefore,  to  be  renewed  at  intervals,  instead  of,  according 
to  the  usual  custom,  the  stove  being  left  shut  up  for  twenty-four  hours  to  give  off 
its  heat  slowly.  The  larger  the  supply  of  warmed  aii',  the  larger  must  be  the  con- 
sumption of  fuel ;  and.if  the  heat  is  to  be  supplied  economically,  it  must  be  through 
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a  good  conducting  medium ;  but  the  material  of  the  German  stove  is  a  bad  conductor 
of  heat.  On  this  account  the  German  stove  is  not  universally  applicable,  but  it  is 
of  <n:eat  benefit  and  advantage  in  special  cases. 

Messrs.  Doulton  have  recently  made  a  form  of  stove,  on  the  principle  of  the 
German  stove,  in  various  sizes,  wHch  would  advantageously  take  the  place  ot  many 
of  the  forms  of  iron  stoves,  and  which  is  very  economical  of  fuel,  but  it  is  not 
smoke-preventing.    The  accompanying  Fig.  221  shows  one  of  Doulton's  Lambeth 

Eadiating  Tile  Stoves. 

Messrs.  Doulton  have  also  adapted  their  form  of  German  stove  to  warm  tresh 
air  admitted  from  the  outer  air,  as  shown  in  Fig.  222.  •  • 

There  are  numerous  other  forms  of  stoves  which  are  designed  to  warm  fresh  air,  in 
which  the  fire  is  placed  in  a  fire-clay  receptacle,  and  the  air  is  passed  through  flues 
cast  in  the  fire-clay.  These  afi"ord  a  very  convenient  and  equable  means  of  warming 
the  air,  but  they  do  not  possess  the  same  elements  of  economy  as  the  German  stove. 

Iron  is  a  very  useful  material  for  stoves.  Iron  lends  itself  readily  to  convenient 
forms,  and  it  is  a  very  good  conductor  of  heat.  The  consequence  is  that  iron  has 
been  more  largely  used  than  any  other  material  for  stoves.  There  are,  however, 
several  serious  objections  to  iron  stoves,  especially  for  smaU  rooms ;  a  long  flue-pipe 
is  unsightly,  and  on  that  account  often  inadmissible.  Iron  stoves  heat  rapidly,  and 
easily  become  red-hot,  therefore  the  efi'ect  produced  is  unequal  both  on  the  air  and 
on  persons  in  the  vicinity  of  the  stove.  An  iron  stove  cools  down  with  rapidity 
when  the  fire  is  low.  The  flue-pipe  gives  out  unequal  degrees  of  heat  in  the  different 
parts  of  its  length.  With  an  iron  stove  the  temperature  at  eighteen  inches  from  the 
stove  has  been  found  to  exceed  by  27°  Fahr.  that  observed  at  six  feet  from  it ;  and 
with  a  red-hot  stove  the  difference  in  that  short  distance  has  been  found  to  be  in 
some  cases  as  much  as  45°. 

Carbonic  oxide  has  been  found  in  air  heated  by  ii'on  stoves.  This  can  only 
occur  provided  the  stove  be  very  highly  heated ;  but  a  high  temperature  is  a  liability 
to  which  many  ii-on  stoves  are  subject.  Iron,  very  highly  heated,  may  take  up  the 
oxygen  from  the  carbonic  acid  prevalent  in  the  air  of  an  unoccupied  room,  and  thus 
reduce  the  carbonic  acid  to  the  condition  of  carbonic  oxide.  Moreover,  the  quantity 
of  dust  in  a  room,  which  almost  always  contains  organic  matter,  may  under  these 
conditions  of  temperature  somewhat  influence  the  presence  of  carbonic  oxide. 

General  Morin  alleges  that  he  found  these  effects  to  be  nearly  three  times  as 
gi-eat  with  cast-iron  as  with  wrought-iron  stoves.  It  has  also  been  alleged  that  the 
carbonic  oxide  generated  in  the  flue  may  permeate  through  the  cast-iron  of  the  stove 
if  very  highly  heated,  or  if  made  of  inferior  porous  metal,  into  the  surrounding  air. 
Carbonic  oxide  may  also  be  produced  by  the  oxygen  of  the  air  acting  on  the  carbon  in 
the  cast-iron  if  heated  to  a  red  heat.  The  effect  would  be  diminished  by  the  presence 
of  moisture  in  the  air.  Consequently,  the  use  of  vessels  containing  water  on  metal 
stoves  has  been  recommended.  The  use  of  surfaces  of  iron  heated  to  a  red  heat 
for  warming  air  for  ventilating  purposes  is  objectionable.  Hence,  whenever  iron 
stoves  or  cockles  are  used  for  heating  air,  care  should  be  taken  to  prevent  the  iron 
from  attaining  a  high  temperature,  and  with  this  object  all  iron  stoves  should  have 
a  lining  of  fire-brick,  so  as  to  prevent  the  fire  from  coming  in  direct  contact  with 
the  iron ;  such  an  arrangement  prevents  these  inconveniences,  and  preserves  greater 
regularity  in  the  heating  of  the  air. 
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Almost  the  whole  heat  which  any  fuel  is  capable  of  developing  may  be  utilised  in 
a  stove  by  usmg  a  long  flue-pipe,  horizontal  for  the  greater  patt  of  its  length  Z 
convey  the  products  of  combustion  to  the  outer  air.  The  heat  given  out  by  a  sto've 
pipe  varies  with  the  temperature  from  end  to  end,  being  of  course  greatest  at  the' 
end  next  the  stove,  where  the  loss  of  heat  is  very  rapid;  and  the  amount  of  heat 
given  out  per  square  foot  will  vary  at  each  point  as  the  distance  from  the  stove 
increases;  and  thus,  in  dividing  the  pipe  into  lengths,  each  giving  out  an  equal 
amount  of  heat,  the  length  of  the  portion  of  pipe  at  the  end  farther  from  the  stove 
would  be  considerable,  whilst  the  length  required  to  give  out  an  equal  amount  of 
heat  near  the  stove  would  be  very  short.    But  not  only  does  the  amount  of  heat 

^Z'V^         ^T^^^  ^^"^  ^""'^  *°  ^""^  ^"^-Pip^'        the  proportions  into 

which  the  heat  divides  itself  between  the  walls  and  the  air  vary  greatly  with  the 
temperature. 

Thus,  with  a  stove-pipe  heated  at  the  end  nearest  the  stove  to  a  duU  red  heat 
of  1230°  Fahr.,  and  of  sufficient  length  to  allow  the  heat  to  be  diminished  to  150" 
at  the  farther  end,  it  would  be  found  that  at  the  stove  end  of  the  flue-pipe  92  per 
cent,  of  the  total  heat  emitted  by  the  pipe  is  given  out  by  radiation  to  the  waUs, 
and  only  8  per  cent,  to  the  air;  but  at  the  exit  end,  the  heat  is  nearly  equaUy 
divided,  the  walls  receiving  55  per  cent,  and  the  air  45  per  cent.  Taking  the  whole 
length  of  such  a  pipe,  the  walls  would  receive  74  per  cent,  and  the  air  2Q  per  cent, 
of  the  heat  emitted.  But  with  a  flue-pipe  heated  to  lower  temperatures,  the  air 
might  receive  half  the  heat  or  even  more. 

At  very  high  temperatures  there  will  be  practically  little  diSerence  of  eff'ect 
between  horizontal  and  vertical  flue-pipes,  because  the  heat  given  out  is  principally 
that  due  to  radiation,  which  is  independent  of  the  form  and  position  of  the  radiant. 

An  adequate  proportion  of  flue-pipes  to  the  form  and  size  of  the  stove  involves 
a  large  surface  for  the  flue-pipe ;  and  with  a  careful  observance  of  proportion,  as 
much  as  9U  per  cent,  of  the  heat  in  the  fuel  has  been  utilised,  only  51  per  cent, 
being  carried  away. 

As  already  observed,  the  inconvenience  which  a  plain  iron  stove  presents  in 
consequence  of  the  injury  to  the  air  which  results  from  overheating,  may  be  partly 
overcome  by  placing  the  fire  in  a  fire-clay  box  or  lining  to  the  stove,  retaining  the 
iron  for  an  outside  coveriug.  This  class  of  stove  is  more  expensive  than  a  plain 
iron  stove,  but  its  use  has  much  extended  in  late  years.  But  there  is  another 
method  of  correcting  the  evils  of  overheating  of  the  iron  in  a  stove;  viz.,  by 
proportioning  the  surface  which  emits  the  heat  generated  by  the  stove  to  the  size 
of  the  fire.  This  is  the  principle  which  was  adopted  in  the  old  form  of  cockle 
which  was  formerly  the  usual  apparatus  for  heating  fresh  air  in  ventilation  (which 
has  now  been  generally  superseded  by  hot-water  pipes).  It  is  also  to  some  extent 
the  plan  in  Avhat  are  termed  the  Gurney  stoves.  A  large  surface  for  the  emission 
of  heat  is  provided  in  this  stove  by  means  of  flanges  cast  all  round  the  stove  ;  the 
heating-surface  thus  afforded  is  intended  to  carry  off"  the  heat  from  the  fire  with 
sufficient  rapidity  to  prevent  the  iron  ever  being  unduly  hot.  Of  course  this  requires 
the  stoves  to  be  used  judiciously. 

Notwithstanding  that  the  old  cocTjle  for  heating  air  has  been  superseded,  it  pre- 
sents many  advantages  in  certain  cases,  especially  where  the  air  is  required  to  be 
warmed  rapidly  and  occasionally. 
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The  following  is  an  account  of  one  of  the  best  forms  of  cockle,  or  "air- warmer." 
This  form  was  invented  by  the  late  Mr.  Sylvester,  and  has  been  continued  by 
Messrs.  Rosser  and  Russell. 

The  air-warmer  consists  of  an  external  case  of  cast-iron,  square  on  plan  (Figs. 
223  and  224),  the  sides  being  inclined  outwards,  so  as  to  present  the  appearance  of  an 
inverted  frustrum  of  a  pyramid,  resting  upon  a  square  foundation-plate  of  cast-iron, 
which  is  in  its  turn  supported  on  a  hollow  cast-iron  trough  (g)  that  forms  the 
outlet  for  the  smoke. 

Within  the  outer  case  described  is  an  inner  box,  the  sides  of  which  overhang 
somewhat  more  tlian  the  sides  of  the  outer  case,  meeting  the  upper  edge  of  the 
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latter  at  back,  and  approaching  within  about  2  inches  of  the  margin  at  the  sides. 
On  the  fourth  side,  the  outer  case  forms  also  the  boundary  of  the  inner  box,  and  on 
this  side,  which  forms  the  front  of  the  apparatus,  are  the  doors  of  the  furnace  and 
ash-pit. 

The  upper  portion  of  the  inner  box  contains  the  furnace  (e),  the  sides  of  "which 
are  lined  with  fire-brick,  and  below  the  furnace-bars,  in  the  lower  part  of  the  inner 
box,  is  the  ash-pit  (f),  at  the  back  of  which  are  movable  plates,  which  give  access 
to  the  space  between  the  two  cases  for  the  purpose  of  sweeping. 

The  whole  is  covered  in  by  a  cast-iron  pyramidal  top  (Fig.  225),  which  has 
upon  its  external  surface  laminated  ribs,  cast  on  the  pyramid,  for  the  purpose  of 
obtaining  the  desired  extension  of  surface.  The  exterior  of  the  lower  case  is  also 
ribbed  in  a  similar  manner,  but  the  ridges  have  less  depth,  and  are  sometimes 
arranged  at  an  angle  with  the  plate,  for  the  purpose  of  breaking  the  film  of  air  in 
contact  with  the  metal. 

Besting  on  the  ribs  of  the  pyramidal  top  are  sheet-iron  plates  (d)  which  reach 
from  the  sides  of  the  heating-chamber  to  the  shoulder  of  the  pyramid,  which  is 
truncated  at  its  upper  part. 

The  object  of  these  plates  is,  1st,  to  confine  tlie  ascending  currents  of  air  to  the 
channels  between  the  ribs ;  and,  2nd,  to  conserve  the  heat  radiated  from  the  pyramid 
and  return  it  to  the  air.  > 
40 
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Doors,  both  to  the  fire  and  ash-pit,  move  on  planed  surfaces,  and  shut  air-tight 
ihe  ash-pit  door  serves  also  as  a  supplementary  damper,  and  is  capable  of  the  nicest 
regulation. 

The  operation  of  this  apparatus  is  as  follows  :  

The  fire  which  occupies  the  centre  of  the  inner  box,  being  made  in.  a  fire-brick 
lined  chamber,  is  capable  of  very  vivid  combustion,  with  a  proportionately  powerful 
radiation.  The  rays  of  heat  are  received  by  the  interior  of  the  pyramid.  The  heat 
taken  up  by  the  inner  surface  of  the  pyramid  is  transmitted  through  the  metal  to 
the  exterior,  and  by  conduction  to  the  extremities  of  the  ribs.    The  sides  of  the 


Fig.  225, 


stove  are  heated  by  the  smoke  which,  passing  over  the  edges  of  the  inner  box, 
descends  in  the  space  between  the  two  boxes  and  goes  out  through  a  hole  in  the 
foundation-plate  behind  the  ash-pit,  into  the  trough-flue,  upon  which  the  stove  rests, 
and  thence  into  the  chimney.  The  heat-receiving  surface  of  the  outer  case  and 
bottom  flue  is  95  feet ;  and  the  total  exterior  heating-surface  exposed  to  the  contact 
of  the  air  is  320  feet.  The  stove  is  set  in  a  chamber  of  brickwork,  to  the  lower  part 
of  which  cold  air  is  admitted  by  openings  below  the  level  of  the  bottom  flue.  The 
cold  air  first  comes  in  contact  with  the  exterior  of  the  bottom  flue,  receiving  its  fii-st 
portion  of  heat  from  the  coolest  of  the  smoke.  This  is  one  of  the  peculiar  advan- 
tages of  the  descending  arrangement  where  the  flue  is  used  for  warming  fresh  air, 
which  we  have  already  alluded  to. 

The  air,  having  received  its  first  portion  of  heat  from  the  bottom  flue,  ascends 
around  the  sides  of  the  stove,  the  upward  current  being  partly  deflected  and  broken 
by  the  change  in,  the  direction  of  the  ribs.  Having  reached  tlie  upper  margin  of 
the  lower  case,  its  farther  movement  in  a  vertical  direction  is  arrested  by  the 
striking-plates,  which  reach  from  the  enclosing  walls  of  the  chamber  to  the  shoulder 
of  the  stove.    The  current,  being  thus-  deflected,  is  obliged  to  pass  between  the 
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deep  ribs  of  the  pyi-amidal  top,  the  spaces  between  which  form  so  many  small 
chaimels  in  which  the  comparatively  thin  films  of  air  are  brought  into  contact  with 
a  proportionately  large  heating-surface.  In  these  channels  the  air  acquires  a  very 
high  velocity,  amounting  to  from  six  to  ten  feet  per  second,  which  not  only  assists 
it  in  extracting  the  heat  from  the  ribs  but  is  eminently  serviceable  in  giving  the 


rig.  226.— Gill  stove. 


initial  power  necessary  to  the  subsequent .  transmission  of  the  warm  air  through 
extensive  ranges  of  horizontal  flues. 

Some  of  the  largest  churches  in  England  are  warmed  by  this  apparatus,  but 
it  will  be  found  particularly  applicable  for  small  churches  in  rural  districts,  on 
account  of  its  simplicity  of  construction  and  management. 

Fig.  226  is  a  view  of  a  Gill  stove.  Tlie  name  of  Gill  stove  was  given  by 
Mr.  Sylvester  to  this  stove  from  the  fancied  similarity  in  the  arrangement  of  the 
plates  which  compose  the  stove  to  the  gills  of  a  fish.  The  apparatus  is  of  very 
simple  construction,  consisting  merely  of  a  series  of  cast-iron  plates  bolted  together, 
the  inner  edges  of  the  plates  being  exposed  to  the  fire,  and 
their  outer  surfaces  to  the  air. 

Pig.  227  is  an  enlarged  section  of  a  portion  of  a  plate,  show- 
ing the  way  in  which  they  are  combined  together.  A  stove 
may  consist  of  almost  any  number  of  plates.  These  stoves 
are  very  simple  and  easily  repaired,  but.  of  course  they  are 
subject  to  the  disadvantage  that  if  the  fire  is  neglected  the 
stove  cools  do^vn  rapidly;  and  it  is  probably  mainly  on  this 
account  that  hot-water  and  steam  pipes  have  gradually  super- 
seded them.  ^ 


I  


Fig.  227. 


The  newest  forms  of  stoves  must  be  assumed  to  be  those 
exhibited  m  the  winter  of  1881-82  at  the  Smoke  Abatement  Ex- 
hibition, and  we  have  therefore  taken  from  the  Renort  nf  fl.«  a     i      a  ■, 

mg  awards  in  the  competition  at  that  Exhibition. 
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Dksouiptios. 

External. 

Average  at  walls 
6ft.  high. 

Average  difference  due  to  Ra- 
diation 6ft.  high,  6ft.  from  Are. 

Average  velocity 
of  Draught. 

Average 
Temperature. 

To  every  1,000  parts  of  Carbon 
as  COa  there  are  of  Cai-bon  as 
Cx  Uu  +  CO. 

To  every  1,000  parts  of  Oirbon 
ns  COa  there  are  of  Hydrogen 
free  and  combined  with  Car- 
bon in  the  caseous  state. 
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Bituminous  Coal. 

Smoke-burning    Furnace,  enclosed  in  a~ 
cubical  casing  rif  cast-iron,  lined  with  Dre- 
bnck.  The  fresh  fuel  is  iharifed  in  to  a  steeply 
inclined  hopijer  of  nre-brick,  and  falls  upon  a 
horizontal  grate.   Air  is  ndniitted  to  the  fuel 
at  the  lower  jmrt  of  the  hopper,  and  through 
•<  the  grate;  air  is  also  admitted  at  the  front. 
It  passes  along  the  sides  In  contact  with  and 
heated  by  the  hopper,  and  is  discharged  at 
the  throat  of  the  furnace  at  the  back,  in  two 
streams,  from  opposite  sides,  meeting  and 
nungllng  with  the  combust  iljlegnsesfrom  the 
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]  pipes.   The  soot  is  swcjit  from  the  tubes  into  f 
a  reservoir.    The  air  of  the  room  or  hall  cir- 

kculates  around  the  pipes  and  becomes  heated.J 
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John  Corn- 
forth. 

f  An  oblong  rectangular  stove  of  cast-iron."^ 
The  11  re-bars  are  hollow,  and  are  traversed  by  i 

J  air  which  is  heated  on  its  way  through,  and  l 

]  is  delivered  upwards  at  the  bridge,  so  as  to  .' 
meet  and  mingle  with,  and  consume  the  com- 1 

Lbustible  gases  passing  from  the  lire.  J 
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J.  F.  Far- 
wig  &  Co. 

"Calorigen"  slow-combustion  stove.  TVith--^ 
in  a  cast-irou  cylindrical  casing,  a  cylindrical 
fuel-chamber  of  lire-clay  is  placed  eccentri- 
cally, tilled  with  coal,  which  is  lit  from  the 

_  bottom,  to  which  the  suiiply  of  air  is  regu- 
lated.  Afresh-air  chamber  is  placed  beside  " 
the  fuel-chamber,  overlai>ping  it  sidcwise, 
in  which  external  air,  admitted  below,  is 
warmed  ;  the  air  being  discharged  at  the 

l>.upper  part. 
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J.  Dunna- 
chie. 

''  An  upright  square  stove  of  flre-brick  in  an^ 
open  cast-iron  casing.   It  is  divided  diagon- 
ally into  two  compartments  by  a  partition, 
over  which  the  gases  pass  and  descend  on  the 

<  other  side  of  the  partition  ;  .they  then  pass  oft  f 
into  the  Hue.  Air  for  combustion  is  lulniitted 
behind  ihe  lower  part  of  the  partition,  be- 
coming heated,  and  passing  through  holes  in 

^the  partition  into  the  fireplace.  -' 
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R.W.  Cros- 
thwaite. 

Armstead-Gregory  Stove  :  a  combination  of 
Armstead'B  stove  and  Gregory's  stove. 
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E.  H.  Shor- 
land. 

'  "Warm  Air  Ventilating  Stove,  for  large" 
buildings.  G.  Ij.  Shorland's  patent.  A  cubical 
stove,  having  a  casing  of  cast-iron,  made  with 
gills  externally,  three-eighths  of  an  inch 
deep.    The  fireplace  is  square,  and  is  enclosed 
at  the  sides  and  the  back  by  air-warniing 
chambers.    A  few  steel  turnings  are  sus- 
pended in  the  flreplnce,  which,  becoming 
red-hot,  are  expected  to  be  useful  in  burning 
smoke.   Fresh  air  is  led  into  a  shallow  re- 
ception chamber  at  the  base  of  the  stove. 
Thence  it  passes  upwards  through  the  air- 
warming  chambers,  which  are  made  witU 
partitions  by  which  the  air  is  caused  to  I 
i  ascend  in  a  zigzag  course.   The  air  passes  r 
from  the  upper  parts  of  these  chambers  into 
pipes,  which  rise  from  eai^h  side,  and  from 
the  hack,  meet  at  the  middle  of  the  stove 
over  tho  Ure,  and  deliver  the  warmed  air  into 
a  shallow  receptacle  on  the  top  of  the  stove, 
whence  it  passes  tlu-ough  numerous  openings 
into  the  room.  These  openin»?s  are  formed 
by  short  pieces  of  tube  which  are  llxed  to  the 
bottom  of  a  shallow  tray  containing  water, 
and  rise  through  the  water.  By  this  means, 
moisture  is  distrihiited  with  the  air  into  the 
building.    The  j>roducts  of  coniluislion  are 
led  away  through  a  descendiuff  Hue  at  the  J 
back,  under  the  floor.   (Burns  silkstone.) 

5  1 

010 

520 

300  0 

1-05 

RECENT  HEATING-STOVES. 


565 


Of  these  stoves,  the  most  remarkable  was  that  exhibited  by  Mr.  0.  B.  Gregory,  of 
Beverley,  New  Jersey,  U.S.  In  the  form  shown,  it  was,  perhaps,  rather  more  a 
"furnace"  than  a  stove,  applicable  to  domestic  purposes.  It  was  enclosed  m  a 
cubical  casing  of  cast-iron,  lined  with  fire-brick.  The  fresh  fuel  is  charged  into  a 
steeply-inclined  hopper  of  fire-brick,  and  falls  upon  a  horizontal  grate.  Air  is  ad- 
mitted to  the  fuel  at  the  lower  part  of  the  hopper,  and  through  the  grate.  Air  is 
also  admitted  at  the  front ;  it  passes  along  the  sides  in  contact  with,  and  heated  by, 
the  hopper,  and  is  discharged  at  the  throat  of  the  furnace  in  two  streams  from  oppo- 
site sides,  meeting  and  mingling  with  the  half-burned  gases  from  the  fire.  Complete 
combustion  is  thus  efiected.  When  tested  with  an  hourly  consumption  of  21  lbs.  of 
Wallsend  coal,  no  visible  smoke  was  produced,  a  result  not  attained  by  any  other 
apparatus.  Its  heating-power,  as  will  be  seen  by  a  reference  to  the  tables,  was  very 
great.  In  fact,  as  already  observed,  all  stoves  give  a  much  greater  result  for  the 
fuel  used  than  the  best  of  open  fireplaces ;  but  this  result  is  obtained  at  the  cost  of 
the  other  comparative  disadvantages  abeady  mentioned,  and  which  will  be  again 
dealt  with  farther  on. 

Mr.  K  W.  Crosthwaite  exhibited  an  Armstead's  stove  with  Gregory's  improve- 
ment, which  gave  excellent  results ;  as  did  Cornforth's  "  Little  Wonder  "  stove,  the 
bottom  bars  of  which  are  hollow,  air  heated  by  passing  through  them  being  admitted 
to  support  combustion,  so  as  to  prevent  the  formation  of  smoke.  In  this  particular 
the  arrangement  appeared  very  efficient. 

Amongst  other  stoves  exhibited  which  may  be  mentioned  was  Jobson's  Slow 
Combustion  Gill-stove.  It  consists  of  a  number  of  open  frame-like  diaphragms 
laid  side  by  side,  and  bolted  together  with  front  and  back  plates,  forming  a 
close  stove  with  twenty  exterior  gills.  It  is  divided  into  two  unequal  parts 
by  a  vertical  partition,  the  larger  of  which  is  the  fireplace,  having  a  grid  at 
the  lower  end  and  an  ash-box.  The  draught  is  passed  directly  upwards  for  lighting 
up,  and  is  next  reversed,  passing  downwards  through  the  grate,  and  upwards 
through  the  smaller  compartment  to  the  flue.  The  gases  are  met  by  a  current  of 
air  issuing  from  the  partition,  which  is  hollow,  to  be  consumed. 

And  also  Doulton's  Spiral  Stove  may  be  mentioned,  consisting  of  several 
superposed  rings  forming  chambers.  The  fireplace  is  formed  in  the  lowest 
chamber,  whence  the  gaseous  products  rise  into  and  pass  round  each  ring  in 
succession ;  they  pass  off  from  the  uppermost  ring  to  the  chimney.  The  rings  are 
supported  one  on  the  other  by  perforated  edges,  through  which  air  enters  and 
becomes  heated.  The  heated  air  passes  into  and  flows  up  the  central  cylindrical 
shaft,  whence  it  is  discharged  through  a  perforated  covering.  Air  also  is  admitted 
into  a  compartment  next  the  fireplace,  and  being  there  heated,  joins  the  other 
cun-ents  of  air  and  escapes  at  the  top. 

Messrs.  Doulton  also  exhibited  a  Top-feeding  Stove,  in  stoneware.  This  is  a 
square  upright  stove,  divided  by  a  vertical  partition,  forming  at  one  side  a  hopper 
for  the  charging  of  coal,  which  gradually  falls  to  replace  the  fuel  consumed.  The 
gaseous  products  pass  through  an  opening  near  the  base  of  the  partition  into  the 
other  compartment,  where  they  meet  an  additional  supply  of  air  ;  and  from  the 
upper  part  of  this  compartment  the  gases  pass  into  the  flue.  It  is  designed  thus  to 
consume  all  the  smoke.  Fresh  air  is  admitted  into  the  lateral  warming-spaces, 
from  the  upper  parts  of  which  it  escapes  into  the  room. 
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The  following  were  the  successful  stoves  for  burnmg  anthracite 


or  coke  : — 


Name  op 

EXUIBITOa. 


Musgrave 
and  Co. 


Harry 
Hunt. 


Harry 
Hunt. 


Franz 
Lonholdt. 


Anthracite  and  Coke. 

'  Slow-combustion  Stove.  An  upriglit  cylin-' 
der  of  cast-iron,  lined  and  floored  with  flre- 
clay,  having  an  ash-door  at  the  bottom  and  a 
feeding-dour  at  the  top.  The  gases  rise  to 
the  to]),  and  pass  over  the  back  into  a 
descending  flue,  whence  the  current  turns 
under  a  jiartition  into  an  ascending  flue, 
whence,  by  a  nozzle  at  the  upper  part,  it 
passes  into  the  chimney.  Fresh  air  is  ad- 
mitted at  the  lower  jiart  into  a  casing  en- 
veloping the  cylinder  and  the  flues.  It  is 
warmed  as  it  ascends  in  contact  with  their 
surfaces,  and  escapes  into  the  room  at  the 

"-•upper  part. 

'Economy"  Base-bnrner  Hall  Stove,  for^ 
smokeless  fuels.  The  body  is  a  cylinder  of 
cast-iron,  on  a  cast-iron  base  to  iirovide  the 
base  flues.  The  fuel  is  burned  in  a  cylindrical 
flre-pot  of  Hre-cluy.  like  that  of  the  "Eco- 
nomy Portable  Stove,  having  a  tilting  grid 
at  the  bottom.  The  fuel  is  fllled  into  an 
upright  hojiper  above  the  Are,  whence  it  is 
supplied  by  gravitation  as  the  Are  burns 
away.  The  gaseous  products  pass  over  the 
top  of  the  llre-iiot,  and  descend  at  each  Ride 
into  the  base  o£  the  stove,  beneiith  the  lire- 
chamber,  within  which  they  circulate.  Thence 
they  p.ass  ofl:  by  a  flue-pipe  to  the  chimney, 
ihe  charging-door  is  formed  with  panes  of 
,talo. 

■  "Crown  Jewel"  Base-burner  Hall  Stovc,--| 
for  burning  anthracite  and  other  smokeless 
fuels.  The  fuel  is  burned  in  a  hemi.spherical 
flre-basket  of  cast-iron  in  three  pieces ;  the 
body  and  the  grid-saucer,  with  a  sliding  plate 
at  the  bottom.  The  body  is  grilled  all  round 
at  the  lower  part  for  the  admission  of  air,  in 
addition  to  the  air  admitted  through  the  grid. 
The  i>late  may  be  shaken,  or  it  may  be  with- 
drawn, to  let  fall  the  ash,  or  the  whole  of  the 
Are,  into  the  ash-pnn.  The  draught  jinsses 
over  the  edge  of  the  lire-basket,  and  descends 
to  the  base,  where  it  circulates  below  the 
asb-iian  prior  to  passing  off  to  the  chimney  by 
a  back  flue. 

C  Anthracite  Stove,  hase-burning.  It  is  an"^ 
upright  stove  of  cast-iron,  having  panes  of 
talc  to  show  the  Are.  The  Are  is  contained  in 
a  circular  basket,  into  which  the  fuel  Is  sup- 
plied from  an  upright  cylinder  or  hopper 
above  the  basket.  It  uasabottoni  grid,  which 
is  movable  for  sh.aking  our.  ash  and  cinders, 
without  causing  dust,  as  the  ash  falls  into  a 
pan  enclosed  beneath  the  grate.  The  grate- 
basket  is  isolated,  and  does  not  touch  the 
inner  casing  in  which  it  is  enclosed.  Air 
from  the  room,  as  well  as  fresh  external  air, 
circulates  through  upright  tubes  at  the  sides 
of  the  grate,  where  it  is  heated  and  whence  it 
passes  in  upward  streams  into  the  room. 
Foul  air  from  the  room  is  passed  throuKli  a 
ventilator  into  the  smoke-flue  before  it  enters 
the  chimney.  The  iiroducts  of  combustion 
are  drawn  downwards,  and  they  circulate  in 
the  base  of  the  stove  before  they  jiass  to  the 
chimney.  The  sujjply  of  air  for  combustion 
can  be  regulated  or  shut  off.  By  this  means, 
with  the  admission  of  air  into  the  flue,  the 
Are  in  the  stove  can  be  regulated  to  burn 
several  days  and  nights  continuously,  with 
one  supply  of  fuel.  If  charged  with  fuel  at 
intervals  of  from  twenty-four  to  forty-eight 
hours,  the  stove  burns  continuously  through-  , 
out  the  winter. 


2  8i 


0  5  42  0 


2  61  0  12 


4J 


51-44 


3-31 


212-92 


36-0 


0  5 


40-0 


51-90 


53-48  4-81 


6-58 


165-83 


177-89  181-43 


181-25 


114 


C6 


0-0 


83-25 


132 


109 


1-50 


EECENT  HEATING-STOVES. 


567 


O 
O 

i 

o 
u 

CJ 

a 

'rt 

o 
o 

TEMPBBATnnES. 

OniMSET. 

CHKiltOAL 

Tests. 

PC  fis 
M- 

a  2 
2 

1  every  1  ,ooo  parts  of  Carbon 
.  CO,  there  are  of  Hydrogen 
ee  and  combined  with  Car- 
m  in  the  gaseous  state. 

c  < 
E  — 
rxiui 

Name  of 
b-xhibitor. 

Dbsoeiption. 

ASH. 

External. 

Average  at  walls 
6ft.  high. 

Average  difference  due  to  1 
diation  sft.high.fift. from  1 

Average  velocity  of 
Draught. 

u 

"at 

>  3 
<i3 

)  every  i,000  parts  of  Carl 
CO,  there  are  of  Oarbor 
rH!/-t-0O. 

Average. 

K  V.  — 

Antheacite  and  Coke  (continued). 
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r  Ventilating  Stove.tiurningnntbracUe.  This' 
is  an  upriglit  cast-iron  cylinder,  enclosing  an 
inner  cylinder,  ot  which  the  lower  part  is 
occupied  by  the  fireplace,  and  the  upper  part 
is  nart'owed  to  a  swan-neck  form  conducting 
the  gaseous  products  to  the  fluc-pipe.  The 
fireplace  is  of  iron,  with  a  grid  at  the  bottom. 
The  air  requiredfor  burning  the  fuel  is  drawn 
from  the  apartment ;  and  the  same  air  is 
allowed  to  pass  upwards  outside  the  fire-pot, 

1  to  meet  and  mingle  with  the  gaseous  pro-  ^ 

1  ducts,  and  to  pass  off  with  them.  The  Inter- 
spnce  between  the  outer  and  the  inner 
cylinder  is  occupied  by  fresh  air  admitted  at 
the  lower  part,  which  is  heated  as  it  ascends, 
and  passes  into  the  room  at  the  upper  part  of 
the  outer  cylinder.  A  pan  of  water  is  placed 
beneath  the  fire-pot,  and  water  is  lodged  on 
the  top  of  the  stove  for  evaporation  into  the 
room.  The  casing  is  lined  with  a  uon-cou- 

^ducting  substance. 
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J.  Wads- 
worth. 

f  The  "Pioneer,"  a  warming,  ventilating," 
and  cooking  apparatus.  A  close  stove,  burn- 
ing coke.  The  stove  is  cubical,  of  charcoal 
iron  sheets,  36in.  high,  20in.  wide,  16in.  deep. 
The  fireplace,  which  is  at  the  bottom,  is  7in. 
by  6in.,  and  Tin.  deep,  grated  in  front,  with  a 
hob-plate  at  the  top,  having  a  6in.  epening, 
with  a  hinged  cover.  The  fireplace,  indented 
into  the  casing,  and  fiush  with  it,  is  enclosed 
and  over-aixhed  by  pliiting,  so  as  to  leave  a 
space  above  the  hob  for  cooking.   It  is  en- 
closed in  front  by  a  lean-to,  paved  with  talc, 
to  let  the  fire  be  seen.  A  sliding  damper  is 
fitted  at  each  side  of  the  fireplace,  under  the 
hob,  to  regulate  the  draught  which  passes  cifC 
from  the  fireplace  into  the  interior  of  the 
casing,  where  air  Is  heated.    The  air  to  be 
heated  comes  from  the  external  atmosphere 
through  a  pipe,  and  is  delivered  into  a  shal- 
low chamber  at  the  base,  whence  it  passes 
upwards  through  five  fiat  conduits,  30in. 
high,  of  which  three  aro  5in.  by  lin.,  and  two 
are  Sin.  by  lin.  Air  from  the  room,  near  the 

J.  fioor,  is  also  admitted  at  the  base  of  the  j> 
stove,  to  pass  up  through  four  conduits.  Sin. 
by  lin.  in  section.  Through  the  nine  conduits 
here  noticed  the  air  passes  upwards  within 
the  casing,  enveloped  by  the  hot  gases  from 
the  fire.  The  air  becomes  heatedasit  ascends, 
and  is  distributed  warm  into   the  I'oom 
throuKh  mimerous  apertures  in  a  shallow 
chamber  at  the  top,  in  which  the  heated  cur- 
rents of  air  are  collected.    Foul  air  is  col- 
lected from  the  upper  part  of  the  room 
through  a  ventilator,  and  is  conducted  by  a 
pipe  in  the  chimney,  where  it  becomes  warm 
as  it  descends,  and  is  delivered  below  and 
above  the  fire,  to  supply  air  for  combustion. 
The    products   of    combustion  pass  iiway 
through  the  back  of  the  stove,  at  the  level  of 
half  the  height  of  the  stove,  into  the  flue  to 
the  chimney.    Stray  gases  and  fumes  from 
the  hob-plate  are  conducted  through  the 
crown  of  the  arch  enclosure  into  the  flue-pipe. 
Cooking  can  be  eltectually  conducted  on  the 
hob;  and,  l)y  enclosing  the  space  over  the 
Lhhb,  small  joints  can  be  roasted. 
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Among  these  stoves  for  burning  smokeless  fuel  there  "were  t-wo  which  deserve 
special  mention,  viz.,  that  of  Franz  Lonholdt,  and  the  "Crown  Jewel"  stove  of 
Harry  Hunt.    In  these  stoves  a  somewhat  novel  feature,  the  "base-burning" 
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arrangement,  as  xntroduced,  which  appears  to  give  satisfactory  results  in  improvia.. 
the  efficiency  of  the  fuel.  The  former  is  also  provided  4h  a  good  autom^b 
feeding  arrangement,  and  the  supply  of  the  fuel  can  be  so  regulated  that  combustion 
IS  maintained  with  a  very  small  expenditure,  and  the  fire  will  burn  for  twenty-four 
hours  or  longer  without  attention.     .  ^ 

Amongst  the  varieties  of  stoves'  are  some  which  have  been  introduced  and 
extended  m  late  years,  which  are  unprovided  with  any  means  for  removing  the 
products  of  combustion.  From  time  immemorial  use  has  been  made  in  the  south 
of  Europe,  in  the  winter,  of  '^hraseros,"  a  metal  dish  or  box  containing  H<.hted 
charcoal,  employed  to  warm  the  room,  or  else  employed  as  a  foot-warmer.  In  lar^e 
rooms  with  loosely-fitting  doors  and  windows,  such  as  are  found  in  Spain,  Italy 
and  Portugal,  the  fumes  from  the  charcoal  may  have  been  comparatively  innocuous' 
In  more  modern  houses,  with  small  rooms  and  with  closely-fittmg  doors  and 
wmdows,  such  an  apparatus  for  heating  the  rooms  becomes  a  serious  source  of 
danger,  from  the  fumes  of  carbonic  acid  and  carbonic  oxide  which  they  develop 
Examples  of  death  from  the  use  of  this  method  of  warming  rooms  are  numerous  on 
the  continent  of  Europe ;  and  charcoal  burnt  in  a  dish  used  to  be  a  favourite 
mode  of  suicide  in  Paris,  untH  the  theory  was  enunciated  that  death  by  charcoal 
fumes  was  very  painful. 

Similarly  injurious  are  the  stoves  without  chimneys,  adapted  to  bum  gas, 
mineral  oil,  paraffin,  or  other  combustible,  of  which  yearly  new  examples  are 
introduced. 

In  cases  where  some  small  portable  apparatus  for  the  temporary  warming  of  a 
room  is  wanted,  it  would  be  easy  to  avail  oneself  of  the  method  adopted  by  the 
London  and  North-Western  and  some  other  railway  companies  for  their  foot- 
warmers.  These  are  fiUed  with  crystals  of  acetate  of  soda,  which  melts  at  a 
temperature  a  little  over  200°,  and  in  the  process  of  again  crystallising  it  throws 
out  the  heat,  and  continues  to  do  so  in  the  case  of  the  foot-warmers  for  twenty 
hours. 
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CHAPTER  LY. 

CHIMNEYS  AND  HEATING-POWER. 
Temperature  and  Volume  of  Gases  in  Chimneys-Loss  of  Heat-Observations  on  CHmneys. 

THE  temperature  in  the  chimneys  tested  by  Mr.  D.  K.  Clark  at  the  S^^^e  -^^'^^^ 
ment  Exhibition  averaged,  for  the  whole  of  the  open  fireplaces  exhibited,  197  iahr. 
The  temperature  in  the  chimneys  submitted  to  special  tests  averaged  222  iahr. 
It  was  in  some  cases  as  high  as  350°,  and  in  others  as  low  as  110°.  It  is  evident 
that  the  efficiency  of  the  chimney,  as  an  engine  of  ventUation,  depends  upon  the 
temperature. 

The  velocity  of  the  draught  in  the  chimney,  in  conjunction  with  the  temperature 
of  the  ascending  air-current,  supplies  a  means  of  measuring  the  quantity  of  gaseous 
products  and  air  in  mixture,  together  with  the  quantity  of  heat  which  passes  up 
the  chimney. 

In  the  experiments  made  for  the  Smoke  Abatement  Exhibition,  the  cliimneys 
were  circular,  and  averaged  8f  inches  in  diameter.  As  already  stated,  the  tem- 
peratures of  the  ascending  currents  from  the  open  grates  (Classes  1  to  5)  were  about 
197°  Fahr.,  and  the  volume  of  gases  passed  up  the  chimney  per  hour  averaged 
7,500  cubic  feet.  The  following  table  shows  the  volume  of  the  draught  in  the 
chimney,  per  lb.  of  coal,  for  the  several  classes  of  grates  : — 


Class. 

Yolnme  of  gases  passed 
up  cTiinmey  per  lb. 
of  coal. 

Average  rise  of 
temperature  in  tbe 
room  per  lb.  of  coal. 

Cubic  feet. 

Deg.  Fahr. 

1 

1,904 

2-88 

2 

2,266 

3-18 

3 

2,440 

3-81 

4 

2,134 

3-05 

5 

1,875 

3-38 

Average. 

2,099 

3-26 

From  this  it  appears  that,  in  round  numbers,  the  open  grates  passed  up  2,100 
cubic  feet  per  pound  of  fuel  consumed. 

The  grates  (Class  3,  underfed)  which  passed  up  the  maximum  quantity  of  gaseous 
mixture  per  pound  of  coal  consumed — 2,440  cubic  feet — are  precisely  those  which 
develop  the  maximum  efficiency,  3-81  degrees  rise  of  temperature  per  pound  of  coal, 
notwithstanding  that  the  combustion  is  not  generally  of  the  most  nearly  complete 
character. 

And  it  is  still  more  notable  that  the  open  grates  of  Class  6,  having  a  downward 
or  a  backward  direct  draught,  and  which  afford  the  minimum  quantity  of  mixed 
current  up  the  chimney — 1,875  cubic  feet  per  pound  of  fuel — rank  next  in  efficiency 
to  those  {Class  3)  which  send  up  the  maximum  current.  They  raise  the  tempera- 
ture 3-38  degrees  per  pound  of  fuel  burnt  per  hour. 

Thus  the  two  classes  wliich  direct  the  draught  through  the  incandescent  fujl — 
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upwards  m  Class  3,  and  do^vnwards  in  Class  5-exlnbit  the  maximum  efficiency  for 
open  grates ;  although  the  class  with  the  upward  draught  causes  the  largestf  and 
the  class  with  the  downward  draught  causes  the  smallest,  volume  of  gases  to  pass 
away  up  the  chimney.  J3  i 

Mr.  D.  K  Clark's  experiments  enabled  him  to  form  a  very  fair  idea  of  the 
distnbution  of  the  heat  generated  by  the  open  fire,  and  the  following  are  the  general 
conclusions  upon  this  subject  at  which  he  amved  in  his  report 

Supposing  that  the  fuel  is  perfectly  burned,  it  may,  for  the  present  purpose,  be 
assumed  that  150  cubic  feet  of  air  at  62°  is  consumed  in  burning  one  pound  of  fuel 
and  that  the  gaseous  products  of  combustion  evolved  occupy  equal  volumes  at  equal 
temperatures.  But  inasmuch  as  an  average  of  2,100  cubic  feet  of  upward  cun-ent 
passes  off,  for  each  pound  of  fuel  consumed  in  open  grates,  it  follows  that  the  direct 
chemical  products  of  combustion  are  diluted  to  the  extent  of  14  volumes;  that  is, 
that  the  direct  chemical  products  are  mixed  with  thirteen  times  their  volume  of 


air. 


This  current  consists,  for  by  far  the  greater  part,  of  atmospheric  air,  and  there- 
fore its  specific  heat  may  be  taken  as  that  of  aii-,  namely,  0-238.  Its  specific  gi-avity 
may  also  be  taken  as  equal  to  that  of  air.  1  lb.  of  air  at  62°  Fahr.  has  a  volume  of 
13  cubic  feet,  therefore  the  weight  of  2,100  cubic  feet  passed  off  for  1  lb.  of  coal  is 
(2,100 -r  13  =  )  161  lbs.,  and  the  quantity  of  heat  carried  off  per  pound  of  coal  is 
(161  X  0-238  = )  38-3  units  for  1°  rise  of  temperature.  The  average  temperature  of 
the  escaping  current  was  197°;  and,  deducting  the  external  temperature,  which 
averaged  40°,  the  rise  of  temperature  was  (197-40  =  )  157  degrees.  The  total 
quantity  of  heat  of  combustion  carried  off  was,  on  this  basis  (38-3  units  x  157  =  ), 
6,013  units  for  each  pound  of  coal.  The  heat  of  combustion  of  coal  of  average 
composition,  which  may  for  the  present  be  adopted,  is  equal  to  14,000  units,  and  it 
follows  that  the  wasted  heat  carried  up  the  chimney  is  (6,013  x  100  -f  14,000  =  )  43 
per  cent,  of  the  total  heat  of  combustion. 

It  is  here  assumed  that  the  fuel  is  completely  burned.  But  usually,  to  a  great 
extent,  the  combustion  is  incomplete,  and  therefore  the  percentage  proportion  of 
heat  sent  up  the  chimney  may  be  greater  than  this. 

The  next  point  to  consider  is  how  the  heat  of  combustion  is  distributed. 
Assuming  43  per  cent,  of  the  total  heat  of  combustion  of  coal  from  open 
grates  passes  up  the  chimney,  and  24  per  cent,  from  close  stoves,  the  remaining 
57  per  cent,  and  76  per  cent,  respectively  are  dispersed  by  conduction  through  the 
back  and  sides  of  the  grate,  by  air-convection  at  the  heated  surfaces  of  the  grate,  l)y 
radiation,  and  by  a  remainder  due  to  incompleteness  of  combustion.  Of  these,  the 
heat  that  is  radiated  from  the  open  fire,  or  the  close  stove,  constitutes  the  largest 
proportion.  According  to  the  results  of  M.  Peclet's  experiments,  one-fourth  of  the 
total  heat  combustion  of  wood  was  radiated ;  and  one-half  that  of  charcoal ;  flaming 
fuel  in  the  first  case,  flameless  in  the  second  case.  For  the  case  of  coal,  it  may  be 
accepted  that  the  proportion  of  heat  radiated  from  the  fuel  varies  between  these 
limits. 

To  form,  incidentally,  an  estimate  of  the  proportion  of  heat  absorbed  in  raising 
the  temperature  of  the  air  in  the  room,  let  it  be  assumed  that  all  the  air  which 
goes  up  the  chimney  is  previously  heated  to  the  temperature  of  the  room  : — that  is, 
taking  averages,  that  2,100  cubic  feet  at  62°,  per  pound  of  coal,  for  open  grates,  are 
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■      from  the  temperature  of  the  external  atmosphere  to  the  average  temperature 
.iVrol      iX'lin.  to  the  results  previously  mentioned,  an  elevation  o 
m  the  room.     Accoiam^  ,1       t       An°  +n  Pi7°  or  17°     The  heat  required 
temperature  would  have  taken  place  from  40   to  57  ,  or  1/  .    -Lne  h 
o  rL  2  100  cubic  feet  (at  62"),  or  161  lbs.,  of  air,  through  17    would  be 
3  units  X  17°  = )  651  unit  .    The  quantity  is  4-65  per  cent,  of  the  whole  heat  of 
1  u^roJ  one   ound  of  coal.    ThL  would  be  the  percentages  of  t^e  to^l  hea 
utilised  in  raising  the  temperature  of  the  air  in  the  ix,om,  even  ^^^J^ 
of  the  air  that  enters  and  leaves  the  room  to  be  continuously  replaced  by  fresh  air. 
B  is  not,  therefore,  in  simply  warming  the  air  in  the  room  that  the  greatest  con- 

sumption  of  heat  takes  place.  .    .    i   i.     u  +c 

The  enclosing  waUs,  floor,  and  roof  of  the  rooms  are  the  principal  absorbents  ot 
heat.  It  may  be  assumed  that  they  are,  in  the  course  of  the  trial,  raised  in 
temperature  to  nearly,  if  not  equal  to,  the  maximum  observed  temperature  of  the 

air  close  to  them. 

It  may  be  generally  assumed  from  the  experiments,  that— 

With  open  grates  tlie  teat  earned  ofE  up  the  chimney  was    .       .       .       .  43  per  cent. 

radiated  and  conducted  heat,  absorbed  by  walls   .  42  „ 
lost  bv  tadiation  and  conduction  externally  and 

by  imperfect  combustion   J-o  » 

100 

The  experiments  of  the  Smoke  Abatement  Committee  afford  a  comparison 
between  the  heatiug-power  of  open  fires  and  close  stoves. 

The  general  conclusions  drawn  from  these  experiments  were  that  stoves  are 
more  efiective  than  any  class  of  open  grates,  for  prevention  of  smoke.  In  the 
stoves,  the  supply  of  air  for  combustion  is  strictly  regulated,  and  is  forcibly  mixed 
with  the  hot  gases.  The  following  table  shows  the  most  remarkable  results  of  the 
performance  from  both  methods,  placed  respectively  in  the  order  of  eiBciency  : — 


Class. 


No. 

4 

1 
5 
o 
3 
3 
1 
3 
5 
5 


2 
2 
5 
3 


ExMbitor  and  Open  Grate. 


WallsencI, 
Antkracite 
or  Coke. 


H.  E.  Hoole.  Reflector   

T.  Potter  and  Son.  Thermhydric  

T.  E.  Parker.  Vencedor   

M.  Feetham  and  Co.  Hurst  Grate 
W.  S.  MelviUe.    Shovel  Underfeed 

E.  E.  Hollands.  Underfeed   

Barnard  and  Co.    Anthracite  Grate 
E.  H.  Shorland.  Undershovol 
Steel  and  Garland.    Kensington  ... 
The  Coalbrookdale  Company.  Kyrlo 

T.  Eeetham  and  Co.    Hurst  Grate  

Barnard  and  Co.    Glow  Firo   

J.  B.  Potter.  Nautilus   

Doulton  and  Co.    Tile  Grate   

J.  T.  Rcovc.  Filter  Chamber  Register  Grate 
Brown  and  Green.  Underfeed 


Rise  of 
Tempera- 

tui'e 
per  lb.  of 

Fuel 
per  hour. 


w. 
w. 
w. 

A. 
W. 

w. 

A. 
W. 
W. 
A. 

W. 

W. 
W. 

^y. 
w. 
w. 


Deg.  F. 
6-33 
5-16 
5-06 
5-03 
4-93 
4-90 
4-90 
4-71 
4-58 
4-53 
4-22 
4-12 
4-00 

3-  00 

4-  12 
3-78 
3-lG 
2-8.5 


Eadiation 
per  lb.  of 

Fuel 
per  hour. 


Deg.  P. 

6-  06 
5-35 

2-  79 
5-02 

3-  50 

3-  62 

4-  68 

3-  60 

7-  78 

4-  53 
7-01 

5-  04 

6-  44 
3-38 

2-  59 

3-  44 
3-72 


1-  41 

2-  36 

3-  77 
2-81 

1-  33 
0-91 

2-  12 
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Class. 

Exliibitor  and  Grate. 

i 

1 

"Wallsend, 
Anthracite 
or  Coke. 

Rise  of 
Tempera- 
ture 
per  lb.  of 

Fuel 
per  hour. 

Radiation 
per  lb.  of 

Fuel 
per  hour. 

i 

Smoke- 
shade 
State 

Oto  10. 

No. 

Close  Stoves. ; 

F.  Lonholdt  ... 

w.  stobbs   

XL.  xiuni.    Hiconomy  i  ortable 

Yates,  Haywood  and  Co.    Miser  , 

H.  Hunt.    Crown  Jewel 

J.  Cornforth.    Little  Wonder 

H.  J.  Newnome 

E.  W.  Crosthwaite.  Gregory 

A. 

A. 

A. 
W. 

A. 
W. 
W. 
W. 

Deg.  F. 

11-51 
11-33 
8-11 
6-80 
6-66 
6-00 
4-80 
3-76 

Deg.  F. 

2-  44 

3-  67 
2-78 
2-41 
2-00 
2-98 
2-02 
1-64 

'  

4-48 

0-69 
2-00 
0-46 

Slow  Comlinaf.in'n  "Ppo+q  frw  t  n-nr»  "o^-^z^ji 

Musgrave  and  Co  

B.  J.  EHivgenberg- 

C.  Portway  and  Sons 

P.  Lonholdt  

C. 
W. 
C. 
A. 

4-  17 

5-  09 
7-30 

13-41 

9-85 
2-00 
12-91 
11-18 

Not 
ObservecJ 

The  rise  of  temperature  from  stoves  was  about  one-tliird  better  than  the  avera<re 
of  the  open  fires,  and  one-sixth  better  than  the  best.  But  the  radiation  was  smaller 
with  close  stoves  than  with  open  fires. 

The  average  smoke-shade  in  the  close  stoves,  reckoned  as  before  from  0  to  10, 
was  2-11,  this  being  lower  than  the  best  of  any  class  of  open  fires. 

The  stoves  burning  anthracite  were  more  eflTective  than  tliose  burning  bituminous 
coal.  The  following  table  compares  the  close  stoves  with  the  average  of  classes  1, 
4,  and  5,  open  grates  : — 


Akthhacite. 
Deg.  Fahr. 

Wallsend. 
Deg.  Fahr. 

Close  Stoves. 

Open  Grates. 

Close  Stoves. 

Open  Grates. 

Close  stoves 

Eise  of  temperature  per 
lb.  of  fuel 

Radiation    per  lb.  of 
fuel  .... 

5-61 
2-37 

2-  91 

3-  19 

4-48  • 
1-79 

3-00 
3-47 

From  this  it  is  clear  that  with  the  close  stoves  the  rise  of  temperature  per  lb.  of 
fuel  was  much  greater  than  the  open  grates,  but  that  the  radiation  was  remarkably 
low. 

It  was  to  be  expected  that  there  would  be  a  gi-eater  radiation  from  open  gi-ates 
than  from  stoves,  because  the  radiation  from  the  front  of  the  fire  is  unobstructed  in 
the  grates,  whilst  the  radiation  from  the  stoves  is  transmitted  through  the  sides ; 
but  this  radiation  in  the  stoves  was  from  all  sides  when  the  stove  stood  clear  of 
the  walls. 
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As  regards  the  variation  of  temperature  at  different  levels,  the  close  st( 
not  equalise  the  temperature  in  the  room  so  well  as  the  open  grates,  as  may 
from  the  following  table  : — 


ArE-HEATINO  AND  VENTILATINa 

Grates  and  Stoves. 

Non-air-heating  Grates  and 
Stoves. 

Class. 

Temperatures  at  the  followiug  Levels 
atove  the  Floor. 
Deg.  Fahr. 

Temperatures  at  the  following  Levels 
above  the  Floor. 
Deg.  Fahr. 

6  inches. 

6  feet. 

14  feet. 

6  inches. 

6  feet. 

14  feet. 

Averages  of  open  grates, 
classes  1  to  5  . 

52-6 

57-0 

59-6 

53-0 

56-9 

59-5 

Close  stoves  . 

50-9 

57-2 

62-4 

63-0 

68-8 

71-0 

The  following  is  the  average  rise  of  temperature  per  lb.  of  fuel  and  I'adiation 
with  stoves  with^  as  compared  to  those  without,  air-heating  appliances  : — 


Average  Rise  of  Temjierature 
per  lb.  of  Fuel  per  Hour. 

Average  Radiation  per  lb.  of 
Fuel  per  Hour. 

Average 
Smoke-shade 
for 

WaUsend. 

Anthi-aclte. 

Wallsend. 

Anthracite. 

Wallsend 
Coal. 

Air-lieatiiig 
Non-air-heating 

Deg.  Fahr. 

3-  79 

4-  23 

Deg.  Fahr. 
7-79 
4-64 

Deg.  Fahr. 
1-78 
1-64 

Deg.  Fahr. 
2-32 
2-39 

Deg.  Fahr. 

1-  58 

2-  25 

Total  . 

4-14 

5-61 

1.66 

2-37 

2.11 

The  air-heating  appliances  do  not  appear  to  be  economical  with  Wallsend  coal, 
but  with  anthracite  they  appear  to  effect  great  economy.  The  velocity  of  draught- 
in  the  chimney  with  close  stoves  averages  275  feet  per  minute,  and  the  temperature 
in  the  chimney  200°  Fahr. ;  and  whilst,  in  round  numbers,  the  open  grates  passed 
up,  on  the  average,  2,100  cubic  feet  per  pound  of  fuel  consumed,  the  close  stoves 
passed  up  only  1,160  cubic  feet,  or  about  half  the  quantity  from  open  grates,  which 
shows  how  much  more  ventilation  is  obtained  by  open  grates  than  by  close  stoves. 
This  was  with  the  small  chimneys  used  in  the  testing-rooms,  which  had  an  area  of 
somewhere  about  60  square  inches.  The  area  of  a  flue  for  an  open  fire  in  ordinary 
use  is  about  156  square  inches;  whereas  the  area  of  a  stove-flue,  as  used  in  rooms 
and  halls,  rarely  exceeds  that  of  the  flue  in  the  testing-room ;  and  consequently  the 
diflerence  in  actiial  life  in  the  amount  of  ventilation  which  would  be  afibrded  by 
an  open  fire  over  a  close  stove  would  be  much  greater  than  that  shown  by  the  ex- 
periments. 

With  close  stoves  the  gaseous  products  in  the  chimney  amount  to  about  12  J  per 
cent.,  and  the  atmospheric  air  to  87^  per  cent.,  or  about  8  times  the  gaseous 
products ;  and  it  may  be  assumed  that  about  24  per  cent,  of  the  total  heat  generated 
by  the  fuel  is  carried  up  through  the  chimney— assuming  that  the  fuel  is  com- 
pletely burned,  otherwise  the  proportion  must  be  greater. 
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It  fmthex  appeared  from  the  experiments,  that  the  heat  from  the  combustion  ot 
the  fuel  was  distributed  as  follows  :-Heat  carried  up  chimney,  24  per  cent  •  heat 
radiated  and  conducted  by  walls,  54  per  cent.  ;  heat  lost  by  radiation  and  conduc 
tion  externally,  and  heat  lost  by  imperfections  of  combustion,  22  per  cent  Thus  a 
greater  proportion  of  the  heat  generated  is  conveyed  to  the  room  and  walls  with 
close  stoves  than  with  open  fires. 

These  are  a  few  practical  observations  on  chimneys  which  are  worth  notin- 
_     A  chimney  to  which  less  air  is  supplied  than  the  fire  requires,  as  may  h°appen 
in  a  room  with  tight-fitting  doors  and  windows,  and  without  other  apertures  for  the 
admission  of  air,  often  has  two  currents,  as  in  Fig.  228,  one  upwards  from  the  fire 
and  another  from  the  top  downwards;  these  two  currents  meeting  just  above  the 

fire,  part  of  the  smoke  is  driven 
into  the  room. 

If  the  chimney  be  divided  by  a 
partition  into  two  flues,  one  of 
which  opens  into  the  room  at  the 
side  of  the  chimney,  and  the  other 
directly  over  the  fire,  a  descending 
current  will  be  established  in  one 
and  an  ascending  current  in  the 
other,  wliich  cannot  interfere,  and 
the  smoking  will  cease. 

When  the  chimney-breast  is  too 
high  and  the  chimney  large,  the 
portion  of  air  passing  up  the  chim- 
ney is  drawn  from  a  large  space, 
and    the   current   being  propor- 
tionally feeble,  the  flame  which  is 
usually  drawn  backward  is  left  to 
■rise  vertically,  and  may  escape  into  the  room.    The  air  Avhich  enters  the  chimney 
does  not  approach  the  fuel,  and  is  consequently  less  heated,  and  the  current  is 
diminished. 

If  the  chimney  is  brought  do-\vn  low,  all  the  air  passes  near  the  fire,  and  the 
velocity  of  the  smoke  is  increased. 

When  two  chimneys  are  in  the  same  room  or  communicate  with  each  other 
through  an  open  door,  one  will  often  overpower  the  other.  To  prevent  this,  a 
sufficient  supply  of  air  must  be  provided  for  each,  without  drawing  upon  the  other. 

If  a  chimney  be  colder  than  the  air  of  the  room  with  which  it  communicates, 
a  current  may  be  established  downwards,  and  we  may  have  not  only  the  smell  of 
soot  but  the  smoke  of  a  neighbouring  flue,  in  the  room.  In  the  "Annales  d'Hygitoe' 
it  is  recorded  that  two  individuals  were  found  dead  in  their  beds,  in  a  room  in 
which  no  charcoal  had  been  burnt,  and  which  had  an  open  chimney  without  aiij 
fire  in  it.  After  careful  investigation  it  was  ascertained  that  a  slow  charcoal  or 
coke  fire  had  been  kept  in  the  next  room,  from  Avhich  the  fumes  were  carried  up  in 
a  flue  adjoining  that  of  the  room  where  the  deaths  occurred ;  and,  partly  by  its 
overpowering  influence,  and  partly  by  the  coldness  of  the  flue,  the  carbonic  acid 
.and  carbonic  oxide  had  descended  into  the  room  in  suflicient  quantity  to  destroy  life. 
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If  a  chimney  be  narrowed  at  its  lower  extremity,  the  velocity  of  smoke  through 
the  openinc^  will  be  greatly  increased,  but  the  total  amount  of  air  escaping  will  be 
diminished^  If  the  narrow  part  be  at  the  top  of  the  chimney,  the  heated  air  will 
move  more  rapidly  as  it  escapes  into  the  atmosphere,  often  mth  a  velocity  which 
prevents  its  being  blown  down  by  the  wind  ;  but  if  the  contraction  is 
beyond  a  certain  limit,  it  is  followed  by  a  diminution  in  the  draught 
chimney  which  defeats  the  object.  The  chimney-top  should 
be  less  in  area  than  one-half 


carried 
of  the 


or 


chimney  to  some 
air  escaping,  and 
as  an  engine  of 
should  be 


never  De  less  m  arwa,  wx^o-^c.x.        one-third  the 

diameter  of  the  chimney. 

Every  alteration  in  the  area  of  a 
extent  diminishes  the  total  amount  of 
diminisJies  the  power  of  the  chimney 
ventilation;   therefore,  alterations    in  area 
xivoided  as  much  as  possible. 

There  are  other  points  connected  with  the  connection 
of  chimney-flues  which  deserve  notice,  and  which  follow 
from  previous  remarks  which  we  have  made. 

If  two  currents  of  smoke  in  the  two  flues,  a  and  b 
(Fig.  229),  having  difierent  velocities,  enter  another  flue,  c, 
at  right  angles,  the  one  having  the  greater  velocity  will  diminish  that  of  the  less, 
according  to  its  excess.  If  the  velocities  be  precisely  similar,  no  change  of  velocity 
^  take  place  in  either;  they  wHl  both  be  directed  upward.  The  best  mode  of 
obviating  the  ill  effects  of  such  counter-currents  is  represented  in  Fig.  229,  in 

which  the  dotted  line,  d,  represents  a  division  placed 
perpendicularly  between  the  two  currents,  giving  them 
both  the  same  direction  before  they  join. 

It  has  been  observed  that  when  a  current  of  smoke  from 
a  flue  enters  a  vertical  chimney  horizontally,  it  not  only 
materially  checks  the  current  in  the  latter,  but  if  the 
former  is  very  rapid,  it  may  even  destroy  that  in  the  ver- 
tical chimney  as  effectually  as  a  valve. 

In  such  cases,  the  inconvenience  of  these  opposing  cur- 
rents may  be  obviated  by  placing  a  plate  of  iron  in  the 
upright  flue,  as  at  c  (Fig.  230),  which  shall  give  the  smoke 
in  the  channel,  a,  a  movement  in  the  same  direction  as 
that  in  the  channel  b  ;  this  plate  must  be  laid  in  such  a 
manner  as  not  to  form  a  ledge  for  the  accumulation  of  soot. 
In  all  cases  of  one  flue  entering  another  flue,  the  flues 
should  be  so  arranged  that  the  smoke  shall  assume  a 
direction  approaching  that  of  the  axis  of  the  chimney 
into  which  they  enter. 

"Where  a  flue  is  horizontal  for  a  portion  of  its  length, 
the  connections  with  the  vertical  flue  require  great  care  ; 
they  should  be  carefully  rounded  so  as  to  lead  the  gases 
in  as  favourable  a  manner  as  possible  into  the  vertical  portion ;  as  a  general  rule 
it  is  prudent  to  make  the  vertical  flue  at  least  twice  as  long  as  the  horizontal 
jflue. 


Fig.  230. 
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CHAPTER  LVL 

GAS-HEATING  APPLIANCES. 
Advantages  of  Gas  as  Fuel-Gas  a^d  Coke  Fires-Asbestos  Fires-Various  Forms  of  Gas-heatino 


Stoves. 


Theee  has  been  much  progress  made  of  late  years  in  the  use  of  gas.  This  fuel 
IS  clean  smokeless,  and  with  it  a  fire  can  be  produced  in  full  action  at  the  moment 
at  which  It  is  wanted,  and  it  can  be  put  out  as  soon  as  the  special  purpose  for 
winch  It  has  been  wanted  has  been  fulfilled.  It  is  this  advantage  that  makes 
gas  economical  m  cooking,  if  applied  under  the  direction  of  a  careful  housekeeper 
But  if  the  fire  is  allowed  to  go  on  burning  after  the  immediate  want  is  satis- 
fied, then  the  economy  of  gas  fuel  soon  disappears,  But  on  the  other  hand  the 
cleanliness  and  absence  of  dust  with  gas  fires  is  so  marked,  that  the  use  of  gas 
would  save  an  appreciable  sum  in  servants'  wages.  In  speaking  of  the  question 
of  economy,  the  Jurors  of  the  Smoke  Abatement  Exhibition  observed  that  the 
various  apparatus  which  they  submitted  to  trials  showed  a  wide  range  of  con- 
sumption, some  apparatus  requiring  for  the  same  description  of  work  fully  three 
times  as  much  gas  as  others.  They  said  that  "The  general  tendency  amongst 
manufacturers  is  evidently  towards  the  study  and  application  of  economical 
principles ;  in  which  some  have  been  already  conspicuously  successful,  while  still 
leaving  room  for  further  improvement.  The  fact  that  a  12  lb.  joint  can  be 
cooked  in  London  at  a  cost  of  very  little  more  than  a  penny  for  gas,  with  a 
prospect  that  this  may  be  farther  reduced,  ought  to  prevail  with  many  a  house- 
holder to  try  gas  cooking,  if  only  as  an  auxiliary  to  his  present  appliances;" 

"Without  doubt  there  is  a  great  future  before  gas  as  a  heating  agent.  If  it 
were  possible  to  adopt  it  universally  in  houses,  the  smoke  nuisance  would  almost 
vanish.  Therefore  too  much  publicity  cannot  be  given  to  the  various  uses  to 
which  it  can  be  ajDplied.  For  so  simple  a  purpose  as  ironing,  the  laundress  may  be 
materially  assisted  by  such  an  arrangement  as  was  exhibited  at  the  Smoke  Abate- 
ment Exhibition,  for  keeping  irons  continually  hot  while  in  use  by  means  of  a  gas 
jet.  Eor  the  rapid  heating  of  water  for  the  supply  of  baths  and  other  domestic 
purposes,  gas  was  shown  to  lend  itself  with  great  facility ;  the  action  of  the  heaters 
consisting  of  the  application  of  the  gas  to  a  stream  of  water  on  its  flow  from  the 
pipe  or  cistern  to  the  point  of  use,  the  temperature  being  raised  in  proportion  to  the 
quantity  of  gas  used  and  the  volume  of  water  delivered. 

Heating-stoves  were  represented  by  almost  every  conceivable  form,  from  the 
suspended  fire-basket  to  the  elaborate  and  scientifically-constructed  ventilating-stove. 
A  ventilating-stove,  when  properly  constructed  and  put  in  action,  may  be  made  to 
secure  a  constant  ingress  of  warmed  fresh  air,  and  thus  any  desired  temperature 
may  be  maintained  in  a  room,  without  sensible  variation  for  almost  any  length  of 
time,  and  without  the  trouble  of  attendance  and  regulation.  At  the  same  time  the 
products  of  combustion  are  carefully  got  rid  of — a  point  of  great  importance,  and 
upon  which  it  is  impossible  to  lay  too  much  stress  ;  indeed,  the  gas  stove  is  only 
admissible  when  provided  with  a  means  for  the  escape  of  the  products  of  combus- 
tion ;  especially  as  this  condition  may  in  all  cases  be  satisfactorily  fulfilled  without 
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^vasting  much  heat.    It  is  also  preferable  that  gas  stoves  should  be  adapted  to 

supply  fresh  -warmed  air. 

The  tests  which  were  made  with  the  various  heating-stoves  exhibited  show  that 
.any  room  of  moderate  dimensions  may  be  effectually  warmed  by  one  or  other  of 
them  with  a  consumption  of  gas  not  exceeding  from  10  to  15  feet  per  hour.  The 
following  table  shows  the  best  results  obtained  at  the  Smoke  Abatement  ExHbition 
by  Mr.  D.  K.  Clark  with  gas  stoves.  The  tests  were  made  in  the  rooms  already 
mentioned,  the  sizes  of  which  have  been  given. 
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Cox's  ventilating  gas  stove  consists  of  a  vertical  cylinder  covered  with  a  non- 
conducting substance,  heated  by  luminous  jets  of  gas,  burning  at  the  lower  part, 
the  fumes  ascending  into  the  interior  and  escaping  at  the  back  of  the  lower  part. 
Fresh  air  from  without  is  introduced  at  the  lower  part,  separated  from  the  gaseous 
fumes,  and  ascends  and  is  heated  in  vertical  tubes,  from  which  it  is  collected  in  a 
perforated  chamber  at  the  top,  whence  it  is  discharged  into  the  room. 

Dr.  Bond's  Euthermic  ventilating  gas  stove,  Pattern  B.  consists  of  four  con- 
centric vertical  cylinders,  forming  a  central  cylindrical  chamber,  and  three  annular 
spaces.  Air  from  the  room  is  admitted  into  the  central  chamber  and  the  second 
annular  chamber  at  the  lower  end,  and  ascends  to  the  top,  whence  it  escapes  heated 
into  the  room.  A  ring-burner  of  atmospheric  gas,  on  a  swinging  bracket,  is  placed 
at  the  lower  end  of  the  first  annular  chamber,  the  hot  gaseous  products  ascend 
to  the  top,  then  descend  by  the  outer  annular  chamber  to  the  lower  part,  whence 
they  pass  off  by  the  Hue.  The  air  passing  through  the  stove  becomes  heated  by 
conduction  through  the  intervening  cylinders.  The  outermost  cylinder,  or  the  casing, 
is  corrugated  in  order  to  augment  the  external  surface  for  radiation  and  conduction. 

Dr.  Bond's  gas  stove.  Pattern  A,  may  be  described  as  follows  : — Within  an  up- 
light  corrugated  metal  cylinder  an  inverted  cone  is  fixed,  into  which  fresh  air  is 
admitted  at  the  lower  and  smaller  end.  The  air  ascends  to  the  top,  and  is  thence 
discharged  into  the  room.  Heat  is  supplied  from  an  aimular  burner  of  atmospheric 
gas  at  the  lower  end,  surrounding  the  inverted  cone.  The  hot  products  rise  and  fill 
the  casing  surrounding  the  cone.  They  descend  from  the  top  through  a  number  of 
tubes  outside  the  casing,  from  the  lower  end  of  which  they  pass  away  into  a  flue 
The  air,  in  ascending  within  the  inverted  cone,  becomes  heated,  wliilst  heat  is  also 
given  off  from  the  casing  by  radiation  and  conduction. 
41 
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Gas  fires  require  no  attendance  and  create  no  dust  in  the  room,  but  they  are  not 
however,  so  economical  in  point  of  consumption  as  stoves  which  burn  coal  or  coke^ 
their  eflfect  depending  mainly  upon  the  amount  of  radiant  heat  which  they  are  capable 
of  producing,  so  that  probably  not  more  than  one-third  of  the  total  heat  produced  by 
the  combustion  of  the  gas  is  made  available  in  this  form ;  nevertheless,  a  very  fair 
eflect  is  in  some  instances  produced  with  a  consumption  of  not  more  than  18  to  20  feet 
per  hour.  As  a  matter  of  course,  gas  used  in  this  way  cannot  be  so  economical 
solid  fuel,  with  which  it  compares  favourably  only  when  the  heat  evolved  by  it  can 
be  completely  utilised  ;  and  the  desire  of  the  public  for  a  cheerful,  clean,  and  at  the 
same  time  economical  fire  has  been  sought  to  be  met  by  combining  with  gas  some 
form  of  solid  fuel. 

Amongst  the  more  prominent  of  these  is  Dr.  Siemens'  gas  and  coke  fire.  There 
Avere  several  exhibited  at  the  Smoke  Abatement  Exhibition.  The  foUowins  is  the 
form  exhibited  by  Messrs.  Waddell  and  Main :  —The  back  of  the  fireplace  is- 
covered  by  a  wall-plate  of  copper,  reaching  half  above  the  floor-plate  of  the  tire  and 
half  below.  The  floor-plate,  or  "  dead-plate,"  is  riveted  to  the  wall-plate,  and  stops 
short  about  an  inch  from  the  front  bars.  Into  this  interval  a  half-iach  gas-pi])e  is 
laid,  drilled  with  one-sixteenth  of  an  inch  holes,  one  and  a  half  inches  apart  at  the 
upper  side,  inclining  inwards  at  an  angle  of  50°  with  the  vertical.  A  supply  of 
heated  air  for  combustion  is  provided  by  the  insertion  of  a  kneed  iron  plate,  under 
the  dead-plate  and  near  the  wall-plate,  so  as  to  form  a  kneed  channel,  one  inch  wide, 
through  which  the  air  ascends  at  the  back,  and  then  passes  horizontally  to  the  front, 
where  it  meets  the  jets  of  gas.  Tlie  air  is  heated  on  its  way  through  the  passage 
thus  provided  for  it,  and  the  heating-surface  is  augmented  by  the  insertion  of  a 
corrugated  sheet  of  copper  in  the  vertical  part  of  the  passage,  subdividing  it  into- 
channels ;  so  much  so  that  the  air,  it  is  said,  can  be  raised  to  upwards  of  600°  F.  of 
temperature.  The  flame  and  hot  products  play  upon  and  are  dispersed  in  the  body 
of  coke  laid  upon  the  dead-plate,  the  coke  is  thus  ignited  and  becomes  incandescent. 
After  it  becomes  thoroughly  ignited  the  gas  may  be  turned  ofi".  The  following  table 
shows  the  results  of  Mr.  D.  K.  Clark's  trials  of  the  two  Siemens'  gas  and  coke  fires 
to  which  prizes  were  awarded. 
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From  the  Jurors'  report  made  on  these  fires  at  the  Smoke  Abatement  Exhibi- 
tion, it  did  not  appear  that  any  distinct  advantage  is  the  result  of  such  a  combination 
beyond  the  fact  that,  by  the  occasional  aid  of  a  gas-flame,  the  combustion  of  coke 
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may  be  sustained  much  more  satisfactorily  and  under  less  favourable  conditions  as 
re"-ards  draught  than  would  be  the  case  without  gas. 

°  Other  forms  of  gas  fires  devised  for  giving  off  radiant  heat  are  made  with  asbestos. 
Of  these  we  may  mention  Hislop's  metallic  gas  fire.  A  fire-clay  hollow  backmg,  m 
which  iron  is  mLxed  to  give  diii-ability,  is  placed  on  a  solid  floor-plate,  and  is  covered 
with  asbestos  in  pieces.  Gas  is  admitted  within  the  backing,  and  is  discharged 
through  numerous  small  orifices  into  the  body  of  asbestos,  where  it  burns,  the 
asbest'os  being  raised  to  incandescence.  S.  Leoni  and  Co.'s  gas  and  asbestos  fire  is 
adapted  to  an  ordinary  grate.  A  fire-clay  back  is  inserted,  also  a  fire-clay  front  tile, 
behind  the  bars  and  a  little  clear  of  them.  The  space  between  the  two  tiles  is 
filled  with  asbestos,  which  is  heated  by  atmospheric  flames  introduced  from  below. 
A  sheet  of  atmospheric  gas  is  burned  against  the  face  of  the  front  tile,  which  is 
trimmed  with  asbestos,  and  becomes  highly  heated  and  radiates  heat  into  the 
room. 

S.  Leoni  and  Co.  also  have  an  incandescent  radiator  gas  fire.  A  fire-tile  in  an. 
iron  frame  is  hung  on  the  front  bars  of  a  grate,  trimmed  with  asbestos  on  the  face, 
and  heated  by  atmospheric  gas  from  the  lower  edge.  The  results  of  the  trials  of 
this  fire  are  as  follows  : — 


Namf.  of 
exhibitou. 


S.  Leoni  &  Co. 


ai 
-« 

S 

O  . 

E-( 
pi 

o2 

Name  of  Appabatits. 

a 

c 

cub. 

ii.  111. 

ft. 

i  0 

71 

■a 


•A 


Deg. 
F. 
51 


Tejii'kuatcrh. 


At  walls  eft.  bigli. 


Deg. 

F. 
52-25 


Deg. 
F. 

56-47 


o  u 
Eio:3 


Deg. 
58-75 


Difflerencediie 
to  radiation 
6ft.  from  flrer 
5ft.  high. 


?  3 


Deg. 
F. 

8-0 


<  a 


Deg. 

F. 
11  34 


There  has  recently  been  introduced  a  gas  stove,  called  the  Lux  Calor  stove, 
constructed  as  follows : — One  or  two  hollow  columns  or  tubes,  on  a  hollow  base, 
support  a  hollow  chamber  at  the  top.  One  or  two  jets  of  gas  burn  near  the  upper 
part,  from  which  the  gaseous  products  are  conducted  into  the  upper  chamber, 
whence  they  pass  down  inside  the  columns.  The  products  are  cooled,  and  partially 
condensed,  collecting  at  the  bottom,  where  the  remaining  gas  is  passed  off  behind 
into  the  room ;  as,  in  the  opinion  of  the  inventors,  there  is  no  flue  required. 

The  following  is  the  test  of  this  stove  by  Mr.  D.  K.  Clark  : — 
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It  is  claimed  for  this  stove  that  it  can  be  used  in  a  room  to  supersede  a  coil  of 
hot-water  pipes.  There  is  no  doubt  that  a  proportion  of  the  deleterious  matter 
evolved  in  combustion  is  condensed,  yet  as  the  combustion  takes  place  entirely 
in  the  room,  without  any  communication  with  the  outside,  its  use  cannot  be 
recommended  except  in  places  where  there  is  a  considerable  change  of  air. 

Gas  stoves  have  also  been  proposed,  in  which  the  products  of  combustion  are 
passed  through  layers  of  lime,  rusted  iron,  and  other  materials,  so  as  to  absorb  their 
deleterious  compounds.    Such  stoves  may  possibly  be  successfully  adapted  to 
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Fig.  231.  Fig.  232. 


A  IS  the  top  of  the  tube,  made  of  irou  or  zmc  to  render  it  fire-      Diagram  No.  232  :-h,  regulating-valve  in  tube; 

proof  ;  B,  the  coil,  c,  au  air-buruer ;  j>,  a  shield  perf9rated  j  air-hole  cut  through  the  wall ;  ci.st-irou 

at  the  bottom  to  prevent  the  cuiTcnt  of  air  passing  up  gratins  ;  L,  month  of  pipe  for  cainiug  <.ff 

the  tube  affecting  the  flame  ;  e,  the  pipe  to  cai-iy  oft  the  pi-Q^ucts  of  combustion  ;  dimensions  of 

products  of  combustion  ;  f,  three-eighths  gas-pipe,  led  the  air-tube  20  in.  by  9  in.  and  42  in. 

from  the  most  convenient  source  to  supply  the  air-buruer;  ' 
G  shows  the  gas-pipe  brought  down  from  a  bracket. 

Alarming  rooms  under  special  conditions;  but,  as  a  broad  principle,  it  may  be  said 
that  no  stove  is  safe  which  does  not  provide  for  the  complete  removal  of  the 
products  of  combustion  from  the  occupied  space  it  is  designed  to  warm. 

In  this  connection  may  be  mentioned  a  method  of  heating  a  supply  of  fi'esh  an- 
for  rooms  by  means  of  gas,  proposed  by  Mr.  Boyle,  and  recently  put  m  operation  in 
the  Council-chamber  at  the  Guildhall. 

It  consists  of  a  coil  of  pipe  placed  in  the  top  part  of  a  vertical  tube,  as  shown 
in  the  annexed  Figs.  231  and  232. 
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The  action  of  this  ventilator  at  the  Guildhall  maybe  described  as  follows  :-The 
aiJfex  rlcted  from  the  ceiling  of  the  Council-chamber  by  -^^^^  f  ^^^^^^^ 
Mr  Boyle's  ventilating  cowls;  whilst  the  fresh  air  to  replace  that  ^^^f'^^^^'l 
I  suppU  I  as  follows  :-0n  the  south  side  of  the  chamber  four  vertical  air-tubes  ox 
wLtL  fixed  against  the  wall,  two  2  ft.  by  2^  in.  by  3  ft.,  "r  P 
a  little  hi-her  up  in  the  wall,  being  1ft.  Gin.  by  4  m.  by  2  ft.     These  tubes 
ommuJ^^^^^^^^^^^      holes  cut  through  the  walls,  2  ft.  by  8 in.,  finished  ^^^^on 
oTatings.    These  air  inlets  are  all  fitted  with  Messrs.  Boyle's  patent  1-aters  foi 
farming  the  supply  of  air  to  any  temperature  required  as  it  passes  mto  the  build^ 
inc.;  the  north  wall  is  similarly  treated  to  the  south,  >vith  the  exception  of  having 
an  extra  tube  at  the  end  where  the  Lord  Mayor  sits.    At  the  public  end  of  the 
chamber  three  inlet-tubes  are  fixed,  one  at  each  side  and  one  m  the  centre,  also 
fitted  with  the  air-warming  arrangement.    An  abundant  supply  of  au'  is  admitted 
through  these  tubes,  and  tests  have  shown  that  the  air  can  be  warmed  in  cold 
weather  to  a  temperature- of  from  60°  to  120°,  thus  preventing  cold  draughts.  _ 

This  plan  of  warming  the  air  admitted  into  rooms  is  undoubtedly  simple ; 
and  if,  as  it  is  understood,  it  can  be  arranged  that  the  products  of  com- 
bustion be  entirely  cut  oflf  from  the  possibility  of  passing  into  the  air  entering 
the  room,  it  would  be  a  very  convenient  and  useful  arrangement  under  certain 
circumstances. 

The  experiments  made  by  Mr.  D.  K.  Clark,  for  the  Smoke  Abatement  Com- 
mittee, on  heating  by  gas,  showed  that  the  rise  of  temperature  per  ten  cubic  feet  of 
gas  per  hour  was  2°  Fahrenheit.  Therefore,  taking  the  cost  for  gas  at  3s.  6d.  per 
1,000  cubic  feet,  the  cost  per  ten  cubic  feet  per  hour  would  amount  to  042d., 
capable  of  raising  the  average  temperature  2°  Fahrenheit. 

To  compare  the  cost  of  heating  by  gas  with  the  cost  of  heating  by  coal,  the 
average  rise  of  temperature  per  pound  of  Wallsend  coal  consumed  per  hour  was 
found  to  be  4-14° ;  say  2°  per  half-pound  of  coal  per  hour.  Allowing  20s.  per  ton 
as  the  cost  of  coal,  the  cost  of  half  a  pound  would  be  0-107d.,  against  0-42d.,  the 
cost  of  gas  doing  equal  duties. 

There  was  a  comparative  test  made  at  the  Smoke  Abatement  Exhibition  by  Mr. 
D.  K.  Clark,  of  a  hot-water  apparatus  for  warming  greenhouses,  exliibited  by 
Messrs.  Hocking,  Franklin,  and  Co.,  in  which  the  eflect  of  using  gas  was  contrasted 
with  the  use  of  coke.  This  apparatus  consisted  of  a  small  stove,  connected  with 
two  circuit  lines  of  cast-iron  pipes,  through  which  the  heated  water  circulated,  leav- 
ing the  stove  at  the  upper  part  and  returning  to  it  at  the  lower  part,  after  having 
twice  made  the  circuit  of  the  room.  The  boiler  is  vertical,  of  the  form  of  a  trun- 
cated cone,  made  with  a  shell  and  a  fire-box,  inclosing  a  1-^  inch  water-space  for  the 
circulation  of  water.  It  is  18f  inches  in  diameter  at  the  bottom,  and  13  inches  at 
the  top.  The  grate  is  circular,  14  inches  in  diameter.  The  boiler  stands  on  an  ash- 
box.  It  is  fed  from  a  hopper,  consisting  of  a  cylinder  15  inches  in  diameter  and  24 
inches  deep,  placed  on  the  top  of  the  boiler,  delivering  into  an  8-inch  tube,  depend- 
ing into  the  boiler  for  two-thirds  of  the  depth,  and  surrounded  by  a  water-jacket. 
The  upper  cylinder  is  only  employed  for  long  periods  of  heating.  The  burnt  gases 
escape  direct  from  the  upper  part  by  a  flue  to  the  chimney.  The  circulating-pipes 
are  3  inches  in  diameter  inside,  and  have  a  total  length  of  160^  feet,  presenting  on 
the  outside  136^  square  feet  of  area  for  warming  by  conduction  and  radiation.  The 
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coils  are  5|  inches  apai-t  between  their  centre  lines,  and  the  centre  of  the  lower  coil 
is  11  inches  above  the  floor. 

Por  the  test,  2  lb.  of  wood  and  lU  lb.  of  gas  coke  were  consumed  in  45A  hours 
the  consumption  of  coke  being  at  the  rate  of  2|^  lb.  per  hour. 

The  same  system  of  warming-pipes  was  heated  by  gas,  which  was  burned  in  a 
cylindrical  vertical  boiler,  in  which  the  burnt  gases  rise  through  a  central  cylinder, 
water-jacketed,  and  through  annular  spaces  suiTounding  it,  into  the  upper  part' 
whence  they  escape  into  the  flue.  The  test  lasted  6  hours  40  minutes,  with  a  con- 
sumption of  330  cubic  feet  of  gas,  being  at  the  rate  of  about  60  cubic  feet  per  hour. 

Eise  of  Temperature. 

Hocking  Apparatus,  with  hot-water  pipes,  per  lb.  of  fuel     .       .       ,  .^^^i-Qo'^' 

^  ",     ..                      "              per  10  cubic  feet  of  gas      .       .  3-0 
Other  Gas-heating  Stoves,  per  10  cubic  feet  of  gas  2-0 
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CHAPTER  LVII. 

HEATING  BY  HOT  WATER  AND  STEAM-GENERAL  OBSERVATIONS  ON  THE 
RETENTION  OF  HEAT  IN  HOUSES. 

H„„  pipes  ..^^^^^^^^^ 

^JVIZ  wt":can  be  Regulate.  ,v.h  exaC...    TH.  MgW 
temperature  o£  the  pipes,  the  greater  is  the  effect  m  warming  a,r. 

Lter  boils  at  213"  Fahrenheit  under  the  atmosphene.pre  sure  of  U  7  lb-  P- 
«  inch,  or  30  inches  ot  mercury,  i.e.,  at  about  the  sea-leve  .  Under  oneJra 
that  pi-essJre,  vi...  7-31b.  per  square  inch,  or  ^  ^l"-  f  * 
at  180"  ■  under  a  pressure  of  44  lb.  per  square  mch  it  boils  at  291  ,  and  under  a 
pressure  of  1321b  per  square  inch  it  boils  at  357"  Fahrenheit.  Thus,  a  high 
Smperature  may  be  obtained  from  water  ^vithout  generating  steam  by  heatmg  it 
uilr  pressure.'  Salt  water,  saturated  with  41-2  lb.  of  salt  per  1001b.  of  water, 
boils  at  237°,  and  freezes  at  about  the  zero  of  Fahrenheit. 

There  ore  a  few  points  connected  with  the  heating  of  water  which  should  be 

allucled  to.  ,  „  .  ,i 

The  heating-vessels  of  hot-water  ^varmmg-apparatl^s  are  not    boilers    m  tlie 
ordinary  acceptation  of  the  term.    They  are  simply  that  part  of  the  system  ot 

.  circulation  to  which  the  action  of  the  prime  mover,  heat,  is  applied ;  and  they  difier 
essentially  from  steam-boilers  in  that  their  contents  onght  not  to  "  boil.  ilie 
construction  of  a  hot-water  apparatus  boiler  should  promote  such  a  rapid  circulation 
of  the  water  through  it  that  the  heated  water  leaves  it  before  reaching  the 
temperature  at  which  steam  should  be  formed.  The  formation  of  steam  would 
interfere  vnth  the  circulation  of  the  water  in  a  hot-water  warmmg-apparatus,  and 
it  is  only  when  the  circulation  is  impeded  that  ebullition  takes  place. 

As  no  steam  is  intended  to  be  formed,  it  is  unnecessary  to  provide  steam-room 
in  the  boiler  of  a  hot-water  apparatus,  and  the  entire  capacity  of  these  boilers  in 
proportion  to  their  surfaces  and  area  of  fire-grate  may  therefore  be  less  than  in 
steam-boilers.  AVith  a  sufficiently  free  circulation,  the  "capacity"  is  of  less 
importance  than  the  extent  of  surface  presented  for  the  reception  of  heat.  ^  The 
boilers  of  hot-water  apparatus  being  always  full  of  water  and  the  water  being  in 
constant  circulation,  there  is  no  direct  relation  between  the  capacity  of  a  boiler  and 
the  quantity  of  pipe  it  is  capable  of  heating ;  but  on  the  other  hand,  the  economical 
effect  of  a  boiler  is  closely  connected  with  the  proportionate  extent  of  surface  which 
it  presents  for  the  reception  of  heat,  as  compared  with  the  surface  of  pipes  which 
give  out  heat. 

Any  estimate  of  the  efficiency  of  a  boiler  depends  upon  the  assumption  that  the 
form  of  the  boiler  is  such  that  the  surfaces  are  favourably  disposed  for  the  reception 
of  heat  and  its  communication  to  the  water,  and  that  its  interior  shape  permits  free 
■  circulation  in  every  part.    The  position  of  the  surfaces  should  be  such  as  to  allow 
the  cooler  water  free  access  to  the  plates,  and  the  readiest  escape  of  those  particles 
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economical  use  of  the  coal  pan  nril^r  i.^  i  i.  iurnace;  and  the 

recipient  surface  "  io  tru^te  LaTfaml^'T  °  *°  "'^ 

^.ater  ^®  ^"^^  ^^'^  communicate  it  to  the- 


^^^^l^^^'^'y^'  ^  f^ir  economical  effect  may  be  obtained  from  hot-water  boilers 
by  gmng  them  from  ten  to  twelve  feet  of  heated  surface  for  each  foot  ofte-g  t 

heat  on    fit  of  ^T^'^^^^^P-^d  --ption  and  communicatfon  of 

tm  2Tto  SO  f   ,  "  generally  assumed,  in  round  numbers,  to  heat 

horn  2/  to  30  feet  of  4-uich  pipe,  or  30  to  35  feet  superficial. 

heot^d'  ^fT  P^P^^  '^^P^^^^^  "P°^^        -P--rd  flow  of  the 

heated  and  expanded  water,  as  it  pa.sses  from  the  boiler,  being  made  as  direct  as 
possible  and  so  protected  as  to  lose  little  heat  between  the  boiler  and  the  p  ace 
WW  the  heat  is  to  be  utilised.  The  return-pipe,  which  brings  the  water  aft^i 
has  been  coo  ed  down  by  the  abstraction  of  heat  in  warming  the  air  should  be 
passed  m  to  the  bottom  of  the  boiler  as  directly,  and  in  as  uniform  a  line  W  tlie 
place  where  the  heat  has  been  used,  as  possible.  The  velocity  of  flow  in  the  pipes 
will  depend  upon  the  temperature  at  which  the  water  leaves  the  boiler,  the  heiiht 
to  which  the  heated  water  has  to  rise,  and  the  temperature  at  which  it  passes  down 
the  return-pipe  back  into  the  boiler.  The  efficiency  of  a  hot-water  apparatus  will 
be  regulated  by  these  conditions,  by  the  sizes  of  the  pipe,  and- by  such  other 
conditions  as  aflect  the  flow  of  water  in  pipes. 

It  is  therefore  especially  necessary,  in  applying  this  source  of  warming,  to  have 
the  advice  of  persons  practically  conversant  with  the  question,  and  not  to  trust  to. 
theoretical  views  alone. 

It  will  be  evident  that  to  obtain  an  equal  velocity  of  flow  when  the  height  of 
the  vertical  column  is  small,  the  temperature  at  which  the  water  returns  to  the- 
boiler  must  be  lower  than  when  the  vertical  column  is  long.  Therefore,  when- the 
boiler  or  source  of  heat  is  very  near  the  level  of  the  pipes  for  heating  the  air,  the 
average  temperature  which  can  be  obtained  in  the  pipes  will  be  lower  than  when 
the  vertical  column  is  long.  Hence,  the  heating-surface  and  grate-area  of  the 
boiler,  and  the  surface  of  pipe  which  enables  the  heat  from  the  boiler  to  be  utilised, 
must  be  regulated  with  reference  to  this  difference  of  level. 

It  may  further  be  assumed  that  with  small  pipes,  the  temperature  being 
constant,  the  velocity  of  flow  in  the  pipe  necessary  to  furnish  a  given  amount  of 
heat  will  vary  in  the  ratio  of  the  length  of  the  pipe. 

When  the  water  is  under  ordinary  atmospheric  pressure,  and  circulates  through 
the  pipes  by  virtue  of  the  difference  of  temperature  of  the  flow  and  return  currents 
only,  it  is  impossible  to  count  upon  a  greater  mean  temperatui-e  of  the  pipes  than 
from  160°  to  180°,  because  above  that  temperature  the  water  in  the  boiler  begins  to 
l)oiI,  and  causes  an  overflow  of  the  supply-cistern  and  escape  of  steam  at  the  air- 
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pipes.  In  order  to  obtain  a  sufficient  velocity  of  circulation  for  long  distances,  or 
with  small  diflFerences  of  level,  a  forced  circulation  may  be  resorted  to,  as  lias  been 
done  by  Messrs.  Easton  and  Anderson  at  the  County  Lunatic  Asylum  at  Banstead. 

There  two  pipes  are  laid  side  by  side,  one  of  which  communicates  with  the- 
boilers,  and  is  termed  the  flow-pipe;  the  other,  termed  the  return-pipe,  is  connected 
with  the  feed-cistern  for  the  boilers,  which  cistern  is  situated  above  the  level  of  the 
boilers.  Both  pipes  are  connected  with  the  various  coils  to  which  the  heated  water 
is  desired  to  be  conveyed  by  valves,  which  can  be  opened  or  closed  at  will.  An 
Archimedean  screw-pump  is  fixed  on  the  return-pipe  near  the  point  where  the  pipe- 
ascends  into  the  cistern.  This  pump  is  always  kept  at  work.  When  the  com- 
mimications  between  the  flow  and  return-pipes  are  closed,  the  screw  simply  slips- 
through  the  water ;  as  soon  as  any  communication  is  opened,  the  screw  draws 
the  water  along  the  pipe  and  forces  it  into  the  cistern,  thus  ensuring  a  constant 
circulation. 

Heating  by  hot  water  under  pressure  has  been  largely  carried  out  by  Messrs. 
Perkins. 

By  the  Perkins  system,  the  water  is  heated  under  considerable  pressure,  and  a 
higher  temperature  is  thus  obtainable  than  with  ordinary  pressures. 

In  its  simplest  form  the  apparatus  consists  of  a  continuous  or  endless  iron  tube- 
of  about  one  iach  diameter,  closed  in  aU  parts,  and  filled  with  water.  The  joints 
are  screw  joints,  connected  within  a  socket  forming  a  right  and  left  hand  screw. 
About  one-sixth  part  of  the  tube  is  coiled  in  any  suitable  form  and  placed  in  the- 
furnace,  and  the  other  five-sixths,  forming  the  surface  which  gives  out  the  heat 
thus  communicated  to  the  water,  are  heated  by  the  circulation  of  the  water  which 
flows  from  the  top  of  this  coil ;  and,  cooling  in  its  progress  through  the  building,- 
returns  to  the  bottom  of  the  coil  to  be  re-heated. 

Water,  when  heated  from  about  40°  to  212°  Fahrenheit,  expands  about  5  per 
cent.,  and  it  requires  about  28,000  lb.  to  the  square  inch  to  compress  water 
5  per  cent,  of  its  bulk.  Hence,  a  tube  called  an  expansion-tube  is  placed  above  the 
highest  level  of  the  smaller  tubes  which  convey  the  heat  to  the  distant  parts  of  the- 
building.  This  tube  is  of  larger  diameter  than  those  used  as  heating-surfaces,  and 
its  length  and  capacity  are  proportioned  to  the  quantity  of  tube  to  which  it  is 
attached. 

The  filling-tube  of  the  apparatus  is  placed  on  a  level  with  the  bottom  of  this 
expansion-tube  so  as  perfectly  to  fill  all  the  small  tubes,  and  yet  prevent  the 
possibility  of  filling  the  expansion-tube  itself.  The  expansion-tube,  being  then 
left  empty,  allows  the  water,  as  it  becomes  heated,  to  expand  without  endangering 
the  bursting  of  the  smaller  tubes. 

The  apparatus  is  fiUed  by  an  opening  connected  with  the  low^est  line  of  tubing, 
so  that  the  water,  as  it  rises,  drives  the  air  before  it,  and  out  through  an  opening 
in  the  expansion-tube.  Great  care  must  be  taken  to  expel  all  air  from  the  pipes 
by  repeatedly  forcing  water  through  them.  When  the  pipes  are  filled,  both  the 
opening  in  the  filling-tubes  and  the  opening  in  the  expansion-tube  are  closed  by 
screw  plugs. 

The  form  and  size  of  the  furnace  varies  according  to  the  locality  and  the  work 
the  pipes  have  to  do. 

A  temperature  of  as  much  as  300^  Fahrcnlieit  can  be  obtained  in  the  tubes. 
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Theoretically  this  apparatus  would  go  on  for  an  unlimited  time  without  requir- 
ing attention,  because  there  would  be  no  loss  of  water  from  evaporation,  and  as  the 
water  is  not  changed,  and  as  most  of  the  oxygen  it  contains  is  removed  from  the  air 
in  the  process  of  filtering,  there  is  no  oxidation  or  rusting  of  the  p-pes.  There 
are  houses  where  the  system  has  been  in  use  for  some  years  without  requiring 
.attention. 

The  use  of  steam  for  heating  pipes  possesses  a  similar  advantage  to  hot  water 
tinder  pressure — viz.,  it  afibrds  a  high  temperature  in  the  pipes ;  and  when  the 
object  is  to  warm  air,  the  higher  the  temperature  of  the  pipes  the  greater  is  the 
comparative  effect.  Thus  pipes  heated  by  hot  water  under  pressure  convey  heat  to 
the  air  with  greater  rapidity  than  pipes  heated  by  hot  water  at  low  pressures ;  and 
steam-pipes  are  more  effective  than  hot-water  pipes  ;  and  steam  at  a  high  pressure 
is  more  effective  than  low-pressure  steam,  , 

In  heating  by  steam  or  by  water  under  considerable  pressure  instead  of  by 
water  at  the  ordinary  pressure,  there  is  the  advantage  that  the  high  temperature 
obtained  in  the  pipes  causes  the  consequent  radiation  of  a  large  proportion  of  heat 
to  the  walls  of  a  room. 

The  conditions  to  be  followed  in  the  form  and  construction  of  steam-boilers  are 
somewhat  different  from  those  for  hot-water  boilers ;  but  their  consideration  is 
beyond  the  limits  of  this  paper. 

Heating  by  steam  has  been  largely  resorted  to  in  the  United  States  of  America ; 
and  to  be  seen  to  perfection  it  must  be  studied  there. 

The  following  are,  however,  some  of  the  chief  points  to  be  considered. 

In  warming  a  room  by  direct  radiation,  it  is  found  that  the  best  plan  to  secure 
equable  temperature  is  to  place  the  radiators  or  coils  of  steam-pipes  near  an  inner 
wall ;  the  warmed  air  passes  up  to  the  ceiling  and  cools  against  the  outside  wall  and 
windows,  and  thus  a  circulation  is  maintained. 

Where  systematic  ventilation  is  carried  out  in  conjunction  with  warming,  the 
regulation  of  the  Avarmth  to  be  supplied  by  the  apparatus  can  be  effected  by  dividing 
the  coil  into  independent  sections,  one  or  more  of  which  can  be  shut  off  at  pleasure. 

But  in  combination  with  systematic  ventilation  the  warming  is  controlled  by  so 
arranging  the  casing  or  chamber  containing  the  coil,  that  the  whole  or  any  part  of 
the  fresh  air  entering  can  be  made  either  to  pass  through  the  coil  and  be  warmed,  or 
to  "  by-pass  "  the  coil  and  escape  warming ;  the  warmed  and  unwarmed  currents 
are  then  mingled  in  a  mixing-chamber  or  flue,  whence  a  supply  of  fresh  aii-  suitably 
tempered  flows  into  the  room. 

In  the  construction  of  the  apparatus,  the  prevailing  practice  in  America  is  to 
employ  wrought-iron  welded  tubes,  not  only  for  the  mains,  but  also  to  a  large  extent 
for  the  radiating-surfaces  that  diffuse  the  heat.  The  separate  lengths  of  tubes  are 
connected  by  wrought-iron  couplings  when  in  the  same  straight  line,  and  when  not 
so,  by  cas1>iron  elbows,  tees,  branch-pieces,  and  return-bends.  The  so-called  coils  or 
radiators  usually  employed  for  diffusing  the  heat  are  compact  nests  of  tubes, 
sometimes  arranged  vertically  by  having  their  bottom  ends  screwed  into  a  cast-iron 
box,  and  at  other  times  placed  horizontally  and  connected  together  by  branch-tees 

iiiid  return-bends.  .  , 

In  the  use  of  these  tubes,  the  essential  feature  of  practical  importance  is  t  le 
employment  of  tapermg  screw-threads,  externally  upon  the  tube-ends  and  internally 
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within  the  sockets  of  the  couplings  or  fittings,  as  the  means  of  securing  durable 
steam-tight  joints,  which  can  be  readily  made  or  unmade. 

Most  frequently  the  steam  for  warming  in  America  is  supplied  by  one  or  more 
horizontal  tubular  or  Seguin*  boilers,  set  in  brickwork. 

The  original  Seguin  boiler  consists  of  a  horizontal  cylindrical  shell,  containing 
tubes  in  the  lower  half,  with  a  steam-dome  on  the  top ;  the  tubes  are  arranged  in 
vertical  and  horizontal  rows,  not  alternating  or  zigzag ;  and  the  best  practice  is  to 
place  a  man-hole  in  the  front  end  over  the  fire-door,  and  beneath  the  tubes.  The 
boiler  is  fired  underneath,  and  the  products  of  combustion  return  through  the  tubes 
from  the  back  to  the  front,  and  then  pass  back  again  over  the  top  of  the  boiler, 
which  is  covered  in  with  brickwork  ;  the  temperature  of  this  top  flue  rarely  exceeds 
400^  Fahr.  The  fuel  used  is  anthracite  coal,  yielding  8  to  12  per  cent,  of  ash  ; 
and  when  well  supplied  with  air  it  evaporates  from  to  9  lb.  of  water  jper  lb.  of 
coal. 

In  regard  to  the  cii-culation  of  steam,  there  are  two  methods  of  warming  with 
steam,  one  with  live  steam  direct  from  the  boiler,  and  the  other  with  exhaust  steam. 
These  two  are  frequently  carried  out  in  combination,  and,  in  fact,  generally  so  where 
exhaust  steam  is  used  at  all  for  warming. 

The  cause  producing  the  circulation  throughout  the  pipes  of  the  warming- 
apparatus  is  the  difi'erence  of  pressure  which  results  from  the  more  or  less  rapid 
condensation  of  the  steam  in  contact  with  the  radiating-surfaces ;  a  partial  vacuum 
of  gi-eater  or  less  amount  is  thereby  formed  within  the  radiating  portions  of  the 
apparatus,  and  the  column  of  steam  or  of  water  equivalent  to  this  diminution  of 
pressure  constitutes  the  efiective  head  producing  the  flow  of  steam  from  the  boiler, 
while  the  return  current  of  condensed  water  is  determined  by  the  downward 
inclination  of  the  pipes  for  the  return  com'se. 

The  whole  details  of  tlie  arrangements  for  steam  heating  have  been  worked  out 
with  great  care  in  America,  and  a  very  clear  explanation  of  these  details  will 
be  found  in  the  proceedings  of  the  Institution  of  Civil  Engineers,  communicated  by 
the  late  Mr.  Robert  Briggs,  to  whose  skill  many  of  the  details  of  the  present  system 
of  steam  heating  in  America  have  been  due. 

The  gi-eat  advantage  of  steam  heating  is  that  the  high  temperature  of  the 
radiators  or  coils  gives  out  radiant  heat,  which  warms  the  walls  and  furniture  in  the 
same  way  as,  though  to  a  much  less  degree  than,  an  open  fire ;  and,  moreover,  the  heat 
is  got  up  very  rapidly  in  a  room.  And,  when  desired,  the  apparatus  cools  down 
with  equal  rapidity  when  the  steam  is  shut  off".  With  hot  water,  on  the  other  hand. 
It  takes  some  time  to  heat  up  the  pipes,  and  a  considerable  time  to  cool  them  down 
again. 

The  temperature  of  steam-heated  surfaces  for  steam  at  40  to  60  pounds 
pressure  will  run  from  290  degrees  to  310  degrees;  and  these  temperatures 
are^  practically  uncontrollable  whenever  the  steam  is  admitted  to  any  coil  or 
racHator ;  so  that  the  external  surface  of  the  coil  or  radiator  in  air  is  sensibly 
the  same_290  degrees  to  310  degrees.  Some  slight  but  unreliable  reduction 
of  temperature  m  the  steam  may  be  had  by  throttling  the  supply-pipe,  but  this 
method  becomes  especially  unreliable  when  the  condensed  water  is  returned,  without 
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trapping,  at  the  same  pressure  to  the  boiler.  Coils  give  off  heat  determinately 
until  the  last  moment  of  being  shut  off.  They  fill  with  water,  and  become  very 
noisy  with  water  hammers  when  a  small  volume  of  steam  in  some  way  is  interposed 
between  two  columns  of  cooled  water  that  instantaneously  condenses  it  and  forms  a 
vacuum,  bringing  such  columns  into  solid  contact  with  each  other.  In  exposed 
places  throttled  coils  freeze  up.  The  nicest  adjustment  may  secure  the  end  of  lower 
temperatures  of  surfaces,  and  corresponding  lower  temperatures  of  air-currents 
passing  them,  or  of  desired  constant  temperature  of  air-current,  obtained  by  giving 
less  heat  to  a  warmer  entering  air ;  but  the  least  change  of  boiler-pressure  disturbs 
it  all ;  in  a  moment  the  coU  is  virulently  active  with  heat,  or  obstinately  passive 
by  water-clogging. 

There  are  two  methods  of  meeting  this  difficulty.  The  first  is  the  division  of  a 
coil  into  sections,  so  that  one  or  more  of  the  sections  can  be  employed  in  heating,  or 
be  shut  off  at  will. 

The  second  method  is  called  the  by-pass,  and  is  arranged  by  passing  around  the 
coil,  unwarmed,  such  part  of  the  current  of  entering  air  as  will  reduce  or  temper 
down  that  remainder  of  the  current  which  is  permitted  to  pass  through  the  coil, 
and  is  heated  by  contact  with  the  heated  surfaces.  A  comparatively  simple 
arrangement  of  the  casing  of  the  coil,  with  register  or  louvre  valves,  and  some 
baffling  contrivance,  will  secure  the  admixture  of  the  two  currents. 

In  one  essential  regard,  the  by-passing  method  is  more  efficient  than  the  other, 
because  it  gives  an  instantaneous  change  of  temperature  of  the  air  delivered  in  the 
rooms,  while  the  sectional  method  calls  for  time  to  elapse  until  the  closed-off 
sections  shall  have  lost  their  heat,  or  the  newly-opened  ones  increased  in  tempera- 
ture, before  any  effect  is  produced  on  the  temperature  of  the  air. 

In  order  to  obviate  the  inconvenience  above  mentioned,  viz.,  that  the  steam 
frequently  makes  unpleasant  noises  if  air  or  water  lodges  in  the  pipes,  it  is  advisable 
in  designing  apparatus  for  steam  heating  in  a  building,  that  the  flow-pipe  should  be 
carried  in  as  direct  a  line  as  possible  from  the  boiler  to  the  highest  point,  and  that 
all  coils  for  heating  should  be  placed  on  the  return-pipe,  which  should  be  laid  in  a 
uniformly  descending  line,  so  arranged  as  to  prevent  the  lodgment  of  any  con- 
densed water.  Heating  by  steam  requires  much  consideration  to  make  it  a  pleasant 
means  of  warming  rooms,  because  the  heat  given  out  is  very  great,  and,  unless 
it  is  combined  with  the  supply  of  fresh,  and  the  removal  of  vitiated,  air  in  such  a 
manner  as  an  open  fire  affords,  it  becomes  often  oppressive.  The  temperatui-e  of 
the  pipes  cannot  be  regulated  as  with  hot  water ;  the  way  to  obviate  this 
objection  has  been  already  mentioned.  There  is  also  a  plan  of  using  expansion 
steam — i.e.,  driving  all  air  out  of  the  coils — a  principle  which  may  be  described  as 
the  reverse  of  Perkins  with  hot  water.  In  this  case  the  vapour  of  water  which 
passes  off  before  the  water  boils  will  fill  the  pipes  and  warm  them  to  a  temperature 
of  from  190°  to  210°. 

There  may  be  some  practical  inconvenience  attending  the  use  of  high-pr«ssurc 
steam  in  localities  where  an  experienced  workman  is  not  near  at  hand.  For  this 
reason  hot-water  pipes  have  been  generally  preferred  for  warming  ordinary  houses 
in  this  country. 

The  shape  of  pipes  for  heating  by  means  of  either  hot  water  or  steam  has  an 
influence  on  their  capacity  for  heating.    The  usual  form  is  that  of  circular  pipes, 
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probably  mainly  because  of  their  greater  strength,  and  the  facility  with  which  pipes 
of  this  form  are  made  and  fixed. 

Sylvester  proposed  a  form  of  pipes,  which  was  continued  by  Messrs.  Rosser  and 
Russell,  in  Avhich  the  heating  surface  was  supplemented  by  flanges  as  shown  by  the 
annexed  section  (Fig.  233) ;  but  the  greater  convenience  of  the  circular  form  appears 
to  have  prevented  the  more  general  adoption  of  flanged  pipes. 

In  the  heating-apparatus  of  the  Houses  of  Parliament,  pipes  are  used  whose 
heating-surface  is  increased  in  certain  places  by  means  of  numerous  flanges  placed 
at  right  angles  to  the  run  of  the  pipe. 

In  connection  with  the  use  of  hot  water  in  steam-boilers,  some  observations  are 
necessary  upon  the  best  means  for  preventing  smoke.  The  Committee  of  the  Smoke 
Abatement  Exliibition  expressed  great  regret  that  no  form  of  boiler-furnace  was 
submitted  to  them  in  which  fuel  is  converted  into  gas  before  it  is  used 
for  heatuag  the  boiler.  They  further  pointed  out  that  mechanical  ap- 
pliances for  feeding  the  fii'es  under  boilers  may  readily  be  adjusted  so 
as  to  meet  the  changing  needs  and  conditions  of  the  fui-nace,  and  that 
they  are  less  costly  than  the  skilled  labour  required  to  produce  com- 
parable results  by  hand-firing. 

Mechanical  stokers,  as  the  name  implies,  are  designed  Avith  the  following 
objects :  viz.,  the  substitution  of  mechanical  power  for  the  manual  labour  of  the 
stoker,  the  delivery  of  a  small  and  continuous  supply  of  fuel  to  the  furnace  in  the 
place  of  the  larger  quantities  cast  in  by  hand  from  time  to  time  as  required,  and 
the  constant  movement  of  the  fire-bars,  by  which  the  adhesion  of  masses  of  clinker 
to  the  bars  is  prevented,  thus  permitting  at  all  times  the  free  access  of  air  beneath 
the  fire  to  promote  combustion. 

The  use  of  mechanical  stokers  is  of  the  greatest  importance  in  abating  smoke. 
Not  only  is  the  saving  of  labour  very  considerable,  and  the  saving  of  fuel 
marked,  but  in  nearly  all  the  forms  shown  in  the  Exhibition  and  tested  while  in 
operation,  smoke  during  their  working  was  either  entirely  avoided,  or  much  reduced 
in  amount. 

But  no  doubt  these  appliances  are  still  open  to  much  improvement. 

When  the  form  and  description  of  apparatus  for  heating  has  been  decided  on, 
the  amount  of  heating-surface  to  be  afforded  for  purposes  of  ventilation  and  warm- 
ing depends  mainly  upon  the  volume  of  air  to  be  admitted  and  removed,  and  the 
temperature  desired  to  be  maintained  ;  but  in  any  given  building  there  are  other 
circumstances  to  be  taken  into  account— viz.,  the  position,  aspect,  subsoil,  tempera- 
ture of  locality  (for  instance,  a  cold  dry  climate  like  Canada  requires  very  difterent 
means  of  warming  from  what  is  necessary  in  nuld  damp  England),  the  shape  and 
size  of  building,  extent,  position,  and  thickness  of  walls,  size  and  form  of  windows 
skylights,  and  such  lilce  matters,  which  affect  either  the  temperature  of  the  incoming 
air  or  the  conditions  which  determine  the  loss  of  heat  in  a  buUding ;  but  in  order  to 
ascertam  accurately  the  quantity  of  pipe  required  to  heat  any  building  frequently 
involves  complicated  calculations,  the  formula2  for  which  would  be  out  of  place  here 
For  the  purpose  of  an  ordinary  approximation,  the  buildings  with  which  the  hot^ 
water  engineer  has  to  deal  may  be  divided  into  two  classes  :  firstly,  those  in 
which  the  surface  exposed  to  the  cooling  influence  of  the  atmosphere  is  either  by 
Its  nature  or  extent  a  more  important  element  than  the  cubic  contents  ;  secondly 
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tliat  class  of  buildings  in  which  the  cubic  capacity  and  the  ventilation  are  the  most 
important. 

Mr.  Hood,  whose  valuable  treatise  on  warming  and  ventilation  is  well  known 
considers  that  the  average  rate  of  cooling  for  each  foot  of  glass-surface  exposed  to 
the  external  atmosphere  is  equivalent  to  about  1 J  cubic  feet  of  air,  cooled  as  many 
degrees  per  mmute  as  the  internal  temperature  exceeds  that  of  the  external  air- 
thus,  if  the  difference  between  the  internal  temperature  of  a  gi-eenhouse  and  the 
outer  air  were  30°,  then  as  much  of  the  interior  heat  as  is  equivalent  to  U  cubic 
feet  of  air  cooled  30°,  would  be  transmitted  by  every  superficial  foot  of  surface. 

At  the  mean  temperature  of  hot-water  pipes,- one  square  foot  of  pipe-surface  is 
equal  to  warm  about  6^  cubic  feet  of  air  30°  per  minute ;  whence  it  results  that  one 
foot  of  pipe  would  be  required  for  every  5  feet  of  glass-surface  when  the  difierence 
of  temperature  is  30°. 

If  the  temperature  of  the  house  were  to  be  maintained  at  60°  above  that  of  the 
external  air,  double  the  quantity  of  pipe  would  be  required,  supposing  its  surface  to 
remain  equally  eflfective  ;  but  as  in  this  case  the  difference  between  the  temperature 
of  the  pipe  and  the  surrounding  medium  would  be  less,  rather  less  heat  would  be 
given  off  per  foot  of  pipe-surface.  As  an  approximation,  however,  we  may  say  that 
for  houses  maintained  at  60°  above  the  external  air,  one  foot  of  pipe  should  be 
provided  for  every  2i  feet  of  glass. 

The  second  class  comprises  buildings  of  which  the  cubic  contents  are  large  in 
proportion  to  their  enclosing  surfaces,  in  which  the  loss  of  heat  by  transmission 
through  their  walls  is  comparatively  inconsiderable,  the  absorption  and  retention  of 
heat  by  their  solid  materials  great,  and  in  which  the  air  is  not  changed  so  fre- 
quently as  to  exercise  a  material  influence  upon  the  temperature. 

It  is  true  that  when  once  the  air  of  any  large  building  is  raised  to  its  normal 
temperature,  no  more  heat  need  be  generated  by  the  warming-apparatus  than  is 
required  to  compensate  for  the  loss  by  transmission  through  the  walls,  &c.,  and  by 
the  ventilation.  In  most  cases,  however,  the  power  required  to  warm  the  air  of  the 
building  in  the  first  instance,  and  its  solid  materials,  is  so  great,  that  these  become 
important  elements  in  calculating  the  power  of  the  apparatus. 

There  will,  of  course,  be  a  considerable  addition  to  be  made  for  the  air  required 
to  be  removed  for  ventilation.  This  depends  on  the  conditions  alluded  to  elsewhere. 
To  the  extent  to  which  this  takes  place  must  a  further  allowance  for  heating-surface 
be  made. 

Mr.  Hood  further  shows  that  1  foot  in  length  of  4-inch  pipe  at  an  excess  of  1 25° 
above  the  surrounding  air  will  raise  the  temperature  of  222  cubic  feet  of  air  1°  per 
mmute,  equivalent  to  about  190  feet  per  superficial  foot  of  pipe-surface. 

In  order,  then,  to  ascertain  the  extent  of  pipe  necessary  to  heat  the  air  of  any 
building,  we  have  to  multiply  its  cubic  contents  by  the  number  of  degrees  which 
the  air  is  to  be  raised  ;  and  the  product  divided  by  190  into  the  time  in  minutes 
within  which  the  effect  is  to  be  attained  will  give  the  number  of  superficial  feet  of 
heating-surface  required  to  warm  the  air.  There  would  be  an  addition  for  counter- 
acting the  cooling-surface  of  the  windows,  skylights,  roof,  and  walls. 

Until  the  whole  of  the  solid  materials  of  the  building  were  brought  up  to  the 
temperature  of  the  internal  air,  there  would  be  a  large  absorption  of  heat  ;  and  as- 
the  capacity  of  solid  bodies  for  heat  is  greater  than  that  of  air,  the  quantity  of  beat- 
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absorbed,  and  the  time  occupied  before  an  approximate  equality  of  temperature 
could  be  attained,  would  be  very  great.  Observations  conducted  with  the  object  of 
ascertaining  the  quantity  of  heat  taken  up  by  the  solid  materials  of  some  large 
buildings,  such  as  churches,  show  that  it  is  much  greater  than  the  quantity  ex- 
pended during  the  same  time  in  warming  the  air  and  compensating  for  the  loss  by 
transmission. 

There  are  one  or  two  other  matters  bearing  on  the  question  of  warming,  on 
which  some  observations  here  are  especially  desirable,  because  sufficient  attention  is 
not  paid  to  them. 

One  great  cause  of  expense  of  fuel  in  English  houses,  and  of  the  inconvenience 
experienced  from  draughts,  arises  from  the  loss  of  heat  which  takes  place  in  conse- 
quence of  thin  walls,  lightly-constructed  roofs,  thin  glass  windows  and  skylights. 

The  same  carelessness  in  economising  heat  prevails  in  railway-carriages,  and 
they  afford  a  ready  illustration  of  what  takes  place,  because  the  effects  are  so 
striking  in  cold  weather.  The  floor  and  roof  of  a  railway-carriage,  instead  of  being 
double,  with  air-spaces  between,  are  single;  consequently  the  radiation  of  heat  from 
them  is  very  rapid.  In  cold  weather  the  heat  generated  by  the  persons  present  and 
by  the  foot-warmers  is  insufficient  to  keep  up  the  temperature.  If  the  roof  and 
sides  of  a  railway-carriage,  and  the  floor,  were  made  double,  with  an  air-space- 
between,  the  loss  of  heat  by  radiation  would  not  much  exceed  half  that  with  the 
present  roofs  and  floors  ;  and  in  summer  the  carriages  would  suffer  proportionately 
less  from  sun-heat.  The  same  is  true  of  houses.  If  houses  were  constructed  Avitli 
thick  walls  with  closed  air-spaces  in  the  centre,  with  double  windows,  and  with  the- 
slates  of  the  roof  laid  on  close  boarding  covered  with  felt,  they  would  retain  the 
heat  in  winter  far  better  than  most  houses  now  do.  London  houses  with  thin  party- 
walls  also  illustrate  this  question.  "When  a  person  occupies  a  house,  and  the  two 
neighbouring  houses  are  unoccupied,  the  heat  generated  in  the  house  is  so  rapidly 
radiated  through  the  walls  into  the  neighbouring  houses  that  it  becomes  very  difficult 
to  keep  the  house  warm  ;  whereas,  when  the  houses  on  both  sides  are  occupied,  the 
warmth  of  the  house  is  considerably  increased. 

The  loss  of  heat  from  glazed  roofs  and  ceilings,  from  skylights,  and  from  metal 
roofs,  such  as  are  used  in  railway-stations,  is  very  considerable. 

The  air  in  contact  with  metal  or  thin  glass  exposed  to  cooling  influences  is,  in 
the  case  of  a  roof,  under  the  most  favourable  condition  for  being  cooled.  Each 
layer,  as  it  is  cooled,  falls  down  and  is  replaced  by  warm  air,  which  undei'goes  the 
same  process.  This  renders  a  space  covered  with  a  metal  or  glass  roof  without 
intermediate  ceiling  very  difficult  to  warm.  Therefore  in  halls  or  rooms  lighted  by 
a  glass  roof,  or  staircases  lighted  by  skylights,  it  is  essential  for  preserving  the  heat 
that  there  should  be  a  second  glass  ceiling  below  the  one  exposed  to  the  outer  air  • 
and  in  cold  weather  it  may  be  advisable  to  adopt  special  means  to  warm  the  inter- 
mediate space,  if  an  equable  temperature  is  sought  to  be  maintained  in  the  room  at 
all  times.  Where  glazed  ceilings  are  lighted  by  gas,  with  lights  above  the  lower 
ceilmg  of  glass,  the  heat  from  the  gas  when  lighted  is  sufficient  to  keep  up  the 
temperature. 

In  very  hot  weather,  when  it  is  desired  to  cool  do\vn  the  temperature  of  an  iron 
or  glass  roof,  it  may  be  watered  by  jets  from  8  or  9  o'clock  in  the  morning  till  about 
5  0  clock  m  the  evening    The  quantity  of  water  would,  however,  be  considerable 
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probably  not  less  than  about  25  gallons  per  hour  per  snuarP  oTl  on     .  Z 
•of  li:ne.vhiting  the  roof,  which  it  largely  resorteftoTso^^^^^^^^       a  IT"' 
taction  against  heat.  ''ome  places,  is  a  great  pro- 


But  we  should  not  suffer  so  much  either  from  summer  heat  nr  imrr.    •  . 


VENTILATION  BY  PROPULSION. 


CHAPTER  LVIII. 

Ventilation  by  Propulsiou-DraugMs-Distributibn  of  Inlets  and  Exits  for  Air-Effects  of  Cooling- 
surfaces-Air-flues-Meana  of  removing  Impurities  from  Inflowing  Air. 

The  next  point  for  consideration  is  ventilation  by  means  of  the  direct  propulsion 

of  the  air.  i    n  j.i     *    i  • 

Theoretically,  the  propulsion  of  air  into  a  room  would  expel  all  the  toul  air. 
through  the  cracks  of  windows  and  doors,  even  if  no  special  apertures  were  made 
for  its  removal,  and  the  existence  of  pressure  in  the  room  would  tend  to  prevent 
draughts  of  cold  air  from  doors  and  windows  ;  but  in  practice,  in  the  ventilation  of 
hospital  wards,  the  system  of  propulsion,  i.e.,  forcing  the  fresh  air  into  the  room, 
and  allowing  the  vitiated  air  to  find  its  way  out,  has  not  been  generaUy  found  sue- 
cessful  as  a  means  of  purifying  the  air.  The  air  forced  in  seems  to  seek  the  fii-st 
place  of  escape,  and  unless  the  system  is  combined  with  an  efficient  system  of  extrac- 
tion, much  of  the  vitiated  air  may  remain  in  corners  and  dead  angles.  It  is  there- 
fore generally  advisable  to  combine  with  a  system  of  propulsion  for  the  inflowing  air 
some  method  of  extraction  for  vitiated  air.  Where  the  circumstances  allow  of^  it,  it 
will  be  found  simpler  to  dispense  with  propulsion,  and  to  rely  upon  the  action  of 
extraction-shafts  to  draw  in  the  air  required  through  adequate  channels  provided  for 
the  ingress  of  fresh  air.  In  cases,  however,  where  a  large  volume  of  air  is  required 
to  be  passed  continuously  into  a  confined  space,  and  the  channels  are  limited  in  size, 
it  may  be  found  advisable  to  assist  the  movement  of  the  inflowing  air  by 
propulsion. 

Ventilation  by  propulsion  requires  the  direct  application  of  power  to  move  the 
air.  This  is  generally  done  by  driving  air  by  means  of  fans,  worked  by  steam- 
engines,  along  channels  in  which  the  friction  becomes  an  important  consideration. 

The  friction  of  air  varies  as  the  square  of  the  velocity  multiplied  by  the  pressm-e 
against  the  sides  of  the  passage.  This  pressure  being  uniform,  its  total  amount 
depends  upon  the  total  surface — that  is,  the  length  multiplied  by  the  perimeter  of 
the  cross  section.  The  force  required  to  propel  air  through  any  passage  is  therefore 
equal  to  the  square  of  the  velocity  into  the  total  surface  multiplied  by  the  co-efficient 
of  friction.  It  is  beyond  the  limits  of  this  treatise  to  discuss  the  various  forms  of 
fans  for  ventilation  of  buildings,  because  the  use  of  fans  in  the  ventilation  of 
houses  is  limited  to  exceptional  cases  and  generally  on  a  small  scale  ;  those  who 
wish  to  pursue  the  subject  will  find  it  fully  discussed  in  the  paper,  and  the  dis- 
cussion which  followed,  by  Mr.  Briggs,  in  the  Proceedings  of  the  Institution  of  Civil 
Engineers. 

We-  may,  however,  mention  that  the  best  propellers  have  produced  a  useful 
effect  of  from  70  to  75  per  cent,  in  proportion  to  the  power  employed. 

Dr.  Arnott  proposed  an  apparatus  on  the  principle  of  the  gas-holder,  by  which  he 
could  carefully  regulate  the  quantity  of  inflowing  air.  In  the  House  of  Commons 
there  is  an  apparatus  of  this  description,  on  the  principle  of  a  double-action  piston, 
by  which  in  the  summer  a  given  quantity  of  air  cooled  with  ice  can  be  forced  into 
tlie  House. 
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The  Great  Opera  at  Vienna  is  ventilated  by  extraction-shafts  from  the  ceilin<. 
heated  by  hot-water  boilers  and  by  the  products  of  the  gas  chandelier,  the  admission 
ot  air  being  regulated  by  propulsion  by  a  fan  from  below. 

This  method  of  ventilation-viz.,  by  propulsion-was  adopted  on  the  recom- 
mendation of  Mr.  Van  Hecke  in  the  Hospital  Necker  at  Paris.  In  an  experiment 
made  in  two  wards,  one  ventilated  by  propulsion  and  the  other  by  extraction,  but 
m  both  cases  with  closed  windows,  and  no  other  apertures  than  those  for  ven- 
tilation, the  ward  ventilated  by  propulsion  was  cleared  of  the  smell  created  by 
burning  pastilles  in  fifty  minutes  with  a  volume  of  air  injected  equal  to  one-and-a 
quarter  the  cubic  content  of  the  ward;  whilst  with  the  ventilation  by  extraction  it 
required  seventy  minutes  to  remove  similar  fumes  and  a  slightly  greater  volume 
of  air. 

General  Morin  and  others  who  have  had  the  largest  experience  of  ventilation 
have,  however,  preferred  the  system  of  extraction  to  that  of  propulsion ;  nor  has 
the  system  of  ventilation  by  propulsion  been  extended  in  the  Paris  hospitals. 
Indeed,  the  hospitals  where  ventilation  by  propulsion  has  been  tried  have  not  been 
healthy.  There  is  one  practical  reason  which  offers  itself— viz.,  that  experience  of 
buildings  such  as  hospitals,  which  require  continuous  ventilation,  shows  that  on 
various  occasions,  either  for  repairs  or  for  other  reasons,  the  working  of  the  fan  is 
sometimes  stopped ;  and  during  this  period  of  cessation  of  course  the  ventilation 
becomes  seriously  defective.  There  are  other  obvious  reasons.  This  system  implies 
that  the  whole  air  which  comes  in  or  goes  out  shall  do  so  independently  of  windows ; 
that  is  to  say,  that  the  windows  shall  not  be  opened. 

But  if  the  impurities  in  a  confined  air-space  are  not  uniformly  diffused  (and  it 
is  certain  that  they  are  not),  then,  unless  the  whole  air  is  periodically  swept  out, 
some  impurities  remain  long  enough  to  attain  a  putrefactive  state.  In  practice  it 
is  found  to  be  necessary,  at  frequent  intervals,  to  sweep  out  all  the  impure  air  in  an 
inhabited  building,  and  to  begin  again  with  fresh  air. 

This  is  especially  the  case  with  buildings  occupied  by  many  people ;  consequently 
in  barracks  and  in  hospitals  it  is  of  essential  importance  to  place  the  windows 
opposite  to  each  other,  and  to  have  rooms  of  such  a  width  as  to  secure  the  due 
action  of  these  sweeping-out  currents. 

The  system  of  propulsion  is,  however,  useful  under  special  conditions,  and 
especially  when  on  temporary  occasions  and  for  limited  periods  it  may  be  desirable 
or  necessary  to  provide  special  means  of  ventilation. 

The  system  of  extraction  by  fans  is  of  the  liighest  value  in  places  where  it  is 
■desired  to  remove  particular  impurities  with  great  rapidity ;  such,  for  instance,  as 
in  workshops  where  the  dust  of  cotton,  steel-filings,  shavings,  or  injurious  emana-  . 
tions  produced  locally,  are  sought  to  be  removed  at  once. 

In  the  ]\Iont  Cenis  and  St.  Gothard  tunnels,  during  construction,  the  compressed 
air,  after  having  been  utilised  to  work  the  boring-machines,  escaped  into  the  tuimel, 
and  provided  fresh  air  for  ventilation. 

Compressed  air  has  also  been  applied  to  produce  a  current,  and  thus  to  extract 
vitiated  air,  somewhat  on  the  principle  of  the  steam -jet  which  causes  the  draught  in  a 
locomotive  chimney,  but  acting  by  its  momentum  only.  The  system  was  used  for 
the  ventilation  of  some  of  the  galleries  of  the  Exhibition  at  Paris  in  1867,  and  was 
subjected  to  experiment  by  General  JNIorin ;  and  he  shows  that  the  useful  effect 
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mention  a  few  general  considerations  which  it  is  necessary  to  keep  m  mind.  _ 
One  of  the  chief  difficulties  of  ventilation  arises  from  the  draughts  occasioned 

LaL  rooms,  in  addition  to  the  advantage  afforded  of  enabling  the  air  to  be 
changed  with  more  comfort  to  the  occupants  than  small  rooms,  also  present  the 
advantage  of  a  larger  wall-surface,  and  of  more  numerous  windows,  which  allow  of 
a  larger  insensible  ventilation;  thus  larger  rooms  will  have,  even  m  proportion  to 
their  occupants,  an  apparently  less  degree  of  impurity  than  small  vooms.  '  Although 
the  uniform  diffusion  of  carbonic  acid  is  comparatively  rapid  m  the  air  of  a  room, 
the  organic  emanations  given  out  do  not  in  practice  dilTuse  themselves  _  either 
rapidly  or  uniformly.  They  hang  about  in  corners  where  there  are  obstructions  to 
the  flow  of  air,  or  near  the  celling,  in  which  case  they  cool  down  and  fall,  and  mix 
with  the  air  of  the  room,  thus  increasing  the  impurities.  Consequently,  there  is  no 
advantage  in  mere  height  of  a  room  unless  combined  with  means  for  removing 
heated  air  from  the  upper  part.  Indeed,  a  lofty  room  with  a  space  above  the  top 
of  the  windows  or  ventilating-openings  to  which  air  loaded  with  emanations  can 
ascend,  remain  stagnant,  cool,  and  then  fall  down,  is  a  positive  disadvantage. 

The  air  of  a  room  will  be  generally  best  renewed  by  means  of  open  Avindows  and 
doors,  when  these  are  so  placed  as  to  ensure  a  thorough  draught ,;  and  open 
windoAvs  should  always  be  resorted  to  when  the  weather  permits. 

In  the  hospitals  specially  erected  for  the  wounded  in  the  Franco-German  war, 
the  sides  were  constructed  to  lift  up  bodily,  or  to  be  removed,  so  that  during  mild 
weather  the  whole  of  the  patients  were  in  a  kind  of  open  shed,  with  fresh  air  always 
playing  over  them.  Many  cases  brought  into  these  hospitals  from  brick  buildings, 
and  suffering  from  gangrene  and  other  hospital  diseases,  were  cured  by  the  fresh- 
air  treatment ;  and  the  more  the  air  of  rooms  can  be  renewed  by  means  of  open 
windows  the  better. 

But  the  windows  cannot  always  be  kept  open.  In  cold  climates  the  windows 
must  be  closed  to  keep  the  rooms  warm.  In  hot  climates  the  Avindows  may  even 
sometimes  have  to  be  kept  closed  to  keep  the  rooms  cool.  Moreover,  windows  are 
so  placed  in  a  room  as  to  meet  the  requirements  of  light,  and  do  not  therefore  neces- 
sarily occupy  the  most  advantageous  position  for  the  continuous  admission  of  air. 
Therefore  every  room  should  have  special  arrangements  for  the  admission  and 
extraction  of  air. 

The  more  these  various  inlets  and  outlets  are  distributed  about  the  room  the 
better,  because  then  there  is  less  danger  of  stagnation  in  any  one  part  of  the  room. 

The  fresh  air  should  be  obtained  from  places  where  there  are  no  adjacent  sources 
of  impurity;  especially  not  from  the  vicinity  of  ash-pits,  manure-heaps,  gully- 
gratings,  or  other  sources  of  foul  air.  The  inlets  from  the  outer  air  should  l)e  at 
least  two  feet  from  the  ground,  and  the  surface  near  should  be  paved  and  sloped 
away  from  the  inlet,  so  as  to  carry  off  wet  rapidly.  It  has  been  estimated  that  the 
impurities  of  town  air  are  very  much  diminished  at  200  yards'  height,  and  are  not 
found  above  600  yards  in  height — a  London  fog  will  rarely  be  perceptible  at  a  height 
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Of  above  100  yards-consequently  to  bring  pure  air  into  the  houses  in  a  large  tow. 
the  simplest  way  would  be  to  draw  it  down  from  a  height  by  meaas  of  a  high 
shaft  or  tower.  &" 

The  channels  for  the  admission  of  air  should,  as  a  rule,  be  short ;  if  they  are 
long  they  should  be  direct,  and  accessible.  Long  channels  are  hable  to  collect  dirt 
and  o  orm  a  refuge  for  insects.  Hence,  if  it  is  necessary  to  make  them  long,  the; 
should  be  easily  accessible  for  cleaning,  as  already  mentioned.  Deep  underSound 
channels  and  receptacles  will  modify  materiaUy  the  temperature  of  the  inflowing 
air.  <- 

Underground  channels  should  always  be  impervious  to  ground-air,  and  there 
are  very  tew  materials  impervious  to  air. 

The  liabiHty  of  air  in  underground  channels  to  mix  with  ground-air  would  be 
diminished  if  the  air  were  suppHed  to  the  channels  or  receptacles  by  propulsion 
and  retained  in  them  under  some  pressure.  ' 

_  Underground  channels  should  be  perfectly  dry.  Damp  channels  overcharc^e  the 
air  with  moisture  ;  and  this  would  interfere  with  the  warming  of  the  air  °  thev 
induce  the  presence  of  animal  and  vegetable  Hfe,  which  dies  and  decays,  and 
renders  the  air  impure. 

In  towns  where  the  atmosphere  is  full  of  particles  of  soot  and  other  impurities,  the 
inflowing  air  deposits  these  particles,  and  rapidly  blackens  any  surface  it  impiJiges 

on.  The  impurities  may  be  removed  by 
passing  the  air  through  a  filter  made  of 
cotton  wool,  laid  lightly  to  a  thickness  of 
about  half  an  inch,  on  a  copper- wire  frame. 
(See  Figs.  234  and  235.) 


Fig.  234.— Section  of  entrance  to  fresh-air  flue  with 
cotton-wool  filter. 


ELEVATION. 

Pig.  235. — ^Frame  to  hold  cotton  wool. 


The  cotton  wool  must  be  renewed  at  intervals,  dependent  on  the  state  of  the 
atmosphere. 

Sliced  sponge  acts  equally  as  an  air-filter,  and  may  be  easily  washed,  dried,  and 
replaced, 

A  system  has  been  introduced  of  endeavouring  to  remove  impurities  from  the 
inflowing  air  by  causing  the  current  to  come  in  contact  with  a  surface  of  water. 
The  best  arrangement  of  this  kind  appears  to  be  the  one  shown  in  the  accom- 
panying figure,  236.  The  air  enters  from  the  outside  of  the  building,  through  the 
inlet  in  the  external  wall,  passes  up  the  shaft  h,  tlu'ough  the  opening  k  ;  it  is 
then  sucked  in  by  the  water-spray,  passes  down  the  cylinder,  B,  and  up  through 
the  shafts,  m  on  jilan,  through  the  top  of  the  apparatus  into  the  room.  This 
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,,.angement  would  probably  thoroughly  wash  fog  and  smoke  out  of  the  air  in 
,,udon.    It  must,  however,  be 

.vmembered    that    in  damp 

Ns  ,.ather  the  plan  is  liable  to 

rhe    inconvenience    that  the 

NN-ater  keeps  up  the  saturation 

of  the  air  with  moisture.  A 

somewhat  similar   system  has 

been  adopted  in  some  factories 

for  preventing  the  smoke  from 

polluting   the   atmosphere  by 

passmg  it  through  a  chamber 

tilled  with   spray;   a  similar 

system  would   be    useful  for 

washmg  the  impure  air  of  towns. 
Extraction-shafts,  when  for 

ventilation    only,    should  be 

placed  so  as  not  to  occasion 

unpleasant    draughts.      It  is 

advisable  that,  as  far  as  pos- 
sible,   extraction-shafts  from 

different  rooms,  the  operation 

of  which  depends  on  tempera- 
ture, should  be  independent  of 

each  other.  "Where  the  rate  of 
extraction  is  sluggish  and  the 
temperature  is  low  in  the  shaft, 

there  may  arise  conditions  in 

one  room  which  may  deter- 
mine a  reverse  current,  and 
then,  when  there  is  not  a  com- 
plete separation,  the  bad  air 
from  one  room  may  be  intro- 
tluced  into  another  room.  Ex- 
traction-flues in  which  the 
temperature  exceeds  that  of 
the  outer  air  should  always  be 
arranged,  if  possible,  to  con- 
duct the  air  upwards,  so  as  to 
assist  its  flow.  Every  descent 
into  the  flue  has  to  be  compen- 
sated for  in  some  way,  either 
by  extra  height  of  shaft,  tempe- 
rature, or  expenditure  of  force. 

The  best  form  for  an  ex- 
traction-flue is  the  circular  form,  because  it  affords  a  maximum  of  area  with  a 
minimum  of  perimeter,  or  surface,  and  therefore  causes  a  minimum  of  friction. 


Fig.  236. 
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By  the  best  ventilatiiig-arrangements  we  can  only  get  air  of  a  certain  standard 
of  impurity;  and  any  ventilating-arrpngements  are  oniy  make-shifts  to  assist  in 
remedying  the  evils  to  which  we  are  exposed  from  the  necessity  of  obtaining  an 
atmosphere  in  our  houses  different  in  temperature  from  that  of  the  outer  air.  To 
obtain  that  temperature  we  sacrifice  purity  of  air;  therefore,  whenever  the  outer 
temperature  permits  it,  windows  should  be  widely  opened,  so  as  to  replace  the  air 
of  the  room  by  fresh  air  as  often  as  possible. 
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CHAPTER  LIX. 

Illustrations  of  Yentilation  and  Warming  Houses— Dining-rooms — Smoking-rooms. 

It  is  very  difficult  to  illustrate  the  subject  of  ventilation  and  warming  by 
means  of  instances  of  tn«  best  inethods  of  warming  and  ventilation  to  be  applied 
in  practice.  Every  house,  and  indeed  almost  every  room,  may  require  its  own 
method  of  treatment,  because  the  situation,  the  size,  the  shape,  the  materials  used  in 
construction,  the  position  of  fireplace,  of  inlets  such  as  windows,  and  outlets 
such  as  doors,  vary  in  almost  every  house,  and  each  of  these  has  an  important 
influence  on  the  question. 

The  Roman  plan  was  to  warm  the  floor  and  walls  by  carefully-managed  flues, 
which  passed  backwards  and  forwards  under  the  floor,  and  which  distributed  the 
temperature  equably  under  it.  The  floors  were  of  tiles,  and  no  doubt  without  this 
arrangement  the  cold  would  have  been  more  severe  than  with  a  wooden  floor  ;  but 
this  plan  had  also  the  advantage  of  preventing  radiation  from  the  bodies  of  the 
occupants,  and  of  enabling  them  to  breathe  cool  air.  It  ensured  the  keeping  of  the 
feet  warm ;  possibly  the  practice  of  wearing  sandals  instead  of  woollen  socks  and 
shoes  may  have  had  some  influence  in  determining  this  mode  of  warming.  The 
fires  were  of  wood  or  of  wood  charcoal,  and  the  flues,  therefore,  were  not  so  liable  to 
be  stopped  up  Avith  soot  as  would  have"  been  the  case  with  coal. 

The  determination  of  the  arrangement  for  warming  and  ventilating  a  house 
must  depend  upon  the  climate  in  which  a  house  is  placed,  d,nd  on  the  size  and 
position  of  the  house.  In  a  temperate  climate,  like  parts  of  Devonshire  and 
Cornwall,  a  very  difierent  arrangement  may  be  convenient  from  the  one  required  at 
Liverpool  or  Norwich.  "Where  the  climate  is  usually  temperate,  and  where  really 
cold  weather  is  exceptional,  it  may  be  more  convenient  to  make  each  room  self- 
contained  as  regards  its  manner  of  ventilation  and  warming,  and  to  provide  a 
reservoir  of  fresh  warmed  air  in  the  staircase,  passages,  and  halls,  by  means  of 
ventilating  fireplaces,  stoves,  or  hot-water  or  steam-pipes,  in  convenient  localities, 
to  wai-m  the  incoming  fresh  air.  In  such  cases,  in  each  room  a  ventilating  fire- 
place, combined  with  some  simple  form  of  outlet  or  shaft  from  the  upper  part  of  the 
room,  will  be  sufficient.  The  use  of  a  fireplace  in  every  room  undoubtedly  gives 
some  trouble  in  carrying  coals  ;  and  therefore,  when  on  grounds  of  economy  this  is 
an  important  object  to  be  avoided,  the  supply  of  heat  from  some  central  source 
becomes  of  advantage.  It  depends  upon  many  circumstances  whether  any  economy 
in  the  quantity  of  coal  burned  will  result  from  supplying  the  heat  for  the  whole 
house  from  one  fire.  When  separate  fires  are  used  there  is  a  large  amount  of 
saving  in  the  fact  that  the  fire  is  not  always  lighted,  and  that  when  it  is  lighted 
the  heat  from  the  direct  rays  aflTord  a  pleasanter  method  of  heating  thaii  tlie 
warmed  air  of  a  room  dependent  upon  other  methods.  * 

On  this  account  the  open  fireplace  has  always  held  its  own,  as  being  the  most 
convenient,  as  well  as  the  most  cheerful,  means  of  warming  and  ventilating  a  room. 

The  open  fireplace  is  a  most  powerful  engine  of  ventilation  for  drawinc.  out 
the  air. 


600 


1 

OUR  HOMKS. 


In  a  house  with  a  central  staircase,  in  the  case  of  the  temperature  of  the  house 
b  zng  greater  than  that-  of  outside  air,  the  staircase  becomes  a  powerful  shaft  S 
which  the  air  moves  up  with  considerable  velocity.  It  is  often  more  powerful  th^ 
the  chimney-flue,  because  of  its  larger  size,  and  thus  it  pulls  air  down  the  chimneyT 
and  IS  often  the  cause  of  smoky  chimneys.  The  open  fires  in  the  rooms  requlr^ 
to  be  fed  with  fresh  air,  and  it  wiU  frequently  happen  that  the  warm-air  shaft  of 
the  central  stau-case  will  combine  with  the  chimneys  to  draw  in  the  aii-  from 
every  available  opening.  They  wiU  draw  up  the  air  from  the  basement:  they 
will  draw  It,  If  they  can,  from  the  water-closet  and  sink-pipes,  unless  the  water- 
closets  and  sinks  are  m  projecting  buildings  cut  off  by  lobbies  ventilated  from  the 
outer  air. 

For  these  reasons  it  is  of  importance,  not  only  to  provide  fresh  air  to  the 
staircase,  but  when  open  fires  are  used,  to  make  each  room  in  which  there  is  an 
open  fireplace  dependent  on  itself  for  its  supply  of  fresh  air.  If  the  temperature 
ot  the  room  is  to  be  kept  up  to  a  pleasant  heat,  this  must  be  by  warmed  aii-. 
^  The  ventilating  fireplace  supplies  its  own  warmed  air ;  but  when  the  fireplace 
IS  not  adapted  to  supply  warm  fresh  air  to  the  room,  the  warmed  air  must  be 
supplied  from  some  central  source  of  sujDply. 

This  air  must  not  be  drawn  from  the  basement,  because  the  basement  may 
contain  refuse,  and  in  many  houses  it  affords  an  opportunity  for  the  air  from  the 
surrounding  ground  to  pass  into  the  house.  This  ground-air,  in  towns  especially,  is 
likely  to  be  contaminated  with  escapes  of  gas  from  gaspipes  or  sewers,  and  should 
be  cut  off  from  the  houses. 

In  order  to  prevent  air  from  the  basement  passmg  into  the  house,  the  air-supply 
for  the  upper  part  of  the  house  should  be  plentiful,  and  quite  independent  of  the 
supply  for  the  basement.  Indeed,  as  proposed  by  Dr.  Richardson,  it  would  be 
very  desirable  to  draw  down  the  fresh  air  from  the  roof,  if  such  a  supply  can  be 
obtained  free  from  soot. 

Mr.  Sylvester  applied  the  principle  of  ventilation  dependent  upon  open  fire- 
places many  years  ago  in  private  houses.  At  a  large  country  house  in  the  midland 
counties,  he  brought  the  fresh  air  from  a  tower  about  twenty  to  thirty  feet  high, 
placed  about  fifty  yards  from  the  house,  along  an  underground  brick  and  cemented 
channel  of  three  feet  by  two  feet,  to  a  chamber  under  the  house  on  the  level  of  the 
back  yard,  but  below  the  living-rooms.  Here  it  was  warmed  by  numerous  hot- 
water  pipes,  the  temperature  of  which  was  never  allowed  to  reach  the  boiling-point, 
because  the  heating-surface  of  the  pipes  was  arranged  to  take  away  the  heat  more 
rapidly  than  the  boiler  generated  it.  The  air  passed  thence  into  the  hall,  the  back 
staircases,  the  corridors,  and  by  flues  in  the  walls  up  to  each  of  the  sitting- 
rooms  and  bed-rooms,  so  as  to  supply  to  each  room  warmed  air  in  place  of  that 
removed  by  the  fireplaces.  The  principle  on  which  the  warmed  air  was  supplied 
was  that  its  temperature  should  never  exceed  54°  to  56°,  it  being  intended  that  the 
additional  heat  should  be  supplied  by  fireplaces  in  the  rooms,  which  formed  a  neces- 
sary adjunct  to  this  system  of  warming  and  ventilation,  because  by  them  the  extrac- 
tion of  air  from  the  rooms  took  place.  The  arrangement  was  such  as  to  preserve 
an  equable  temperature  and  to  prevent  draughts. 

The  main  principle  of  the  arrangement  was  to  retain  the  open  fireplace  and 
chimney  as  the  extraction-outlet  for  every  room,  and  by  slightly  oi^ening  a  window 
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at  the  top  of  the  staircase  the  warmed  aii^  in  the  corridors  and  staircase  formed  a 
continually-ascending  current. 

Messrs.  Drysdale  and  Hayward  have  erected  a  house  with  the  foUownig  arrange- 
ments for  combined  warming  and  ventilation  which,  as  being  founded  on  principles 
almost  the  direct  opposite  of  the  plans  adopted  by  Mr.  Sylvester,  may  be  advan- 
tageously desci'ibed  here  (Fig.  237). 

The  house  consists  of  basement,  ground  floor,  and  first,  second,  and  third  floors. 
The  basement  (l)  is  devoted  principally  to  the  collection  and  warming  of  the  fresh 


Fig. 


air.  On  the  ground  floor  (g)  are  the  cellars,  a  ball-room,  two  professional  rooms,  a 
gentlemen's  cloak-room,  and  water-closet,  and  the  main  entrance,  with  vestibule  and 
stairs,  lobby,  and  servants'  entrance  and  lobby.  The  first  floor  (ii)  is  the  living  floor  ; 
on  this  is  a  drawing-room,  with  ladies'  dressing-room  and  water-closet ;  a  dining-room, 
with  china-closet ;  and  a  kitchen,  with  cook's  pantry,  larder,  scullery,  and  butler's 
pantry.  The  second  floor  (i)  consists  of  the  family  bed-rooms  (four),  Avith  breakfast- 
room,  housemaid's  closet,  bath-room,  and  water-closet ;  and  the  third  floor  (j)  of  the 
servants'  bed-rooms  (four),  with  children's  play-room,  store-room,  and  two  water-cistern 
rooms.    And  above,  beneath  the  ridge  of  the  roof,  is  the  foul-air  chamber  (f),  into 
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wLich  the  vitiated  air  of  all  the  rooms  of  the  house  is  collected,  and  from  which  it 
IS  drawn  by  the  kitchen  fire  by  means  of  a  shaft  passing  down  to  the  ground  floor, 
and  then  ascending  behind  the  kitchen  tire  and  up  the  kitchen  cliimney  stack  round 
the  smoke-flue.  This  feature  of  the  arrangement  is  open  to  question,  as  it  is  to 
some  extent  a  waste  of  power  to  draw  the  air  from  the  top  of  the  house  down  to 
the  ground  floor  to  be  sent  up  the  outlet-shaft  behind  the  kitchen  chimney 

P™^^^P^^  P^^*  of  liouse  consists  of  a  front  and  back  block,  each  of  about 
thirty-three  feet  by  twenty  feet,  with  a  lobby  nine  feet  wide  between  them,  running, 
north  and  south.  This  central  lobby  is  the  warmed-air  corridor  or  ventnatin-lobby*^ 
It  IS  hghted  by  a  mndow  at  its  south  end  by  day,  and  by  Rickets's  globes  at  ni<.ht ' 
and  It  IS  shut  off  at  its  north  end  from  the  mam  staircase,  vestibule,  and  front 
entrance  by  vestibule  doors.    Out  of  it  open  all  the  principal  rooms  of  the  house. 

The  front  entrance,  with  the  vestibule  and  main  staircase,  twelve  feet  wide,  are 
placed,  not  in  the  centre,  but  at  the  north  end  of  the  house. 

The  main  staircase  runs  between  the  vestibule  in  front  and  the  kitchen  stairs 
behmd,  and  is  lighted  by  an  ample  skylight.  The  servants'  entrance  and  lobby  are 
behind  the  ventilating-lobby,  and  the  servants'  stairs  run  up  between  the  main  stair- 
case in  front  and  the  kitchen  behind.  By  this  arrangement  the  lobby,  into  which 
opens  the  door  that  lets  in  the  cold  air,  by  being  frequently  opened,  is  shut  ofi"  from, 
that  out  of  which  the  living-rooms  open. 

The  central  corridor  serves  as  a  lobby  to  the  rooms  on  each  floor. 
Along  the  centre  of  the  ceiling  of  each  storey  of  the  central  corridor  is  an  orna- 
mental lattice-work,  two  feet  wide,  and  along  each  side  of  the  floor  above  is  an  iron 
grating,  one  foot  wide ;  these  allow  the  Avarmed  air  to  ascend  from  the  lobby  beneath: 
to  the  lobby  above,  but  the  floors  check  it  for  the  supply  of  each  storey,  and  prevent 
it  from  rising  directly  to  the  top  one,  as  it  would  in  a  stairs  lobby. 

The  incoming  air  is  warmed  by  an  apparatus  on  the  high-pressure  system,  by 
which  the  pipes  are  heated  to  a  high  temperature.  A  Perkins  furnace  is  fixed  in 
the  basement  of  the  stairs  lobby  ;  the  flow-pipe  is  carried  up  to  and  along  the  bed- 
room lobby ;  it  is  then  brought  down  and  along  the  picture-gallery  ;  and  after  that, 
brought  down  to  the  opening  in  the  ceiling  of  the  basement  of  the  central  lobby, 
which  it  covers,  running  backwards  and  forwards  the  whole  length  ten  times. 
Fresh  air  enters  into  the  lower  part  of  this  basement,  and,  rising,  is  heated  by  the 
heated  pipes,  and  then  passes  through  into  the  lobby  of  the  gi-ound  floor,  and  thence 
into  the  lobby  of  the  first  floor,  and  thence  into  that  of  the  second  floor,  and  thence 
into  that  of  the  third  floor,  so  that  the  central  corridor  is  filled  from  the  ground 
floor  to  the  attics  with  fresh  warmed  air,  and  may  be  kept  permanently  at  65°,  or 
upwards,  the  winter  through.  Above  the  attic  floor  this  corridor  is  continued  up 
to  the  roof,  and  made  into  an  air-tight  chamber  (f ),  under  the  ridge  of  the  roof,  to 
receive  the  outlets  of  vitiated  air-flues  from  the  different  rooms  of  the  house.  Out 
of  this  central  corridor  all  the  principal  rooms  of  the  house  open ;  and  out  of  it, 
and  out  of  it  only,  they  receive  their  supply  of  fresh  air.  The  cornice  round  the 
ceiling  of  this  corridor,  and  that  of  each  of  the  rooms  opening  out  of  it,  has  a  lattice 
central  enrichment,  7  inches  deep,  and  the  wall  between  these  two  cornices  is 
perforated  by  as  many  7  inch  by  5  inch  openings  as  the  joists  will  allow,  so 
that  the  fresh  ^ir  has  a  free  passage  from  the  corridor  into  the  rooms,  even  when 
the  doors  are  shut.     The  drawing-room  has  19  of  these  7  by  5  inch  openings, 


HOUSE  WARMED  BY  HOT  WATER. 


603 


xnakinc.  an  inlet  for  fresh  air  of  over  4^  square  feet,  distributed  along  the  whole 
len-bh  of  the  wall  of  the  opposite  side  of  the  room  to  the  fireplace.  The^  dining- 
room  has  fifteen  of  these  openings,  making  an  inlet  of  considerably  over  square 
feet  Over  the  gasalier  in  the  centre  of  the  ceiling  of  each  room  is  a  perforated 
ornament,  covering  a  9  inch  square  opening  into  a  zinc  tube,  9  inches  by  4^ 
inches,  making  an  outlet  for  the  foul  air  of  40^  square  inches.  This  zinc  tube  goes 
aloncr  between  the  joists  of  the  ceiling  into  a  9  inch  by  4i  inch  flue  in  the  brick- 
work of  the  wall,  between  the  corridor  and  the  room  above,  where  it  is  regulated  by 
a  valve  This  flue  rises  up  inside  the  wall,  and  opens  into  the  foul-air  chamber 
formed  underneath  the  roof  of  the  corridor.  The  flues  from  the  rooms,  as  well  as 
those  from  the  kitchen,  hall,  water-closets,  and  back  staircase,  open  separately  into 
this  chamber. 

From  this  chamber  a  downcast-shaft  (c)  goes  straight  doAvn  to  below  the  iirst 
floor,  and  rises  up  beHnd  the  kitchen  fireplace  (d),  where  it  is  flat,  6  feet  by  1  foot ; 
it  is'  then  collected  into  a  somewhat  square  shaft  (e),  32  inches  by  26  inches.^  Up 
the  centre  of  this  shaft  runs  a  circular  earthenware  smoke-flue  from  the  kitchen 
fire,  the  outside  diameter  of  which  is  18|-  inches,  leaving  a  foul-air  shaft— the  upcast 
—surrounding  the  smoke-flue;  and  these  together  form  a  large  chimney-stack,  which 
is  carried  up  to  a  greater  height  than  any  other  chimney  of  the  house. 

The  warming  and  ventilation  of  a  house  by  hot-water  coils,  and  without  any 
fireplaces,  is  shown  in  the  annexed  sketch  (Fig.  238).  It  is  the  method  sug- 
gested by  Mr.  R.  Ronton  Gibbs,  of  Liverpool.  The  sketch  explains  the  general 
arrangement.  It  is  based  similarly  to  the  last  plan,  upon  adopting  the  central  hall 
or  staircase  for  a  reservoir  of  fresh  warmed  air  from  which  the  rooms  obtain  their 
supply.  There  is  much  to  be  said  in  favour  of  this  plan  in  an  ordinary  house, 
provided  care  be  taken  to  keep  the  central  hall  free  from  all  impurities. 
It  is  sufficient  to  observe  that  the  ventilation  depends  for  its  efficient  action 
upon  the  extraction-shafts  carried  from  each  room  to  a  foul-air  chamber  in 
the  roof,  in  the  floor  of  which  hot-water  pipes  are  placed.  These  cause  an  up- 
ward current,  which  carries  the  foul  air  away  through  a  ventilating-turret.  The 
fresh  air  which  replaces  the  foul  air  is  supplied  either  warmed,  or  else  direct  from 
the  outer  air,  through  vertical  tubes  in  the  outside  walls.  The  warmed  fresh  air  is 
brought  from  above  the  level  of  the  ground  through  a  screen,  to  free  it  from  dust, 
to  a  chamber  under  the  wall,  whence  it  passes  through  coils  of  hot-water  pipes  into 
the  halls  and  staircases,  which  form  a  reservoir  of  fresh  warmed  air.  A  perforated 
cornice  below  the  ceiling  of  each  room,  and  opening  into  the  staircase,  allows  this 
air  to  pass  from  the  staircase  into  the  rooms.  As  an  additional  source  of  heat,  a 
hot-water  pipe  is  carried  along  the  wall  of  each  room. 

Many  other  methods  of  warming  and  ventilating  a  house  have  been  proposed, 
and  notably  one  by  Messrs.  Boyle. 

These  specimens  are  mentioned  as  illustrations  of  various  methods  which  have 
been  proposed,  not  as  methods  to  be  blindly  copied,  because  to  each  some  objections 
may  be  urged. 

Many  of  these  systematised  arrangements  are  based  on  heating  the  air 
of  the  house  to  a  high  temperature,  whereas  it  is  desirable  if  possible  to  keep 
the  walls  warm  and  the  air  cool.  Moreover,  these  arrangements  are  liable 
to  the  inconvenience  that  at  times  the  apparatus  on  which  they  depend  may  be 
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liable  to  be  out  of  order.  They  have  nutnerous  flues,  which,  when  new  and  m  good 
order,  work  well;  but  the  flues  are  not  easily  accessible,  would  be  very  difficult  to 
clean,  and  after  the  lapse  of  years  they  may  become  clogged  with  dust  and  fail  to  act. 
A  cobweb  in  a  flue  has  been  found  to  prevent  almost  entirely  the  flow  ot  air 
On  these  grounds  it  is  often  desirable  to  keep  each  part  of  a  house  as  self-dependent 
as  possible  for  its  ventilation  and  warming. 

There  is  one  condition  which  occurs  in  large  houses  for  which  provision  is 
scarcely  ever  made-that  is,  for  the  case  of  large  parties.     Dining-rooms  are  filled 
^yith  guests,  with  lights,  and  with  servants,  whilst  no  provision  is  made  for  change 
of  air.    The  atmosphere  becomes  loaded  with  scent  of  flowers,  the  fumes  of  the 
viands,  the  impurities  from  the  combustion  of  the  lights,  and  the  foul  air  from 
the  breath.    The  guests  lose  their  brightness,  they  feel  dull,  and  next  day  they 
often  have  headache.    Similarly  at  large  evening  parties,  the  lights,  the  numerous- 
guests,  all  fill  the  air  with  an  impure  atmosphere  which  is  most  oppressive,^  and 
frequently  most  offensive ;  and  at  balls  the  effect  of  the  exercise  of  dancing  is  to- 
ensure  the  bad  condition  of  the  atmosphere.    All  this  could  easily  be  avoided,  but 
it  requires  due  provision  to  be  made  for  ventUation.    It  may  be  fairly  asked  why 
should  not  the  host  feel  himself  equally  bound  to  give  his  guests  pure  air  as  to  give 
them  brilliant  flowers,  bright  lights,  good  cooking,  and  rare  wines.    Pure  air  would 
cost  him  little  in  comparison,  but  it  is  not  seen,  and  therefore  it  has  been  little 
thought  of.    It  should  be  regarded  as  an  axiom  that  all  rooms  subject  to  be  used 
for  special  receptions,  such  as  rooms   at  hotels  where  public  dinners  or  balls 
are  held,  large  dining-rooms  and  reception-rooms  in  private  houses,  should  be  pro- 
vided with  means  of  ventilation  proportioned  to  the  number  they  are  destined  tO' 
hold.    For  this  purpose,  when  the  room  is  only  occasionally  subject  to  be  occupied 
by  large  numbers,  special  modes  of  extraction  or  of  forcing  in  air,  to  be  applied 
during  the  reception  or  dinner,  would  probably  be  found  to  be  most  advisable,, 
because  the  large  amount  of  change  of  air  necessary  in  a  large  assembly  might  be 
found  unpleasant  in  a  small  one.    In  these  days,  when  gas-engines  will  be  soon  a 
necessary  adjunct  to  every  house,  fans  to  be  worked  by  the  gas-engine  when  required 
might  be  the  easiest  arrangement. 

M.  Joly,  of  Paris,  has  proposed  to  force  air  into  dining-rooms  at  banquets  and 
into  crowded  ball-rooms  by  means  of  a  fan  worked  by  hand,  to  relieve  them  from 
the  fearful  oppression  which  is  produced  on  such  occasions.  He  carries  a  perforated 
tube,  which  for  temporary  purposes  may  be  of  gutta-percha,  round  the  cornice  of 
the  ball  or  banquet-room,  and  connects  this  by  another  tube  with  a  fan  to  be  worked 
by  hand  during  the  evening  when  the  rooms  are  full.  Thvis  a  constant  current  o£ 
cool  fresh  air  is  forced  into  the  room,  and  descends  on  to  the  occupants.  It  would,, 
of  course,  be  preferable  to  have  the  rooms  as  originally  constructed  provided  with 
shafts  to  carry  off"  the  heated  air,  and  inlets  to  admit  fresh  air.  These  should  be 
proportioned  to  the  full  occupation  of  the  room,  but  provided  with  valves  to  limit 
their  operation  to  suit  different  numbers  of  occupants. 

Mr.  Verity,  of  London,  proposes  to  propel  air  into  rooms  by  means  of  a  fan 
Avorked  by  water-power  brought  down  from  a  cistern  at  the  top  of  the  house.  The 
following  is  a  description  of  the  arrangements  thus  proposed. 

The  ventilator  somewhat  resembles  in  appearance  an  ordinary  gas-meter,  and 
occupies  about  the  same  space.    A  cistern  is  placed  in  the  highest  available  position 
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in  tlie  buildmg  in  wliich  the  apparatus  is  to  be  used,  and  a  |-incli  pipe  conveys  tlie 
water  to  the  machine.  The  internal  mechanism  consists  of  a  drum,  with  a  set  of 
fans,  worked  by  a  fly-wheel,  placed  in  the  centre  and  on  the  same  axis  as  the  fans 
Two  pin-hole  jets  of  water  directed  on  to  the  fly-wheel  put  these  fans  in  rapid 
motion.  The  fans  draw  in  the  air  from  the  outside,  and  propel  it  into  the  room 
tlirough  inlets  provided  for  the  purpose. 

The  water,  after  leaving  the  wheel,  is  discharged  through  small  orifices  in  a 
shower  across  the  inlet-tube  so  as  to  wash  dust  and  soot  out  of  the  incoming  aii-,  and 
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finally  passes  ofi"  by  a  pipe  into  a  lower  cistern.  In  the  event  of  requiring  a  dry 
atmosphere  through  the  apparatus,  this  can  be  had  by  turning  a  tap  which  causes 
the  water  from  the  wheel  to  pass  off  direct.  A  chamber  is  provided  in  the  inlet-tube 
for  ice  to  cool  the  air  in  summer,  and  a  box  can  also  be  added  for  the  introduction  of 
fumes  from  scents  or  from  disinfectants. 

A  velocity  of  current  of  from  15  to  20  feet  per  second,  and  even  more,  may,  if 
desired,  be  obtained.  The  volume  of  tlie  air  passed  through  the  machine  varies 
according  to  the  size  of  the  fans,  and  may  be  regulated  to  any  required  degree  by 
checking  the  flow  of  water  against  the  fans,  by  turning  the  tap.  The  accompanying 
sketch  (Fig.  239)  shows  the  manner  in  wliich  Mr.  Verity  applied  these  fans  to  a 
room.  The  vitiated  air  is  drawn  off"  from  an  opening  in  the  ceiling  connected 
with  a  shaft,  at  the  top  of  which  is  placed  some  form  of  coil. 
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In  cottages  and  artisans'  dwellings  it  is  very  difficult  to  secure  ventilation  Ven- 
tilatin-openings  in  such  rooms  are  almost  certain  at  times  to  produce  a  feeling  ot 
cold  or  draught,  and  then  to  be  closed.  For  living-rooms  in  cottages  the  fireplace 
always  produces  ventilation:  but  in  the  small  cottage  rooms  it  is  very  liable 

A  fireplace    for  admitting  warmed  air  Avas  adopted  for 
the  British  army  which  might  be  more  generally 
is  shoAvn  in  the 


This 


to  produce  draught, 
married  soldiers'  quarters  in 
applied  to  artisans'  dwellings.     This  grate 
annexed  sketch  (Fig.  240).    These  grates  have  been  made 
for  the  War  Department  by  Messrs.  Benham,  of  Wigmore 
Street,  London.     They  have  a  small  oven,  and  an  open  fire ; 
warmed  air  is  introduced  into  the  room  by  means  of  an  iron 
flue  carried  up  from  the  fire-brick  lining  of  the  stove  inside 
the  chimney,  and  introduced  into  the  room  near  the  ceiling 
thi'ough  a  louvred  opening ;  by  this  means  the  heat  of  the 
smoke  is  utilised  to  warm  the  air  admitted  into  the  room. 

This    description  of   grate  was  devised   

for  the  purpose  of  combining  a  power  of 
cooking  for  a  cottage  with  great  com- 


iiii! 


pulsory  economy  of  fuel. 

For  sleeping-rooms  in  cottages  the 
safest  plan  is  to  make  the  room  as  near 
10  feet  high  as  possible,  with  sash-windows 
carried  nearly  up  to  the  ceiling,  and  every 
room  should  have  a  fireplace  ;  for  although 
it  may  not  be  used  often  it  will  ensure 
some  degree  of  ventilation. 

In  cottages,  as  in  the  dwellings  of 
artisans  in  towns,  it  seems  remarkable  that 
gas  is  not  more  utilised  than  it  is.  It 
would  almost  seem  as  if  at  present  the 
arrangements  for  heating  and  cooking 
by  means  of  gas  were  in  advance  of  the 
intelligence  of  the  age^.  Gas  is  economical 
if  carefully  managed ;  but  gas  is  decidedly 

expensive  if  it  is  kept  lighted  after  the  actual  necessity  for  its  use  has  ceased.  It 
saves  the  trouble  and  dirt  which  coal  entails  ;  it  is  always  to  hand  ;  it  never  wants 
looking  to  whilst  it  is  performing  its  work ;  it  can  be  extinguished  when  its  work  is 
done.  In  this  lies  its  economy ;  but  with  a  careless  housewife,  who  leaves  it  burning 
after  it  has  done  its  work,  it  will  be  found  much  more  expensive  than  coal ;  there- 
fore in  large  establishments  it  has  been  found  wasteful.  For  cottages  it  ought  to 
be  very  economical.  Where  the  mistress  does  her  own  cooking  and  Avashing,  &c., 
it  would  be  eminently  advantageous.  At  the  present  time  apparatus  designed  to 
meet  the  waste  of  the  small  household  are  not  so  perfect  as  they  should  be. 


Fig.  240. 

A,  Fire-lump  with,  warm-air  flue  thxougli  back;  B, 
Warm-air  pipe  to  fit  into  socket  on  hob,  in  lengths 
o£  1ft.  Sin.  each;  c,  Bend  to  fit  socket  of  the  above 
pipe;  D,  Mouth-piece  with  louvre  front  to  fit  ou 
bend.  No.  1  of  these  6  in.  long  suppUed  with  each 
range.  Increased  heating-surface  for  the  hot  air  is 
provided  by  means  of  a  ga-ating  inside  the  socket 
at  £. 
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CHAPTER  LX. 

OBSERVATIONS  ON  COMBINED  SYSTEMS  OF  HEATING. 

There  ought  to  be  considerable  economy  in  a  system  of  combined  heating  for 
small  tenements.  An  arrangement  which  whilst  economising  fuel  would  prevent 
smoke,  would  be  of  enormous  advantage  as  a  means  of  preserving  a  greater  purity  of 
atmosphere  than  now  prevaUs  in  large  towns.  But  so  long  as  coal  is  cheap,  so  long 
as  people  are  allowed  to  vomit  smoke  from  all  their  private  chimneys,  and  so  long 
as  the  chimney-sweep  is  allowed  to  push  out  all  the  soot  into  the  air  at  a  convenient 
level  for  polluting  the  air  for  breathing  purposes,  so  long  will  any  improvements  in 
this  respect  be  deferred. 

The  use  of  gas  would  no  doubt  remove  these  disadvantages,  but  it  is  noteworthy 
that  in  the  United  States  a  combined  system  has  been  put  in  operation,  and  this 
has  been  by  means  of  steam.  We  have  already  shown  that  steam  is  especially 
applicable  to  heating-purposes  under  certain  conditions  ;  as,  for  instance,  in  large 
buildings,  or  where  the  heat  has  to  be  conveyed  long  distances.  It  has  been  applied 
for  warming  houses  from  central  depots  on  a  large  scale  in  the  United  States,  upon 
a  plan  devised  by  Mr.  Holly.  The  system  is  also  in  operation  at  Springfield,  Mass.^ 
Denver,  Col.;  Detroit,  Mich.;  Lynn,  Mass.;  Auburn,  K  Y. ;  and  other  places. 
This  system  appears  to  have  arisen  from  the  advantages  accruing  to  workmen,  from 
having  power  supplied  to  them  on  a  combined  system.  Thus  it  was  found 
convenient  for  persons  who  had  steam-engines  to  combine  to  obtain  steam  from 
one  source  of  supply,  aiid  it  followed  that  heat  might  be  conveniently  supplied  on 
the  line  of  the  steam-jjipes.  The  following  is  a  brief  account  of  the  principal 
features  of  the  arrangement : — 

The  steam  is  generated  at  a  central  boiler-house.  Mr.  Holly  recommends  the 
Murphy  Smokeless  Furnace,  with  regard  to  which  he  says  : — "  The  perfect  com- 
bustion and  consequent  total  abolition  of  smoke  from  bituminous  coal,  and  relative 
economy  in  the  production  of  steam,  are  not  the  only  points  of  superiority,  as  it.'* 
cleanliness,  ease  of  management,  and  saving  of  labour  are  almost  equally  important. 
The  stoking  of  the  boiler  resolves  itself  merely  into  dumping  the  coal  from  cars  into 
the  bin  above  the  firebox  in  front  of  the  boiler,  and  occasionally  pulling  it  towards 
the  feed.  A  little  engine  carries  it  into  the  coking-chamber,  dumps  it  at  the  proper 
time  on  the  grate-bars,  and  by  means  of  levers  moving  the  shake-bars  to  and  fro 
slowly,  clears  the  bars  of  ashes.  The  doors  are  never  opened,  and  one  attendant, 
without  a  fireman's  skill,  will  manage  a  battery  of  six  boilers  worked  by  the  same 
power." 

The  steam  is  supplied  from  a  central  fire  to  a  large  number  of  houses  for 
domestic  purposes,  and  thus  the  necessity  of  having  separate  fires  in  each  house  is 
avoided.  In  1880  there  were  300  consumers  in  Lockport,  and  four  miles  of  pipe. 
The  system  had  then  been  in  operation  four  years.  The  houses  are  heated  front 
the  central  supply  through  about  four  miles  of  mains  made  of  ordinary  lap-welded 
wrought-iron  steam-pipe,  radiating  from  the  boiler-house. 
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To  prevent  candensation  the  pipes  are  wound  about  Brst  ^^^^  '-^^^^'^^^ 
by  hi-  felting,  porous  paper,  maniUa  paper,  Bnally  thm  ^'""^^I^IJ^TJ^^ 
iTn^hwise,  and  the  whole  fastened  together  by  a  copper  wire  wound  spirally 
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Fig.  241.— Steam  Heating-system  in  America. 


all.  This  is  thrust  into  a  wooden  log,  bored  to  leave  an  intervening  air-chamber 
between  the  pipe  and  wood,  and  of  sufficient  size  to  leave  from  three  to  five  inches 
of  wood  covering.  The  elasticity  of  the  wrappings  permits  the  free  expansion  and 
contraction  of  the  pipe  irrespective  of  the  wood  log,  which  is  securely  anchored 
43 
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and  made  immovable.    The  whole  is  nlnoorl      o  +.     i      ,  ~~ 

surface  without  regard  to  frost.    At  £  bottom  Tt\t"1  ""^ 

tUe  drain,  to  ea^-ry  off  au,  earth-moist„  L  „  d^^^  rt ^""'if 

to  .^:^tzzz;z:iz:tzT' '  ^---^ 

Experiment   and   practice,  verified   in  fifteen   cities    show  thnf  +1,. 
ocon      c^l  pressure  to  be  maintained  in  the  mai^s  J  ^  7  40  lb   to  6oTb 
although  xn  some  c.t.es  70  lb.  has  been  used.    Experience  xvith  lar^e  mains  is  yet 
Wed,  10.nch  being  the  largest  in  use.    By  calculation,  the  coLrsTtio7a 

Ine  IV-  T  "  '-r"  ''''''  P^^'  -  6-inch  SXp 

ZZl   V.Z     T  condensation  in  large  Ws  is 

greater,  but  the  relative  percentage  less.  *  ^ 

The  experience  of  Detroit  demonstrates  the  fact  that  601b.  pressure  cotUd  be 
mamtamed  zn  four  miles  of  10-inch  and  6-ii.ch  pipes,  against  L  drau^^s  fo 

may  be  estimated  thus  :-A  6-inch  pipe  at  60  lb.  pressure  will  discharge  l52  cubic 
teet  per  second.    A  horse-power  is  one  cubic  foot  of  water,  or  1712  cubic  feet  of 
steam,  or  427  cubic  feet  of  steam  per  second.    Therefore,  a  6-inch  pipe  at  601b 
pressure  will  supply  216  horse-power  per  mile,  and  the  same  amount  of  steam  will 
Sed  ''^'^^^^"^^^s  per  mile,  averaging  12,000  cubic  feet  of  air-space  to  be 

The  expansion  and  contraction  of  metallic  pipes  between  32°  and  the  heat  of 
steam  at  60  lb.,  say,  307",  is  provided  for  by  a  junction  and  service-box.  These  are 
placed  at  convenient  intervals  along  the  line  of  100  feet  to  200  feet.  The  arri^dna- 
pipe  from  the  boilers  is  inserted  by  a  nickel-plated  extension  or  telescopic  joint 
made  steam-tight  by  passing  through  -a  stuffing-box.  The  departing-pipe  is 
immovably  attached  to  the  box,  so  that  one  end  of  each  100  feet  of  pipe  is  fast  and 
the  other  movable,  affording  free  play  to  the  expansion  and  contraction. 

All  service-pipes  are  taken  from  the  junction-box,  which  is  securely  bolted  to 
the  masonry  and  anchored  to  the  pipes.  The  bottom  of  the  box  being  placed  lower 
than  the  pipes,  all  water  condensation  is  carried  forward  and  deposited  in  it,  to  be 
taken  up  subsequently  as  entrained  water,  and  re-converted  into  steam,  at  lower 
pressure,  as  the  steam  passes  through  the  reduction-valve. 

At  each  point  of  consumption  there  is  a  cut-off,  under  the  control  of  the 
consumers. 

The  supply-pipes  from  the  mains  to  the  houses  are  li  inches  in  diameter,  and 
witliin  each  house  -|in.  pipes  are  used. 

In  addition  to  the  cut-off' tap  from  the  main,  under  the  control  of  the  consumer, 
there  is  a  pressure-valve  or  regulator,  by  means  of  which  the  pressure  of  steam  is 
reduced,  and  the  sujiply  to  the  building  regulated  automatically  and  with  unerring 
precision.  This  is  accomplished  by  two  diaphragms  of  rubber  packing,  acted  upon 
by  weighted  levers,  and  moving  two  slide-valves.  The  first  valve  is  Aveighted 
to  10  lb.,  and  the  second  to  5  lb.  or  2  lb.  if  required. 

After  the  steam  has  passed  the  valves  of  the  regulators,  it  enters  the  meter 
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phced  above  the  regulator  at  a  uniform  pressure.  Tliis  meter  resemb  es  m  its 
movements  those  of  a  55-day  American  clock:  as  the  steam  passes,  the  move- 
ments are  made  to  rotate  a  screw,  upon  which  haiigs  a  pointer  mo^ong  along  a 
dial  :  each  revolution  registers  an  arbitrary  unit,  the  value  of  which  has  been 
previously  ascertained  by  weighing  the  water.  The  clock  marks  the  time  and  the 
register  the  quantity,  both  of  which  being  always  uniform  at  any  given  pressure, 
absolute  accuracy  may  be  obtained. 

The  distribution  of  heat  in  the  apartments  is  by  means  of  radiators  (J^ig.  Zil), 
consisting  of  inch  pipes  about  thirty  inches  long,  placed  vertically,  either  m  a  circle 
or  in  a  double  row,  and  connected  together  top  and  bottom.  Steam  is  admitted  at  the 
top  in  such  quantity  as  desired,  the  bottom  being  open,  the  amount  of  radiating-sur- 
face  being  determined  by  the  amount  of  steam  ;  thus,  a  little  steam  will  occupy  the 
upper  portion  of  the  tubes,  the  lower  portion  being  cool,  the  amount  admitted  being 
controlled  by  an  inlet  valve,  so  adjusted  that  the  temperature  of  a  room  may  be 
maintained  at  a  low  degree  or  raised  to  the  full  capacity  of  the  radiator,  and  is 
easily  controlled  by  a  thermostat  applied  to  each  radiator,  so  arranged  as  to  open 
and  close  the  valves,  admitting  steam  to  the  radiators  :  this  valve  may  be  set  to 
operate  within  any  ten  degrees  of  temperature,  so  that  the  heat  of  a  room  may 
be  automatically  maintained  at  any  point  desired. 

The  advantage  of  tliis  form  of  radiator  is  its  economy  and  ease  of  graduating  to 
all  weather.  A  small  portion  may  be  made  hot,  while  the  remainder  is  cold.  The 
steam  and  water  of  condensation  give  off  all  their  heat,  and  there  being  no  valve  in 
the  return-pipe,  and  no  pressure,  there  is  no  cracking  and  sputtering  noise  as  in- 
pressure  radiators.  A  quarter-inch  pipe  will  supply  steam  for  radiators  for 
warming  6,000  cubic  feet. 

The  condensed  water  from  the  radiators  is  conducted  in  protected  pipes  from  all 
parts  of  the  building  where  steam  has  been  used  back  into  the  basement  through 
the  trap  into  coils  of  pipes  set  in  a  brick  chamber ;  into  this  chamber  cold  air  is 
admitted  from  the  outside  of  the  building  as  in  an  air-furnace,  and,  coming  in 
contact  with  the  coils  of  hot  water,  abstracts  the  i:emaining  units  of  heat,  and 
passes  up  through  the  registers  into  the  rooms  above  as  warm,  pure  air ;  while  the 
water,  now  cold,  passes  into  the  well  for  future  use,  if  required. 

The  trap  is  a  simple  device  to  permit  the  escape  of  the  Avater  of  condensation, 
while  retaining  the  steam.  The  trap  is  a  vertical  cylinder  at  the  bottom  of  the 
return-pipe,  in  which  is  placed  a  bucket  suspended  by  a  lever  connected  with  a 
valve  which,  when  raised,  opens  the  pipe  leading  from  the  bottom  of  the  trap. 
This  bucket  is  balanced  when  full  of  water,  but  when  the  overflow  fills  the  outer 
vessel  the  bucket  rises,  opens  the  valve,  and  the  water  below  escapes. 

The  laid-on  steam  may  be  tised  for  certain  cooking-purposes.  Hot  water  for 
use  may  be  had  at  any  moment,  day  or  night,  by  means  of  a  novel  apparatus  like 
the  sprinkler  of  a  watering-pot,  attached  by  a  rubber  tube  to  any  radiator  or  pipe 
in  the  house,  and,  in  an  incredibly  short  time  any  quantity  can  be  boiled  Avithout 
noise  or  slop  ;  for  example,  a  bucket  of  water  can  be  Jieated  in  three  minutes,  and 
sufficient  for  a  bath  in  ten  minutes. 

For  bakmg  and  roasting,  superheated  steam  is  required,  although  both  animal 
and  vegetable  food  can  be  cooked  at  the  temperature  of  boiling  water ;  to  brown 
meats,  to  broil  beef  steak,  and  form  the  crust  of  bread,  requires  a  temperature  of  not 
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less  than  300''  to  420°  de<^rees  of  Vipnf  l->o;,,r,  ^  ^ 

60  lb.  to  350  lb.  '       °  ^  '"^^^^^       *°  ^  steam-pressure  of 

In  Germany,  bread  is  baked  in  ovens  heated  by  steam  at  high  pressure  and 
French  cooks  have  long  been  in  the  habit  of  preparing  their  nicest  b  o  o^^^  d^^^^^^^^^^ 
game  by  ngh-pressure  steam.    It  is  stated  that  the  Silsbee  oven  is  arrL.ed 

ssr^::r::s::~  -      — -  ~ 

It  IS  aUeged  that  this  stove  is  capable  of  performing  all  the  duty  of  the  best 
sW  ~  "  inconvenience,  with  satisfactory  result^  ala  i^^  a 

As  in  the  case  of  gas-supply,  the  Steam  Supply  Company  lay  their  pipes  up 
to  the  houses  the  consumer  paying  for  aU  internal  pfpes,  fittings,  and  r  Jia'to"  ' 

In  a  moderately-sized  eight-roomed  house,  the  expenses  of  these  have  been 
stated  to  amount  to  about  150  dollars,  or  a  trifle  over  IsO  ;  and  in  a  lartrhousT 
with  more  expensive  fittings,  500  dollars,  or  about  £100 

.nffl  ^  t         '"'P''''"  ^y^*^^'  l^^^d  are  not 

sufficient  to  sW  the  economical  results.     The  houses  supplied  have  not  been 
continuous,  and  consequently  the  length  of  main  per  house,  and  the  loss  for  con- 
densation per  house,  have  been  greater  than  would  otherwise  be  necessary  In 
the  absence  of  all  previous  experience  as  to  the  cost  of  manufacturing  and  dis- 
tributing steam,  the    Company,  when  they  commenced  operations  at  Lockport 
supplied  heat  at  a  price  equal  to  the  previous  average  cost  of  coal  to  each  con- 
sumer, with  satisfactory  results  to  all  concerned.    As  an  example,  the  school-house 
measured  105,000  cubic  feet  of  air-space  to  be  heated.     The  average  annual  cost 
Of  fuel,  labour,  repairs,  *fec.,  had  been  $649.00;  of  this  .§300.00  was  for  the  item 
of  coal.     The  Company  therefore  agreed  to  maintain  a  temperature  of  seventy 
degrees  from  8  o'clock  a.m.  to  6  o'clock  p.m.  for  $300.00  a  year,  or  £60;  and  the 
Avarming  and  ventilation  of  the  building  gave  entire  satisfaction  to  the  trustees  and 
the  pupils.     Experience,  thus  far,  rather  tends  to  diminish  than  increase  the 
expense  ^  of  steam  heating.  _  The  Company  have  since  reduced  their  charges 
for  heating  that  school-house  to  $267.00  per  annum,  thus  saving  the  city  |382r00 
per  annum.      The  great  advantage  of  the  system  appeared  in  the  saving  of 
annoyance  in  handling  coal,  ashes,  kindling,  ikc. ;  also  the  expense  of  stoves  °aud 
repairs ;  but  further  experiment  led  some  steam  companies  to  lump  their  charges 
for  steam  for  8s.  per  thousand  cubic  feet  of  aii'-space  per  annum,  which  was  found 
to  be  a  still  greater  economy;  but  upon  the  introduction  of  the  meter  made  to 
register  about  that  rate,  a  further  saving  has  been  effected  by  cutting  off  radiators 
in  upper  rooms,  parlours,  &c.,  when  not  in  use,  and  paying  only  for  the  steam 
actually  consumed.    Its  economy,  when  applied  to  cooking,  may  be  estimated  thus : 
a  family  will  use  20  lb.  of  coal,  together  with  the  kindling  necessary  to  make  a 
fire,  for  cooking  breakfast,  and  the  coal  is  all  lost ;  now  20  lb.  of  coal  will  convert 
200  lb.  of  water  into  steam,  which  is  enough  to  run  from  ten  to  twenty  steam 
cooking-stoves  one  hour. 

It  may  be  further  instanced  that  at  Detroit  a  Steam  Heating  Company  has 
been  recently  established  which  is  being  gradually  extended.  By  accounts 
from  Mr.  Gordon  Lloyd,  the  engineer  of  the  comjjany,  it  heated  a  vai-iety  of 
buildings,  stores,  offices,  two  banks,  one  publishing  office,  one  boot  and  shoe 
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fnr-torv  &c  belonging  to  nineteen  distinct  owners,  with  an  aggregate  cubic 
"  W  3  300000^^^^^^  in  addition  to  which  it  furnishes  power  to  eight  distinct 
:^^^^^o^  2  to  65  horse-power_in  the  aggregate  196  horse- 

'°"tL  cost  last  year  was  about  the  same  as  that  of  private  heating,  but  it  would  be 
less  on  an  extended  scale,  provided  the  consumers  be  not  too  scattered  necessitating 
an  undue  proportion  of  street-main.  It  is  not  usually  prac  icable  in  cities  to  retu  n 
the  water  of  condensation  to  the  boilers,  which  generally  is  a  great  economy,  and 
would  be  done  in  all  private  or  isolated  cases.  Moreover,  Mr.  Lloyd  considers  tha 
the  combination  of  heating  with  the  supply  of  steam-power  is  not  advisable,  because 
whilst'he  pressure  required  for  the  latter  is  at  least  50  lb.,  for  heatnig-piirposes  from 

3  lb.  to  5  lb.  would  suffice.  .      .         ^     ^      i  •  i. 

Occasionally  one  hears  of  the  bursting  of  the  steam-pipe  in  a  _  street,  which 
occasions  much  confusion  from  the  continued  volume  of  steam  which  pours  out; 
but  whatever  may  be  its  drawbacks,  there  can  be  no  doubt  that  a  system  of  steam 
heatin-  on  a  large  scale  would  greatly  diminish  the  evils  of  smoke  m  the  London 
atmosphere  from  which  we  suffer,  and  it  would  especially  produce  very  great 
comfort  in  the  dwellings  of  the  working  classes,  and  any  increase  of  cooking 
could  be  supplemented  by  gas. 

The  system  would  appear  to  be  one  eminently  adapted  to  be  apphed  as  an  ex- 
periment in  some  of  the  new  model  buildings,  such  as  those  of  the  Artisans'  and 
Labourers'  Dwellings  Company,  or  the  Industrial  Dwellings  Society,  or  the  Metro- 
politan Association  for  Improving  the  Dwellings  of  the  Labouring  Classes.  In  the 
buildings  of  these  societies,  of  which  all  the  tenants  are  under  one  management,  the 
introduction  of  such  a  system  would  appear  to  be  very  economical,  and  to  command 
the  best  chances  of  success. 
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CHAPTER  LXI. 

CONCLUSION-. 


la  IS  impossible  to  lay  do^vn  rules  which  should  be  applied  in  every  case  for 
either  warming  or  ventilation  ;  because  the  conditions  are  so  different  in  eve^  cat 
la  these  few  examples  we  have  endeavoured  to  illustrate  what  has  been  d7ne  by 
various  persons,  not  as  specimens  to  be  blindly  copied,  but  as  furnishing  ideas  for 
the  consideration  of  those  who  have  similar  work  to  do 

However  well  planned  a  system  of  warming  may  be,  there  is  one  general  cause 
which  leads  to  the  complamt  that  it  fails.    The  fact  is,  every  one  has  different 

It  too  hot  at  56  The  open  fire  has  this  advantage,  that  one  man  may  warm  him- 
self at  It  and  get  as  close  to  itas  he  likes,  and  another  mav  keep  away  from  its  rays 
and  yet  be  m  the  society  of  those  who  profit  by  its  heat.  In  a  room  heated  by 
stove-pipes  or  warmed  air  this  is  not  so.  All  must  undergo  the  advantage  or 
disadvantage  of  a  similar  temperature.  This  alone  makes  the  subject  difficult 
But  there  are,  m  addition,  the  difficulties  arising  from  the  shape  and  size  of  houses 
from  the  conditions  of  site  and  exposure,  and  many  other  matters  already  attended 
to:  for  these  reasons  the  subject  of  ventilation  is  complex.  The  use  of  criy^^ 
examples  is  as  much  with  the  object  of  showing  how  improved  results  could  be 
obtained,  as  of  elucidating  what  has  been  done. 

There  is  no  single  plan  by  which  ventilation  can  be  conveniently  secured.  What 
is  good  in  one  case  may  not  be  applicable  in  another ;  and  it  is  only  by  carefully 
adapting  general  physical  laws  to  the  special  requirements  of  each  case  that  success 
can  be  obtained.  The  more  simple  the  plan  adopted,  the  greater  will  be  the  assur- 
ance that  it  wiU  be  ready  to  act  efficiently  at  all  times  to  ensure  a  change  of  air. 

It  will  be  obvious  that  the  necessities  of  a  mild  or  equable  climate  iSie  England 
differ  essentially  from  those  of  a  climate  subject  to  such  extremes  of  heat  and  cold 
as  the  United  States  of  America,  or  the  continent  of  Europe,  and  that  therefore  very 
different  conditions  are  required  in  each  case. 

It  may  also  be  assumed  that  when  the  ventilation  is  required  to  go  on  uninter- 
ruptedly day  and  night,  very  different  conditions  prevail  from  those  which  are  re- 
quired when  rooms  are  used  for  a  short  time  by  large  numbers  of  persons. 

The  object  of  ventilation  is  to  approximate  the  hygienic  conditions  of  our  indoor 
life  to  those  which  prevail  when  we  are  sun-ounded  with  a  free  moving  atmosphere 
on  aU  sides. 

The  nearer  we  can  render  the  air  indoors  similar  in  2'>urity  tO  that  out  of  doors, 
the  greater  will  be  the  degree  of  health  Avhich  we  shaU  secure. 

This  short  and  condensed  account  of  the  subject  has  been  written  mainly  in  the 
hope  that  by  continually  directing  attention  to  the  subject,  the  public,  the  builders 
of  houses,  and  the  architects,  will  become  thoroughly  imbued  with  the  necessity  of 
])aying  more  attention  to  ventilation  than  has  hitherto  been  the  case,  and  will  all 
co-operate  to  produce  what  has  hitherto  been  a  wonder  almost  unknown,  viz.,  a  really 
healthy  house. 


HOUSE-DRAINAaE. 

By  William  Eassie,  C.E.,,F.L.S.,  F.G.S.,  ri 


CHAPTER  LXII. 

DBAIK-PIPES,  ETC.,  AND  MODE  OF  LAYING. 
-Cradled  Drain-pipes-Pipes  aftoidmg  Means  .      ^  ^     ^       Sectional  Area-Iron 

Sei-vice-cleanser. 

Under  the  Section  of  Architecture,  the  sanitary  equipments  of  the  inside  of  a  house 
which  rekte  to  drainage  have  been  duly  treated.      For  instance :   the  bath  , 
lavatories,  and  sinks  we  duly  noticed,  and  also  much  valuable  -^^^^^^^^l^^^ 
regarding  the  various  kinds  of  water-closet  appliances  for  mdoor  use.    The  Section 
which  I  have  been  asked  to  supply  will  refer  to  the  arrangements  out  of  doors- 
taHnc.  up  the  drainage  outside  the  walls  of  the  house,  and  giving  necessary 
information  regarding  the  laying-down  of  drains,  the  choice  of  traps  and  gullies,  the 
^eatment  of  soil-pip-  and  outdoor  closets,  the  disconnection  of  tl-  1-se  frc^  the 
main  drain  or  sewer,  the  choice  of  an  outfall,  and,  at  least,  some  of  the  varied  and 
most  useful  methods  of  dealing  with  the  water-borne  sewage  from  a  house  oi 
mansion  in  the  country.    The  chapter  upon  Disconnection  will  also  bear  upon 
the  treatment  of  houses  the  drainage  of  which  finds  its  way  mto  town  or  city 

As'  far  as  the  health  of  the  inmates  is  concerned,  the  necessity  for  a  sound 
system  of  drainage  might  be  said  to  take  first  rank  3  for,  however  perfectly  the 
house  may  be  built,  heated,  lighted,  and  ventilated,  except  the  underground  drains 
be  properly  laid  down  the  residence  will  never  be  free  from  occasional  outbreaks  ot 
disease.  The  more  ordinary  faults  which  seem  to  have  been  committed  m  the 
draining  of  houses  which  have  been  already  built  wHl  be  treated  by  an  able  writer 
under  another  Section.  I  have  to  deal  Avifch  the  treatment  of  houses,  buildmg 
or  still  to  be  built,  and  to  give  the  reader  the  most  modern  and  soundest  information 
upon  the  subject. 


DEAIN-PIPES. 


In  regard  to  the  choice  of  the  drain-pipes  to  be  used,  a  few  words  would  not  be 
supererogatory.  Fortunately,  there  are  a  number  of  potteries  within  easy  reach  of 
each  county  where  excellent  glazed  and  socketed  stoneware  pipes  can  be  obtained. 
Some  of  them  excel  in  the  goods  they  manufacture,  and  produce  pipes  with  which 
no  fault  can  reasonably  be  found ;  but  others  are  less  renowned  in  this  respect,  and 
produce  ratlier  inferior  goods.  For  example  :  the  interiors  arc  not  smooth ;  the  ends 
of  the  pipes  do  not  fit  the  sockets  anything  like  accurately,  and  have  awkward 
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be  made     And  wh^,t  f r     ^'  ?        ''''^  '^''^P'^^  '^^"'^  ^^^^  j^i'^ts  l^^^e  to 

tha    ati!- U^^^^^^^  f  — turers,  they  shonldbe 

returned  on  their  hands  '^"'^        objectionable  ware 

I  am  not  aware   of   any '  circumstances   which  could   arise  in  connection 
with   house-draxnage   where   it  would   become   necessary   to   lay   doX  b  k 
h.:ns  or  even  drams  built  up  of  stoneware  segments,  because  whot^pes  Ire 
manufactured  xn  varxous  parts  of  England  and  Scotland  &c.,  raxxgixxg  i^ t  hre 
f  et  and  upwards  xn  diameter,  and  formed  either  round  or   gg-sLp°ed  x^x  secln 
It  may,  therefore,  be  taken  for  granted  that  the  householder  requixl  to  deaT^th 

;l?erre  ^-"^-^^^  -d  througlLt  the  tltli^J 

pages  pipe  draxns  of  thxs  description  will  alone  be  taken  into  consideratioix. 

It  xs  of  the  utmost  imjoortance  that  the  drain-pipes  which  are  to  be  laid  inside 
^e  dwellxxxg  should  be  of  the  best  possible  patterxx,  as  regards  the  method  of 
joxnting.  There  are  many  differexxt  kinds  of  drain-pipe  joints  extaxxt,  and  patexxts 
aie  benxg  continually  taken  out  to  meet  the  requirements  of  architects  and  engixxeers 
xn  this  direction.  An  excellent  and  well-known  sanitary  drain-pipe,  with  an 
xmproved  and  very  satisfactory  joint,  is  that  known  as  Staxiford's,  sold  at  Lambeth 
shown  at  Fig.  242. 

Here  a  tight  joint  is  obtained  by  casting  upon  the  spigot  a  and  socket  b 
ot  each  pipe,  by  means  of  moulds  purposely  prepared,  rhxgs  of  cheap  and  durable 
materxal,  whxcli  fit  mechanically  into  each  other  when 
put  together,  and  are  almost  as  perfect  as  though  each  q 
pipe  had  been  turned  in  a  lathe ;  the  section  of  the  ring 
being,  however,  such  as  to  afford  a  certain  amount  of  ^.^ 
movement  without  destroying  the  proper  fit  of  the  joii.t.  ^" 
In  laying  these  pipes,  the  spigot  and  socket  form  a  complete  joint,  if  even  merely 
smeared  over  with  some  grease.  It  is,  nevertheless,  wisest  to  enclose  the  joint  with 
a  lutixxg  of  cement  as  well. 

This  kind  of  pipe,  or  some  equally  good  imj^roved  joixxt,  should  always  be 
adopted,  whenever  possible,  for  the  inside  drain  of  a  house.  This  is  not  sayixig 
that  picked  ordinary  glazed  and  socketed  pipes  will  not  serve  for  indoor  drain 
purposes,  but  merely  that  better  joints  can  be  ensured  by  making  use  of  the  best 
appliances  of  modern  date.  The  value  of  such  an  improved  joint,  as  showTx 
at  Fig.  242,  is  that  the  pipe  is  rendered  trustworthy,  independent  of  any  cement 
luting ;  that  the  joint  can  be  inspected  before  being  put  in  the  work  ;  that  no  luting 
material  can  possibly  obstruct  the  inside  of  the  pipes;  that  subsoil-water  is 
absolutely  excluded  ;  and  that  no  sewage-matter  can  escape  fi-om  the  pipes, 
to  poison  wells  or  raixx-water  tanks. 

It  is  in  no  way  necessary,  in  such  a  work  as  this,  to  enter  into  any  detail 
as  regards  the  amount  of  declination,  or  fall,  to  be  given  to  the  pipes  when  being 
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laid,  because  it  would,  in  most  cases,  be  misleading  ;  and,  as  a        ^  f  f^^^^^^^^^^^^ 
every  house  requires  different  treatment  in  this  respect.     It  would  be  the  proMnce 
and'dutv  of  the  architect  or  engineer  to  decide  as  to  the  amount  of  xnchnatxon 
and  the  velocity  in  feet  per  second  which  each  case  requires  or  admits  ot. 

When  the  tLches  in  which  the  pipes  are  to  be  laid  have  been  duly  dug  out 
care  should  be  taken  to  see  that  the  levels  chosen  are  accurate  throughout  and 
a  hard  bed  secured  for  the  pipes  to  lie  upon.  Where  any  indication  of  soft 
around  or  running  sand  shows  itself,  concrete  should  be  laid  down,  so  as  to  afford  a 
proper  rest  for  the  pipes.  The  drain-pipes  should  then  be  laid,  working  on  towards 
the  house,  and  carefully  jointing  each  pipe  with  the  best  cement,  makmg  sure  that 
the  lower  portion  of  the  joint  as  well  as  the  upper  is  carefully  filled  with  the  lutmg- 
tnaterial.  There  is  no  necessity  for  caulking  the  joints  with  any  fibrous  material, 
but  making  them  with  cement  only.  As  each  pipe  is  laid  down,  special  care 
ou-ht  to  be  taken  to  see  that  where  cement  joints  are  used  this  material  is  carefully 
wiped  away,  should  it  protrude  in  the  interior  of  the  pipe  as  the  joints  are  being 
pressed  to^rether.  A  neglect  of  this  precaution  will  entail  much  subsequent  trouble 
and  annoyance,  inasmuch  as  the  proper  flow  of  the  sewage  in  the  pipe  will 
be  interrupted,  and  obstructions  formed,  where  the  bad  jointing  has  been  allowed  to 
pass     It  is  here  where  Stanford's  and  other  improved  joints  are  of  value. 

It  is  held  by  some  authorities  that  in  order  to  obtain  a  drain  with  perfectly 
staunch  joints  on  the  march  of  the  drain,  it  is  necessary  to  make  use  of  cradles 
of  glazed  earthenware,  upon  which  both  pipe  and  socket  can  rest.  This  was  first 
introduced  into  practice  by  the  late  Mr.  George  Jennings,  of  Lambeth.  Certainly, 
this  is  an  additional  precaution,  as  it  enables  the  joints  to  be  got  at  all  round,  and 
the  pipes  are  kept  steady  in  their  place.  Some  of  these  cradles  are  made  so  as  to 
utilise  the  ordinary  pipes,  but  whether  they  be  used  or  no,  care  must  be  taken, 
as  before  mentioned,  to  secure  a  sound  bed  for  them  to  rest  upon.  A  sketch  of  a 
patent  joint  of  this  description,  known  as  Maguire's,  and  much  used  in  Ireland, 
is  given  at  Fig.  243,  as  an  example  of  these  cradles.  This  pattern  of  pipe  and 
cradle  permits  of  an  independent  cement  joint  to  be  made  on  the  loAver  half  of  the 
socket,  where  the  sewage  runs,  by  pouring  in  liquid  cement  round  the  first  joint 
after  it  has  become  properly  set.  The  chief  value  of 
cradling  the  pipes  is  that  it  renders  the  pipes  more  to  be 
relied  upon,  and  prevents  the  workmen  from  having  re- 
course to  the  use  of  wooden  wedges  under  the  pipes,  which 
wedges  are  certain  to  rot  away  after  a  time  where  the  Pig.  243, 

s\ibsoil  is  damp.    There  is  no  absolute  necessity  of  going 
to   the  expense  of  this  drain  when  laying  down  drain-pipes  outside  the  house, 
provided  the  ordinary  drain-pipes  are  carefully  and  properly  laid. 

Sufficient  has  been  said  regarding  the  necessity  of  a  sound  and  firm  bed  for 
the  pipes  to  rest  upon;  but  it  may  be  taken  for  gi-anted  that  the  drains  which 
pass  through  the  inside  of  the  house  should  be  laid  throughout  upon  a  concrete 
bed,  and  after  the  joints  have  firmly  set  they  should  be  covered  over  with  two 
or  three  inches  of  concrete ;  for  a  cement  joint,  however  well  made,  with  an 
ordinary  pipe,  is  liable  to  fracture,  and  may  become  insecurs  from  other  causes, 
such  as  expansion  and  contraction,  &c.  Where  the  extra  precaution  is  taken 
of  placing  the  drain-pipe  in  a  concentric  ring  of  concrete,  it  is  advisable  to  pro- 
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Vide,  liere  and  tliere,  inspection-aperfcures  in  the  drain,  so  as  to  be  able  to  find 
out  the  whereabouts  of  and  remove  any  obstruction  which  may  have  got  into  the 
di'ain. 

Every  pipe-manufacturer  has  his  own  system  of  providing  inspection-caps  of 
this  kind,  some  merely  cutting  out  an  oval  space  on  the  top  of  a  pipe  and  fitting 
there  a  lid  with  a  flange ;  others  dividing  the  pipe  into  two  equal  longitudinal 
halves ;  while  others— as,  for  instance,  Doulton— merely  take  a  segment  of  the 
whole  length  of  the  pipe,  treating  it  as  shown  at  Fig.  244. 

Some  builders  who  do  not  know  better  are  so  enamoured  of  this  kind  of 
drain,  that  I  have  known  them  to  lay  the  whole  drainage  of  a  house  throughout 
with  these  patent  pipes.     But  their  only  use  is  to  provide,  as  stated  before,  a 

means  for  searching  the  drain  with  rods,  or 
other  contrivances,  when  a  stoppage  has  been 
diagnosed.  They  are  chiefly  valuable  in  long 
passages;  and  where  used,  the  covers  should 
be  bedded  down  with  mortar  or  putty  merely, 
a  chamber  formed  for  them,  and  a  man-hole 
cover  provided  as  well.  Places  for  inspect- 
ing the  drains  in  the  inside  of  a  house  are  always  provided  where  there  is  a 
considerable  length  of  drain;  and  the  majority  of  architects  and  engineers  now 
simply  lay  down  a  half-round  pipe,  two  feet  long,  between  the  other  drain-pipes  at 
desirable  places,  raise  the  sides  up  in  cement,  and  cover  the  space  over  with  an 
air-tight  iron  man-hole. 

Where  there  is  much  traflic  across  the  inspection-chamber,  an  iron  man-hole 
cover  is  apt  to  become  loose,  and  in  such  cases  it  would  be  preferable  to  bed 
down  a  stone  over  it,  with  a  ring  countersunk  into  it  for  the  convenience  of 
lifting.  Such  a  stone  should  not,  however,  be  bedded  in  cement,  but  rather  in 
mortar,  with  merely  an  eighth  of  an  inch  cement  jointing  near  the  surface ;  and 
if  this  be  done,  the  stone  will  come  up  easily,  and  without  breaking  it. 


There  is 
proper  bends, 


nothing 


good 


house-drainage   than  providing 


BENDS,  JUNCTIONS,  ETC. 

more  essential  in 
Wherever  requisite,  a  very 
slight  curve  might  be  made  with  straight  pipes, 
but  it  is  a  dangerous  practice,  and  fortunately, 
there  are  easy  bends  now  manufactured  to  suit 
almost  every  possible  contingency.  Several  of 
these  bends  are  shown  at  Fig.  245  ;  for  instance, 
a  quarter-bend  at  A,  one  of  the  easier  bends 
at  B,  and  another  form  of  easy  S-shaped  bend 
at  c — all  of  them  very  useful  forms.  The  best 
practice,  however,  is  sometimes  to  form  the 
bends  with  half-round  pipes  of  the  proper  curves  sought  for,  build  up  the  sides, 
and  cover  it  with  an  iron  man-hole  or  stone  and  ring. 

It  is  also  of  the  utmost  importance  to  provide  proper  junctions  where  junc- 
tions are  necessary.  They  should,  as  much  as  possible,  take  the  form  of  a.  Fig. 
246  :  that  is,  the  junctioniiig  pipe  should  be  like  the  one  arm  of  a  V,  and  never  be 


Pig.  243. 
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at  ricrlifc  an 


.ta  with  the  main  pipe-a  mistake  whioll  is  very  frequently  made 
.  •  -  •  r/ilrl-mei,  Of  course,  both  single  and  double  Y  junctions  can 
by  ,„e>.penenced  ™tm«"-    W  .ttedly,  the  best  method  of  dealing  mth  a 

be  got  ''^-7>■■r:' The  goods  affording  access 
CtrZl::^^^^^  -stmeted  ou  the  best  forms,  after 

"        ^LttSXt^:::ln  a  .actiee  with  workmen  to  endeavour  to 

make  a  joint  between  large  and  smaller-sized  pipes, 
without  having  recourse  to  proper  diminishing  pipes,  such 

as  shown  at  B,  Fig.  246.  ,   ,  •  i 

They  diaphragm  them  off  with  a  slate  or  with  bricks, 
or  they  simply  fill  up  with  cement,  and  even  Avith  clay,  the 
difference  in  section  at  the  top.  It  would  be  better  to 
wait  a  month,  and  pay  an  excessive  price  for  carriage, 
than  allow  such  procedure  as  this.  At  such  places  rats 
find  an  easy  entry  into  the  drains,  and  moreover,  the 
246-  cement  cracks,  the  clay  pulverises,  and  the  debris  falls  into 

the  pipe,  and  lays  the  foundation  for  a  complete  choking  up  of  the  drain. 

SYPHONS  AND  DEAIN-LAYING. 

The  most  abused  article  in  a  line  of  drainage  is  the  syphon,  and  they  axe 
inserted  in  all  sorts  of  improper  places.  Now,  if  there  be  anything  about  which  one 
ouc^ht  to  be  more  careful  than  another  in  deahng  with  sewerage,  it  is  the  syphon. 
Sometimes  they  are  improperly  placed  in  the  front  of  a  sink,  with  a  view  of  pre- 
venting the  air  of  the  house-drain  from  rising  in  the  sink  waste-pipe ;  sometimes 
at  some  little  distance  from  the  scullery  grease-trap;  sometimes  at  the  feet 
of  soil-pipes  and  of  bath-wastes,  where  the  latter  join  the  main  drain,  sewer,  or 
sewage-tank. 

Wherever  a  syphon  is  positively  needed,  the  plain  syphon  shoAvn  at  A,  Fig.  247, 
should  be  avoided  in  every  case ;  and  so  also  should  all  syphons  where  an  inlet 
is  placed  in  the  middle  of  the  dip,  as  shown  at  b. 

Perpendicular  drains  are  sometimes  made  to  enter  syphons,  as,  for  instance,  at  b  ; 
but  it  is  imwise  to  treat  a  syphon  in  this  way,  as  for  the  most  part  these  entries 
into  the  syphon  were  intended  for  inspection-purposes,  and  for  the  removal  of  any 
sand  or  other  material  which  may  have  lodged  in  it.  When  inspection  is  wanted 
in  a  syphon,  the  entry  is  preferably  made  where  shown  by  the  dotted  line  at  c,  and 
syplions  of  this  handy  description  are  now  becoming  common. 

It  is  wise,  when  laying  down  a  syphon,  to  provide  a  pipe  next  to  it  Avhich  is 
provided  with  a  raking-piece,  for  the 
introduction  of  the  hand  or  cleansing- 
rods  ;  such  a  pipe  is  shown  at  D,  Fig.  247. 
■Syphons,  however,  are  now  in  the 
market  which  are  not  only  provided 
with  the  cleansing-entry  c,  but  also  with 
the  raking-piece  attached  to  the  syphon, 
as  shown  by  the  dotted  lines  at  E. 
Syphons  of  this  sort  are  always  used  in  disconnection-chambers,  as  we  shall  see 
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further  on  and  should  be  preferred  to  all  others,  placing  them,  of  course  in  a 
chamber  with  a  man-hole  over  them.  ^uuibe,  in  a 

Ordinary  syphons,  where  the  outgo  is  level  with  the  income,  are  now  rejected  as 
a  rule,  and  those  special  syphons  chosen  where  the  water  or  sewage  obtains  a  drop 
of  two  inches  or  so  m  falling  from  one  end  of  the  syphon  to  the  other.  This 
fall  m  the  syphon  is  very  advantageous,  and  generally  effects  a  clearage  of  the 
sewage  to  beyonc  the  syphon,  and  on  to  the  outfall.  The  common  syphon  does  not 
readily  clear  itself,  as  it  is  ruled  by  mere  gravitation. 

Whenever  possible,  drains  should  never  be  laid  inside  the  house;  and  this  is  one 
of  the  most  salutary  rules  in  house-drainage.  It  is  a  rule,  however,  often  trans- 
gressed. If  the  majority  of  detached  and  semi-detached  villas  were  examined,  it  is 
tar  from  unlikely  that  the  drains  would  be  found  passing  through  the  centre  of  the 
house,  simply  because  that  treatment  of  the  drain  required  fewer  pipes,  or  because 
it  was  m  a  line  with  the  scullery-sink  or  servants'  closet,  or  because  the  butler's  and 
housekeeper's  I'oom  sink,  by  taking  the  drain  in  that  fashion,  would  simply  require 
to  drop  into  the  pipe.  The  leading  of  drains  through  the  house  is  unavoidable 
perhaps  in  crescents  and  rows  where  the  houses  join  together,  but  even  then  it  is 
sometimes  possible  to  aA-oid  much  of  the  evU  by  draining  from  both  front  and  back 
of  the  house.  It  is  a  safe  rule,  at  all  events,  not  to  allow  any  portion  of  the  drain 
to  enter  a  house  if  it  can  be  avoided ;  and  even  when  it  can  be  avoided,  and  when 
the  drain  does  not  require  to  pass  through  the  house,  it  is  well  to  stop  the  pipe 
.short  of  the  exterior  Avail,  and  to  lead  any  soil-pipe  to  it  by  taking  the  soil-pipe 
through  the  wall— when  such  soil-pipe  must  perforce  descend  inside  the  Louse— 
and  to  junction  the  metal  with  the  stoneware  pipe  outside  the  house. 

When  earthenware  pipes  must  pass  through  the  walls,  a  relieving  arch  should 
always  be  turned  over  them  the  whole  thickness  of  the  wall.  When  this  precaution 
has  not  been  taken,  and  Avhen  a  settlement  takes  place,  the  pipes  are  liable  to  be 
broken,  and  the  drain  will  consequently  leak  at  a  dangerous  place,  inasmuch  as  the 
sewage  will  saturate  the  subsoil  inside  the  house. 

Drains  are  very  frequently  laid  down  of  far  too  large  a  sectional  area  :  six  inches 
in  diameter  where  four  inches  would  have  sufficed,  nine  inches  where  six  inches 
would  have  been  sufficient,  and  twelve  inches  where  nine  incheswould  have  been  ample. 
This  laying  down  of  too  lai-ge  pipes  is  one  of  the  most  besetting  sins  in  house- 
drainage,  when  that  has  been  left  entirely  in  the  hands  of  the  builder.  I  have 
taken  up  twelve-inch  pipes  in  a  house,  and  replaced  tliem  Avith  six-inch  pipes.  The 
sizes  of  the  pipes  to  be  used  should  not  be  decided  haphazard,  but  advice  taken  uiJon 
this  subject  from  a  competent  person.  As  a  general  rule,  a  four-inch  pipe  is  sufficient 
for  a  cottage,  and  a  six-inch  pipe  for  an  extensiA'e  dwelling.  In  deciding  the 
diameter  of  the  drain-pipes,  due  provision  must  be  made  for  the  rainfall,  or  serious 
floodings  may  be  the  result  after  every  storm  of  unusual  severity. 

Where  drains  are  laid  in  the  Adcinity  of  trees  and  shrubs,  it  is  of  the  utmost 
importance  to  provide  such  a  system  of  jointing  as  Avill  prevent  the  roots  from 
entering  the  interior  of  the  pipes,  and  in  due  time  filling  the  drain  up,  as  they  Avill 
invariably  do.  Merely  Avell-made  cement  joints  will  not  suffice,  and  clay-made 
joints  are,  of  course,  utterly  out  of  the  question  in  house  drain-pipe  laying.  The 
best  procedure  to  prevent  the  invasion  of  the  joints  is  to  coat  Avell  the  joints,  after 
being  laid  and  cemented,  with  tAvo  or  three  layers  of  coal  tar  mixed  Avith  naAv 
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d;;;^^!;;^  concrete  around  them  afterwards,  and  then  again  paying  over  the 
tholetith  another  coat  or  two  of  the  same  material.  Koots  wall  .nvar.ably  turn 
aside  from  such  a  neighbourhood  as  this.  „  ,    .  i-  i 

Th  re  are  several  general  rules  connected  with  the  subject  of  dramage  whxch 
mi^ht  be  borne  in  mind,  and  I  may  mention  a  few  of  them.  For  instance,  a  drarn 
should,  if  possible,  have  a  little  extra  fall  whenever  a  bend  or  a  junction  occurs  m 
its  lin;  of  march;  a  very  little  will  suffice  to  counteract  the  effects  of  friction 
Ac^ain,  alarge  pipe  should  never  deliver  into  a  small  one,  or,  where  it  can  be  avoided 
wfth  advantage,  a  pipe  into  the  same  size  pipe  as  itself.  Again,  it  will  sometimes 
prove  useful,  when  a  pipe  may  possibly  be  required  to  enter  the  dram  at  a  future 
time  near  a  specified  spot,  to  provide  a  dummy  junction,  so  as  to  avoid  the  disturb- 
ance of  the  main  drain  afterwards;  such  a  junction,  however,  should  be  carefully 
stopped  off  by  the  earthenware  disc  provided  for  that  purpose. 

It  is  most  unadvisable  to  lay  down  drains  just  after  the  foundations  have  been 
put  in  or  the  walls  partly  built,  as  no  drains  thus  laid,  although  surrounded  by 
concrete,  can  be  said  to  be  proof  against  the  many  mishaps  consequent  upon  build- 
ing. •  It  is  quite  time  enough  to  lay  the  drains  in  and  around  the  house  when  the 
building  is  roofed  in,  and  the  heavy  carpentering  work  completed.  This  is  of  more 
importance  than  is  generally  considered.  Unfortunately  with  buildings  built  for 
sale,  speculative  fashion,  the  rule  has  been,  and  probably  is,  to  lay  the  drains  in 
immediately  the  foundations  have  been  put  in,  this  work  being  done  by  common 
labourers,  instead  of  by  skilled  drain-men.  The  safe  rule  for  the  householder  is, 
when  entering  upon  residence  in  a  house  purchased  from  a  builder,  and  not  erected 
by  his  own  architect,  to  have  the  whole  of  the  drains  overhauled,  and  the  chances 
are  that  the  whole  of  the  drains  will  have  to  be  re-laid.  Builders  are  not  yet 
generally  made  aware  that  house-drainage  has  nearly  risen  to  the  rank  of  a 
profession. 

SUBSOIL-DRAINAGE. 

It  sometimes  happens  that  the  main  drains  from  a  house  have  to  pass  through 
land  with  a  wet  subsoil  or  places  surrounded  by  springs,  causing  the  water  to  run 
alongside  the  drains,  and  sometimes 
excavate  hollows  underneath  the  pipes, 
to  the  evident  danger  of  their  falling  in. 
When  such  a  state  of  things  is  revealed, 
it  is  customary  to  lay  alongside  the 
pipes  one  or  more  ordinary  lengths  of 
the  common  agricultural  pipes  used  in 
field-draining,  with  simple  butt  joints, 
in  order  to  take  away  freely  the  sub- 
soil-water, this  water  being  led  to  a 
separate  outfall. 

To  provide  for  contingencies  of  this  kind,  Messrs.  Brook,  of  Huddersfield, 
manufacture  a  pipe  drain,  supported  by  a  loose  retort-shaped  pipe,  with  open  joints 
below,  and  it  has  been  frequently  used  with  great  success.  This  combined  pipe  is 
shown  at  Fig.  248  :  A  being  the  pipe  conveying  the  sewage,  b  the  loose  rest,  and  c 
the  open-jointed — or  rather,  non-luted — subsoil-water  conduit.     If  the  last-men- 
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tioned  be  luted  it  is  only  loosely  protected  by  clay,  so  as  to  prevent  a  lar^e  m<^ess 
of  oax-  h  or  sand.    The  water  above  the  level  of  the  retort-shlped  pipe  is  of  c^rTe 
kept  shut  out  from  the  sewage;  but  at  a  suitable  change  of  Le/ it  c  n' b  tu^c! 
mto  the  upper  pipe  a,  and  used  for  flushing  the  subsequent  lengths  of  dri 
These  pipes  are  only  made  of  large  diameter,  and  for  ordinary  purposes  the  use  oj 
ordinary  held  draining-pipes  alongside  the  drain  is  to  be  commended 

Where  a  house  is  buUt  upon  ground  which  secretes  water,  such'as  loose  caravel 
mois  sands,  and  the  like,  experience  has  proved  that  the  h^use  cannot  be  made 
healthy  except  the  space  which  it  covers  has  been  drained  by  agricultural  pip  ! 

0  this  description,  and  the  subsoil-water  removed  to  I  Suitable  ouS 
If  the  outfall  be  into  the  house-drain,  which  removes  excreta  and  other  foul 
wastes,  then  the  collected  subsoil-water  must  first  of  aU  deliver  into  open  -iillies 
before  it  is  taken  into  the  main  drain.  And  in  all  cases  where  drains  are'taken 
from  open  areas  and  blind  areas,  as  they  are  called,  the  same  precaution  should  be 
invariably  taken. 

IRON  DRAIN-PIPES. 

_    Up  to  the  present  time  I  have  been  deaUng  with  earthenware  pipes  only  but 

1  should  add  that  it  is  sometimes  the  practice  with  engineers  to  drain  the  house  by 
means  of  cast-iron  pipes.  Such  a  system  is  commendable  in  many  respects,  as  the 
joints  are  less  frequent,  the  pipes  more  rigid,  and  if  treated  against  the  chance  of 
oxidation,  inside  and  outside,  by  means  of  the  Barff  or  some  other  process,  the  drain 
will  repay  the  extra  cost.  In  Paris,  iron  pipes  arc  always  used  inside  the  houses, 
and  are  generally  placed  above  ground  throughout  their  lengths,  although  this  is 
mostly  done  because  the  pipes  are  obliged  to  be  made  so  as  to  deliver  into  "  separa- 
tors," where  the  soHds  are  mostly  caught,  and  the  liquids  allowed  to  pass  into  what 
serve  as  main  sewers  in  that  city.  At  the  present  moment  I  am  just  completing  the 
drainage  of  a  large  house  in  London  where  the  whole  of  the  drainage  runs  above 
the  basement-level  in  galvanised  iron  pipes,  fastened  along  the  wall  at  a  suitable 
gradient,  everything  delivering  into  these  drain-pipes — except  solely  the  soil-pipes- 
first  of  all  in  the  open  air. 

Although  this  may  by-and-by  be  a  common  practice,  it  must,  however,  be  con- 
ceded that  for  all  practical  pui-poses  a  well-laid  and  concrete-protected  underground 
drain  is  sufficient  for  the  best  purposes. 


DRAIN-PLANS  AND  DRAIN-CLEANSING. 

It  is  of  the  utmost  imjoortance  to  the  occupier  of  a  house  that  he  should  be 
furnished  with  an  accurate  drain-plan  to  a  suitable  scale,  with  an  index,  showing 
the  descent  of  each  pipe,  and  the  jDosition  of  every  gully  and  other  trap.  I  have 
frequently  been  obliged  to  examine  houses  which  have  just  been  completed,  and 
found  the  builder  unprovided  with  a  chart  of  the  drains  which  he  had  laid  down 
only  a  few  months  previously.  In  one  case  the  foreman  had  died,  and  he 
alone  knew  the  direction  in  which  the  various  pipes  were  laid.  Drain-plans 
should  even  be  made  in  triplicate  :  one  hung  up  in  the  basement,  for  the  use  of  the 
servants ;  another  handed  to  the  client,  for  placing  in  his  cabinet ;  and  the  third 
retained  by  the  architect  and  engineer,  for  future  reference. 

Very  frequently,  and  from  many  causes,  drains  become  choked,  necessitating  a 
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search  for  the  obstructions,  and  a  means  either  of  finding  out  the  exact  plax^e  of 
seaicn  loi  me  stoppage,  with  a  view  of  opening  up 

the  drain  at  that  spot,  or  of  by  some 
means  loosening  the  sewage-retarding 
material,  and  of  pushing  it  onward 
to  the  ontfall.  Most  drain-men  pro- 
vide themselves  with  drain-cleansing 
machinery,  and,  in  my  opinion,  no 
country  house  should  be  without  a 
complete  set.  A  sketch  of  a  com- 
plete set  of  this  machinery  is  given 
at  Fig.  249  :  A  representing  a  bundle 
of  canes,  with  joints  which  easily  screw  together,  and  reaching  in  extent  from  thirty 
to  a  hundred  feet  when  attached  together.  The  rake  for  fitting  upon  the  end  of  the 
first  cane,  and  used  for  loosening  and  raking  out  any  hard  sub- 
stances, is  shown  at  b;  the  ball  for  pushing  on  solids  at  c ;  the 
roller,  with  brush  for  cleansing  the  inside  of  the  dram,  at  d  ; 
and  the  double  screw,  for  laying  hold  of  bulky  foreign  sub- 
stances, at  E.  This  machinery  can  also  be  used  for  sweepmg 
chimneys  at  a  small  additional  cost. 

Another  most  useful  contrivance  to  be  kept  in  houses,  ready 
for  instant  use,  is  the  apparatus  sketched  at  Fig.  2-50,  which  is 
most  valuable  for  instantly  cleansing  the  discharge-pipes  of  sinks 
and  lavatories,  and  even  closets,  Avhen  they  become  partially  or 
entirely  stopped  up.  It  is  composed  of  an  india-rubber  cup,  a, 
an  iron  disc,  c,  and  a  wooden  handle,  B.  In  using  tliis  force- 
.cup,  aUow  water  to  flow  into  the  sink,  basin,  or  bath,  to  a  depth  of  about  three 
inchec,  then  place  the  india-rubber  cup  over  the  vent,  and 
force  the  handle  up  and  down  several  times  witli  a  quick 
motion  ;  by  this  means  the  water  beneath  the  cup  is  forced  into 
the  discharge-pipe,  and  the  impulses  produced  by  the  manipula- 
tion of  the  handle  dislodges  the  obstruction,  and  forces  it 
through  the  pipe  to  the  disconnecting-gully. 

The  last  contrivance  which  I  need  mention  is  what  is 
called  a  service-cleanser,  and  is  very  eflfective  when  any 
stoppage  occurs  in  long  lengths  of  waste-pipes  and  water 
service-pipes,  which  have  been  necessarily  laid  underground. 
This  contrivance  is  shown  at  Fig.  2-51,  and  its  action  is  as 
under  :— The  plug  b  is  unscrewed,  and  about  a  gallon  of  water 
put  in,  whereupon  the  plug  is  replaced  in  the  tightest  manner;  the  vessel  A  is  then 
charged  with  air  with  successive  strokes  of  the  piston,  the  flexible  .tube  being 
attached  to  the  pipe  which  requires  cleaning  by  means  of  suitable  connections.  All 
that  is  then  required  is  to  turn  the  cock  c  full  on,  and  the  obstruction  will  be 
quickly  driven  out. 

If  the  above  general  instructions  are  carefully  attended  to,  the  residence  will 
be  rendered  healthy  in  every  respect,  as  far  as  regards  its  underground  drainage. 
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CHAPTER  LXIII. 

GULLIES  AND  OTHER  TRAPS. 

Area  and  Yard  Gullies  with  and  without  Side  Inlets-Importance  of  trapping  Waste-pipes  entwin- 
GuUies— Proper  Gratmg  Covers  for  GuUies-BeU-traps  condemned-Best  Traps  for  Floor-t.aps 
mside  the  House-Collecting  Outdoor  Gullies-GulUes  collecting  SoUds-Garden  and  Road 
GulUes— Grease-intercepting  Chambers  and  Traps— The  Occasional  Necessity  for  them  and 
Examples  of  the  Various  Kinds,  &c.  &c.  ' 

In  regard  to  the  drainage  of  houses  and  tlieir  private  surroundings,  a  gully  may  be 
taken  as  representing  a  syphon  trap,  where  the  space  below  the  dip  or  trapping-piece 
is  much  deepened,  in  order  to  intercept  anything  which  may  be  undesirable  from 
entering  the  dram.  There  are  many  patterns  of  these  gullies,  as  every  pottery  cata- 
logue will  show,  and  some  care  should  be  exercised  in  the  choice  of  a  right  one  for 
the  purposes  required.  For  instance,  it  would  be  most  undesirable,  in  a  front  or  back 
area  of  a  house,  to  allow  the  gully  to  contain  such  an  iumiense  quantity  of  water 
and  silt  as  is  always  provided  for  in  a  street,  because  there  is  no  necessity  for  pro- 
viding against  street  and  storm  washings ;  and  the  only  object  is  to  provide  the  trap 
with  an  hydraulic  seal,  with  some  little  added  allowance  of  depth  for  the  collection 
of  sand  and  the  solid  wastes  which  may  come  from  the  sinks. 

AREA  AND  YARD  GULLIES. 

For  ordinary  area  and  yard  purposes,  the  simple  syphon  form  of  gully,  slightly 
deepened,  is  the  best :  for  instance,  such  a  gully  as  is  shown  in  section  in  Fig. 
252,  which  may  be  said  to  be  perfect  for  general  purposes,  the  amount  of 
trapping-water,  A,  and  the  silt-accommodation,  b,  being  quite  sufficient.  When  the 
silt-accommodation,  b,  is  too  deep,  foul  emanations  are  given  off,  bubbling  up 
through  the  water.  A,  and  pervading  the  atmosphere  around  the  house.  This  kind 
of  syphon  is  made  with  its  outlet  terminating  at  c,  so  as  to  join  a  drain  raking  up 
towards  it ;  or  the  outlet  can  be  made  with  a  perpendicular  fall,  as  sliown  by  the 
thin  line  D,  which  line  can  be  elongated  by  uprightly-set  socketed  draJji-pipes, 
leading  to  a  main  drain  below. 

Until  lately,  yard-gullies  were  made  without  any  side  opeaiings  over  the  trappriig- 
water  and  under  the  ventilated  gratings,  so  that  it  was  rendered  difficult  to  lead 
anything  into  the  gully,  except  what  fell  perpendicularly  through  the  grating ;  but 
gullies  are  now  constructed  with  flanged  side  entries,  shown  at  Fig.  252  by  the  dotted 
lines  E  and  p.  Of  com-se,  the  diameter  of  all  the  outlets  can  be  varied  to  suit  every 
contingency.  Before  side  inlets  were  provided  into  yard-gullies,  and  when  it  be- 
came necessary  to  lead  over  the  trapping-water  the  wastes  of  sinks,  baths,  etc., 
either  a  hole  had  to  be  chiselled  in  the  stoneware,  at  the  risk  of  breaking  about  ten 
per  cent,  of  the  gullies,  or  the  waste-pipes  had  to  be  led  over  the  edge  of  the  gully, 
and  between  the  edge  of  the  gully  and  the  cover  to  the  gully,  which  is  always 
separate,  and  which  is  shown  at  g — the  space  between  beuig  filled  up  with  brickwork 
and  cement.    I  only  mention  this  lest,  from  want  of  stock  at  the  manufacturer's, 
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fxomwant  of  time  to  wait  for  a  special  pattern,  or  from  remoteness  from  places 
where  they  are  sold,  gullies  with  side  inlets  cannot  be  obtained. 

In  purchasing  y  xrd-guUies,  side  inlets  should  always  be  chosen-and  there  are 
.anyparrrbydkren^  niakers-because  they  are  useful  for  disconnecting  _  the 
many  pat^e       y  ^^^^^^     ^.^^^^^     lavatories,  or  rain-water  pipes, 

which  would  be  made  to  enter  the  side  inlets  E 
and  F.  As  for  sinks,  baths,  lavatories,  &g., 
wliich  are  fixtures  inside  the  house,  enough  has 
been  said  under  the  head  of  "  Architecture  "  to 
guide  any  one,  but  it  is  my  duty  to  point  out 
here  that  there  are  several  necessary  matters 
appertaining  to  the  entrance  of  these  wastes  into 
a  gully  which  it  is  well  to  know.  For  instance. 
Fig.  252.  it  is  not  sufficient  to  say  that  the  waste  of  any 

sink  is  properly  disconnected  simply  because  the  waste-pipe  has  been  led  to  deliver 
over  the  gully  trapping-water;  for  if  a  trap  be  not  fixed  under  the  sink— preferably  one 
giving  nreans  of  access— the  cold  air  will  rush  up  the  sink-pipe  into  the  warm  room, 
and  also  any  effluvium  caused  by  the  decomposition  of  the  water  and  sediment  in  the 
trap,  which  will  be  especially  felt  during  the  summer,  when  the  sun's  rays  are  beating 
upon  the  surface  of  the  trap.  I  have  known  almost  the  whole  of  the  drainage  of  ^  a 
house  condemned  for  the  simple  want  of  a  trap  under  the  butler's,  still-room  maid's, 
and  housekeeper's  sinks  in  a  basement ;  the  builder  was  sent  for,  and  he  considered 
the  sinks  properly  disconnected,  while  at  the  same  time  they  were  not  so,  owing  to 
the  want  of  an  access-trap.  There  is  another  precaution  to  be  taken,  and  that  is  in 
some  cases,  even  when  the  waste-pipe  enters  a  gully  over  the  hydraulic  seal  of  the 
gully,  to  have  the  waste-pipe  open  both  at  the  top  and  at  the  bottom.  For  example: 
if  there  be  a  lavatory  on  the  ground  or  first  floor,  and  the  lavatory  be  simply  trapped 
at  the  head  of  the  waste-pipe,  and  with  no  ventilating  continuation  to  it,  there  will  be, 
sooner  or  later,  a  foul  smell  given  off  at  the  basin,  due  to  the  accumulation  of  the 
decomposing  fats  of  the  soap,  which  is  apt  to  become  fixed  as  a  slime  in  the  interior 
of  the  waste-pipe.  This  can  only  be  cured  by  ventilating  the  waste-pipe  above  the 
entry  from  the  lavatory  basin.  And  this  precaution  is  very  necessary  in  the  case  of  a 
bath-waste  delivery. 

There  is  a  matter  of  smg.ller  moment,  certainly,  but  one  which,  if  not  provided  for, 
causes  a  serious  discomfort  afterwards  :  I  allude  to  the  kinds  of  gratings  with  whicli 
these  yard  and  area  gullies  are  covered.  I  consider  the  stoneware  square 
or  round  cover,  pierced  with  small  holes,  to  be  the  very  worst  kind  of  gully-cover  ; 
and  it  is  a  matter  of  wonder  to  me  why  they  are  ever  made,  as  nothing  could 
be  palfcrier  in  appearance  and  more  certain  to  fracture.  Next  to  these,  I  would 
condemn  the  small,  thin,  cast-iron  grating,  which  fits,  whether  loosely  or  tightly,  at 
the  top  of  the  shallow  socket  of  the  gully  ;  for  this  kind  of  grating  is  just  as  liable 
to  break  as  the  other,  being  level,  or  almost  so,  with  the  paving  of  the  yard.  The 
coirect  description  of  gully-cover  is  shown  at  G  in  the  woodcut,  Fig.  252,  which  consists 
of  a  Doulton's  dished  stoneware,  ample-margined,  with  correspondingly  thick  cover- 
ing, and  with  an  easily-movable  iron  grating  just  over  the  gully-water.  The  edges 
of  such  a  trapped  cover  form  an  excellent  surface  for  the  pavement  material  to  finish 
against,  and  they  also  give  a  cleanly  appearance  to  the  yards  in  which  they  are  placed. 
44 
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bometimes  yard  and  area  gullies  need  no  side  entrances,  being  merely  fixed  to 
remove  the  surface-water,  which  falls  upon  the  pavement  towards  them  In  such  a 
case,  use  a  small-sized  gully  of  the  same  pattern  as  Fig.  252,  unprovided  with  side 
inlets ;  using,  however,  the  dished  cover. 

A  most  reprehensible  pattern  of  yard-trap  for  the  removal  of  surface-water  is 
that  known  as  the  bell-trap,  shown  in  section  at  Fig.  2.53.     Wherever  this  trap  is 

used,  it  sooner  or  later  becomes  the  curse  of  the  household. 
Very  little  water  can  pass  through  it;  there  is  an  insufficiency 
of  trapping-^'ater,  the  movable  cup-bottomed  grating  not  dii> 
ping  sufficiently  deep.  The  upright  pipe  also  retards  the  flow 
of  water,  the  annular  space  a  becomes  filled  ^\'ith  sand  and 
sooty  washings,  the  trapping-water  gradually  disappears,  and 
finally,  no  trapping-water  is  left  at  all.  The  cover  b  also 
breaks  across,  and  the  cup  fixed  below  it  breaks  off,  leaving  no  guard  whatsoever 
against  the  foul  gases,  and  hence  the  air  in  the  neighbourhood  of  the  trap  is  loaded 
with  them. 

These  bell-traps  are  most  dangerous  when  fixed  inside  a  house,  where  they  are 
frequently  placed  in  the  floors  :  such  as,  for  instance,  in  the  laundry,  in  the 
meat-larder,  and  in  the  dairy,  in  order  to  provide  for  a  delivery 
on  to  the  drain  of  the  water  used  in  scrubbing  out  and  swilling 
the  floors.  Traps  at  these  places  are,  however,  most  necessary, 
especially  in  large  e.stablish ments ;  but  the  trap  should  take  the 
form  of  one  wliich  cannot  be  untrapped  by  the  lifting  out  of  the 
cover.  There  are  many  traps  very  suitable  for  this  pur-pose,  and 
almost  any  lip-trap  would  answer.  What  is  known  as  an  Antill's 
trap  (see  Fig.  254,  where  a  section  is  given)  can  be  advantageously 
used  when  it  is  sufficiently  large  for  its  purpose,  and  when  the 
hand  can  be  got  up  behind  the  dipping  flange,  c,  in  order  to  keep  the  trapping 
edges  clean.  Even  if  the  cover,  b,  of  this  trap  were  lifted,  the  flange,  c,  does  not  rise 

with  it ;  hence  the  trapping-water.  A,  remains. 
This  trap,  however,  would  be  objectionable, 
despite  its  certain  advantages,  if  it  were  used 
in  outdoor  areas  ;  but  for  indoor  use,  in  floors 
of  dairies  and  the  like  places,  which  floors  are 
washed  out  by  buckets  of  water  being  thrown 
over  them,  it  will  do  admirable  service.  One 
thing,  however,  must  be  most  carefully  attended 
to,  and  that  is,  to  see  that  the  drain  from  these 
house  interior  traps,  or  small  gullies,  deliver 
in  disconnected  fashion  over  the  trapping- water 
of  a  gully  outside  the  house,  such  as  that  shown 
at  Fig.  252.  When  this  has  been  done,  and 
not  otherwise,  should  a  trap  be  placed  in  the 
floor — in    other  words,  the  indoor  floor-trap 


Pig.  2.W. 


.  Fig.  255. 

...WW.-  —   J    -        .  _  , 

should  be  disconnected  to  an  outdoor  ventilated  trap  befoi-e  it  enters  the  main  drain. 

Sometimes  a  stoneware  trap  for  yards  and  areas— and  outdoor  traps  should 
always  be  of  stoneware,  because  tliey  never  rust,  and  the  glaze  inside  renders  them 
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oleanly-is  required  of  a  more  compact  order  than  the  S^^^^ /^^.T  ^'J^^^^^ 
accommodate  more  sink  deliveries,  for  instance,  and  also  to  take  withm  itseit 
the  rain-water  descending  a  rain-water  pipe  from  the  roof  or  flats,  as  also  the  surface- 
water  from  the  yard  or  area.  A  compact  trap  of  this  description  is  given  partly  in 
section  at  Fig.  255,  and  is  known  as  Bellman's  Gully,  made  in  London.  The  body  of 
this  trap  is  shown  at  a,  sink  entrances  into  it  as  at  D  and  e,  ram-water  pipo 
entrances  as  at  B,  and  surface-water  drainage  from  the  pavement  C,  C ;  all  these 
deliveries  passing  through  iron  gratings  into  a  syphon  trap  below,  marked  F.  ilus 
trap  is  largely  used  in  London.  _ 

There  are  numberless  traps  used  for  the  above  purposes  which  it  would  be 
needless  to  describe,  and  therefore  I  only  give  descriptions  of  the  more  specific  kinds. 
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Traps  are  sometimes  required  in  yards  which  possess  a  facility  for  lifting  out 
anv  silt  or  sand  which  has  been  used  for  scouring  purposes  and  the  like.    In  order 

to  effect  this,  a  silt-box  is  provided,  which  can  be 
lifted  out  and  emptied,  without  making  use  of  the 
hand  or  of  any  utensil  for  scooping  out  the  bottom 
of  the  gully.  A  trap  of  this  kind  (Dean's)  is 
drawn  at  Fig.  256  in  section.  The  gully  portion  is 
much  the  same  as  any  other  gully,  save  that  the 
lower  portion  is  somewhat  contracted^  in  order  to 
enable  the  silt-box  a  to  be  lifted  by  means  of  the 
handle  B,  when  the  iron  cover  or  grating  has  been 
removed.  These  traps  are  very  useful,  when  fixed 
for  cottage  uses,  with  the  scullery  sink  from  the 
cottage  or  medium-sized  house  delivering  over  them 
in  the  outer  air ;  and  they  are  also  valuable  for 
the  reception  and  disconnection  of  laundry  wastes,  it  being  impossible  for  any  soap 
to  enter  the  drain  without  being  intercepted. 

The  yard  and  area  gullies  hitherto  described,  the  traps  of  which,  like  those 
at  Fig.  256,  have  deepened  bottoms,  are  provided  with  these  deepened 
portions  simply  to  catch  any  sediment  deposited  from  the  waste  water  of  the 
sinks,  and  for  surface-water  washings.  But  Avhere  there  is  no  objection  to  such 
treatment,  wire-made  boxes  are  sometimes  suspended  over  the  waste  from  the 
sink,  which  is  made  to  project  through  the  wall  over  the  gully-grating,  and  iu 
these  open  wire  gratings,  tea-leaves,  fish-bones,  fruit-peelings,  and  the  other  many 
things  which  pass  down  a  sink  are  intercepted — the  basket  being  removed  daily, 
and  the  contents  thrown  away  in  some  proper  place  provided.  There  would  be  great 
use  for  a  solid  interceptor  of  this  kind  outside  a  very  large  establishment  with  many 
servants  and  a  great  quantity  of  viands  to  cook  daily ;  but  I  see  no  necessity  for 
such  a  complication  in  case  of  an  ordinary  villa. 
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Whilst  treating  upon  the  subject  of  gullies  outside  a  house,  and  in  conjunction 
with  house-dramage,  I  must  not  neglect  to  describe  a  gully-trap  suTtable  fort 

buxlt  up  of  brickwork  in  cement,  and  fitted  either  with  dip-stones,  the  gi-atin.  bein^ 
over  the  mlet  portion  of  the  trap ;  or,  the  trapping  is  formed  by  cast-Ln  dinp  n^ 
pieces,  which  is  attached  by  a  screw  to  the  iron  frame,  upon  which  is  Wed  The 
inlet  and  ventilated  grating.  -uui^ea  tne 

I  have  shown  the  latter  form  of  trap  in  section  at  Fig.  257,  as  being  the  most 

with  a  good  declivity.  It  will  be  seen  that 
there  is  a  good  collection-chamber  for  road  detri- 
tus allowed  for  at  the  bottom  of  the  trap  at  a, 
and  that  the  trai)ping-chamber,  which  may  be 
of  any  size  to  suit  the  exigences  of  each  case,  and 
the  distances  between  the  traps,  is  made  easily 
accessible  by  means  of  the  hinged  grating  cover  b. 
Whether  the  outgo  from  these  garden  and  private 
road  gullies  be  into  the  house-drain  on  its  way 
to  the  outfall,  into  a  separate  outfall,  or  into  a 
pond  or  river,  this  species  of  trap  is  incontestably 
useful  on  account  of  its  accommodating  so  much 
gravel  and  sand,  which  would  otherwise  enter 
the  drain  and  clog  it.  It  need  not  be  feared  that 
the  sun  would  ever  evaporate,  in  our  climate,  the 
depth  of  water  between  the  bottom  of  the  dipping- 
flange  c,  and  the  surface  of  the  water  at  d.  And  speaking  generally  of  all  these 
gully-traps,  it  need  not  be  feared  that  the  trappiug-water  would  freeze,  this  being 
rendered  impossible  owing  to  the  difference  of  temperature  between  an  under- 
ground drain  and  the  open  air. 


Fig.  257. 


GREASE-COLLECTING  CHAMBERS. 

There  is  another  kind  of  intercepting-trap,  which  I  have  found  in  my  ex. 
perience  to  be  very  desirable  to  provide  in  connection  with  the  house-drain  of 
any  dwelling  which  can  be  classed  above  a  large  cottage,  and  is  certainly  indis- 
pensable in  conjunction  with  a  larger  residence  or  mansion — I  mean,  an  inter- 
cepting grease-chamber,  especially  prepared  to  receive  the  wastes  of  the  scullery 
sink. 

Many  architects  and  engineers  do  not  see  any  necessity  for  the  collection  of 
the  grease  which  is  delivered  from  large  scullery  sinks.  Often,  however,  the 
absence  of  grease-chambers  has  proved  a  nuisance,  necessitating  even  the  taking-up 
a  portion  of  the  drains,  especially  in  the  immediate  neighbourhood  of  the  scullery 
sink. 

It  is  certain  that  grease,  when  held  in  solution  by  hot  water,  ■will,  after  flowing 
through  the  trap  dividing  the  sink  from  the  drain,  congeal  the  more  and  more  as 
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it  leaves  the  sink,  and  in  due  time  fill  up  the  drain,  and  necessitate  the  tearing-up 
of  the  flags,  the  making  of  openings  into  the  dram,  and  the  use  of  rods  such  as 
I  have  drawn  at  Fig.  249,  and  the  like  contrivances,  to  remove  the  encrusted 
fatty  matter  inside  the  drain.  This  evU  state  of  things  especially  manifests  itself 
when  the  scullery  is  situated  at  the  far  end  of  the  drain,  that  is  to  say,  at  the  point 
.of  the  drain  most  remote  from  the  outfall  into  the  sewer,  and  also,  when  ther- 
is  very  little  fall  in  the  drain.  It  is  not  to  be  supposed  that  scuUery-maids  will 
carefully  scrape  the  grease  out  of  the  pans  and  from  off  the  dishes— on  the  contrary, 
they  usually  take  a  dish  loaded  with  fat  on  its  surface  or  in  its  gravy  well-hole, 
place  it  under  the  hot  water  draw-off  tap,  and  scour  the  whole  of  it  down  into  the 
drain.  On  one  occasion  I  noticed  a  cook  skim  the  fat  from  the  top  of  the  stock- 
pot,  and  empty  the  fat  directly  down  the  scullery  sink.  No  drain  could  be  expected 
to  work  properly  with  such  maltreatment  as  this. 

Another  reason  for  placing  a  chamber  of  interception  in  conjunction  with  the 
scullery  sink  is  the  necessity  of  catching  and  depositing  the  sand  used  for  the 
scouring  of  pots  and  pans,  and  so  preventing  the  sand  from  reaching  the  drain. 
Without  a  grease-chamber,  the  fat  will  clog  the  sides  and  any  rough  joint  of  the 
drain,  the  sand  will  become  incorporated  with  the  grease,  and  the  whole  will 
result  in  a  mess.  It  is  almost  inconceivable  what  a  quantity  of  combined  material 
of  this  kind  enters  the  house-drain  from  the  scullery  sink,  in  a  large  mansion. 
The  difficulty  is  not  removed  by  enhancing  the  sectional  area  of  the  drain,  be- 
cause this  only  produces  more  surface  for  the  grease  to  fasten  upon.  When 
once  the  grease  has  lodged  in  the  drain,  no  chemicals  or  any  amount  of  hot 
water  will  solve  it  and  pass  it  on  to  the  sewer;  and  not  the  worst  feature  of 
grease-lodgment  is  due  to  the  fact,  that  it  offers  an  everlasting  enticement  to 
rats,  those  ceaseless  pests  of  unclean  and  faulty  drainage. 

If  the  scullery  sink  were  situated  near  to  the  outfall  into  the  sewer,  or  discon- 
necting-chamber,  the  drain  might  be  trusted,  perhaps,  to  enter  the  latter  without 
any  interposed  grease-intercepting  chamber,  especially  if  the  waste-pipe  were  of 
an  adequate  size,  and  its  fall  into  the  disconnection-chamber  a  rapid  one.  But 
if  the  fall  was  insufficient,  the  result  would  be  the  same  as  far  as  the  clogging 
•of  the  drain  goes,  and  would  even  be  worse,  because  the  grease  and  sand  would 
fill  up  the  syphon  of  the  disconnection-chamber,  with  the  resultant  of  a  com- 
pletely-stopped-up  drain,  with  backed-up  sewage. 

According  to  careful  experiments  made  by  Dr.  Russell,  of  Edinburgh,  upon  this 
subject,  he  found  that  without  a  grease-intercepting  chamber  of  a  suitable  kind, 
and  with  a  sluggish  fall,  as  it  is  called,  of  the  house-drain,  the  grease  will  deposit 
itself  about  three  feet  or  a  little  more  from  the  base  of  the  scullery  waste-pipe ;  with 
a  somewhat  better,  but  still  insufficient  fall,  at  a  distance  of  about  six  feet  from  the 
waste-pipe ;  and  that  when  there  is  a  rapid  inclination  to  the  sewer,  then  at  a 
distance  not  exceeding  ten  feet  from  the  scullery  sink. 

In  a  long  discussion  which  followed  the  reading  of  a  paper  by  me  at  Newcastle- 
upon-Tyne,  the  majority  of  those  present  who  spoke  upon  the  question,  and  who 
were  men  eminent  in  their  various  professions,  were  of  opinion  that  grease-collect- 
ing chambers  became  a  necessity  in  some  cases.  It  may  appear  at  first  sight  that 
the  provision  of  such  chambers  is  a  return  to  the  old  system  of  objectionable 
cesspools  in  connection  with  houses,  but  this  is  not  so,  for  nothing  should  be 
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allowed  to  enter  these  receptacles  but  the  scullery-smk  grease  and  sand  wastes  It 
IS  not  ^vxse  even  to  allow  rain-water  from  the  roofs  or  yards  to  enter  them,  because 
such  water  does  not  readily  pass  through  the  layers  of  fat  which  floa    on  tl 
surface  inside  the  gi-ease-cliamber. 

It  is  of  iniportance  that  I  should  describe  several  of  these  gi-ease-interceptin. 
chambers  and  I  wi  now  proceed  to  do  so.  For  a  small  house,  where  a  hous  hold 
of  ten  or  twelve,  with  two  or  three  servants  are  accommodated,  I  would  recommeli 

the  Doulton  stoneware  grease-collecting 
tank,  which  is  given  at  Fig.  2-58,  partly 
in  section  and  partly  in  elevation.  This 
grease-interceptor  is  made  in  two  sizes, 
to  contain  about  twenty-two  and  twelve 
gallons  respectively.     The  inlet  fi-om 
the  scullery  sink  is  at  A,  where  the  end 
of  the  two  or  three  inch  waste-pipe 
rests,  aud  for  reasons  aforesaid,  the 
sink-waste   should   be    trapped  just 
underneath   the   sink.      The  greasy 
water  delivered   from    the  smk-trap 
enters  at  A,  and  in  its  passage  down  to  the  outlet  of  the  chamber  b,  much  of  the 
fatty  particles  congeal  and  rise  to  the  top  of  the  trapping-water.    The  outlet  into 
the  drain  is  at  c.    No  cover  is  provided  with  this  pattern  of  chamber,  but  it 
nevertheless  requires  one,  which  can  easily  be  made  by  any  proper  artisan,  and 
hinged  in  the  centre  so  that  it  can  easily  be  lifted  up  for  cleaning  it  out.    It  should 
be  understood,  however,  that  nothing  should  be  thrown  into  the  grease-chamber 
except  the  usual  scullery-sink  wastes.    Provision  should  also  be  made  for  ventilat- 
ing tho  chamber  to  a  sufficient  height  in  order  to  remove  the  steam,  and  to  prevent 
its  being  given  off  into  the  scullery  atmosphere. 

A  larger-sized  grease-intercepting  tank,  also  of  stoneware,  known  as  Dent  and 
Hellyer's  pattern,  suitable  for  larger  houses,  is  shown  in  perspective  at  Fig.  259, 
Here  the  waste  discharged  into  the  tank 
rises  from  N  to  the  surface,  and  the  greasy 
matter  rises  up  to  the  surface  of  the 
trapping-water,  and  is  held  there.  The 
mouth  of  the  outgo  from  the  tank  is  at 
c.  In  order  to  clean  the  waste-pipe 
from  the  sink  an  access  is  made  into 
it  at  D,  and  on  the  outgo  of  the  trap  a 
hand-hole  is  provided  at  e,  in  front  of  the 
mouth  of  the  drain,  for  inspection  or 
cleansing,  and  keeping  the  edges  free 
from  fatty  conglomeration.  A  counter- 
sunk hole  for  ventilating  the  drain  is 

made  at  F,  and  when  not  wanted,  it  is    _ .  -   

A  ventilating  arrangement  for  the  traj?.  itself  (inlet)  is  also  provided  at  g.     .  - 
the  drain  has  been  cleaned  out,  and  the  layers  of  fat  at  the  top  removed,  a  brass 
plug  and  washer  is  sometimes  provided  as  at  K,  and  .the  use  of  this  is  that  when 


Fig.  259. 


sealed  over  by  a  bedding-down 


cover. 
When 
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tKe  plug  is  dra.vn  up  out  of  the  dotted  pipe  u,  f^'^i:;^^tX^^o 
empties  itself  rushingly  into  the  dram  and  flushes  it  out     This  arran 
provides  for  cleansing  out  the  drain,  ^hich  is  done  by  filling  the  ^a^k  ^  ^^^^ 
^th  hot  water  delivered  from  the  scullery  sink.    The  cover  xs  of  ^^f  ^^^^^^ 
into  a  groove  containing  india-rubber  packing.    This  cover  is  shown  '.tj. ^ 
much,  Iho,  as  outlet  ventilation  is  required  from  the  grease- chamber  ^i  order  to 
remove  the  steam  and  decomposed  gases,  two  outlets  are  provided  from  the  tank 
at  H  H,  and  the  outlet  which  is  not  the  most  convenient  one  to  make  use  ot  can 
be  closed  up  by  a  stopper  provided  for  that  purpose,    It  must  be  understood  that 
the  flushing-plug  at  K  is  not  ahvays  available,  because  the  drain  may  be  too  shallow 
to  admit  of  a  proper  connection  with  the  flushing  outlet  pipe  at  M,  with  its  own 
syphon  trap  close  behind  it,  and  in  such  cases,  that  orifice  can  also  be  stopped  up. 

Preferably  these  earthenware  grease-chambers  are  bedded  under-ground,  as  tar 
as  the  sides  are  concerned,  and  if  properly  used,  and  the  cleansing  of  them  under- 
stood they  prove  cleanly  to  a  degree.  There  are  several  other  earthenware 
contrh-aaces  of  this  description,  notably  the  Weatherly  pattern,  made  by  Messrs. 
Stiff;  but  I  need  not  figure  these.  I  have  not  chosen  invidiously  those  drawn  at 
Fics.  258  and  259,  but  have  selected  them  as  characteristic  ones. 

"in  very  large  mansions,  and  in  large  establishments,  such  as  clubs,  &c.,  where 


Fig.  2G0, 


an  excessive  quantity  of  grease  and  sand  passes  through  the  waste  of  the  scullery 
sink,  these  comparatively  small  grease-intercepting  tanks  are  not  advisable 
perhaps,  and  in  such  cases  recourse  is  had  to  a  grease-chamber  formed  of  brick  in 
cement,  covered  with  a  stone  and  ring,  or  an  iron  manhole-cover  ;  the  chamber 
being,  of  course,  ventilated  by  a  pipe.  These  ventilating-pipes  should  in  all  cases 
be  led  up  to  a  sufficient  height,  so  as  not  to  ventilate  the  chamber  at  a  le\  el 
with  any  windows,  &c. 

The  worst  kind  of  this  larger  trap  is  that  known  as  a  Mason's  or  dip  trap,  where 
a  dip  stone  divides  the  grease-chamber  into  two  halves,  and  where  the  waste-pipe  of  the 
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Bcul  ery  Sink  is  trapped  by  dipping  its  end  some  few  inches  into  tlie  trappinc,-water 
cn  the  house  side  of  the  trap.  Such  a  kind  of  grease-chamber  is  not  a  cleanly  one 
And  a  far  better  pattern  for  large  establishments  is  shown  in  section  at  Fi-  26o' 
O^ie  scullery  sink  is  shown  with  its  access-trap,  and  with  its  delivery  into  the 
chamber.  A  ventilatmg-pipe  provision  is  also  sho^vn,  and  an  access  manliole-cover 
aii  G.  In  most  cases,  it  is  sufficient  to  lead  the  waste  from  the  trap  under  the  sink  to 
its  outlet  without  interposing  a  gully,  such  as  is  shown.  But  where  such  a  -ally 
can  be  fixed  close  to  the  sink  it  is  better,  because  the  hot  water  containing  the 
grease  will  pass  into  the  grease-chamber  before  congealing,  and  there  mil  thus"  be  a 
good  open-air  disconnection  between  the  sink  and  the  grease-chamber.  It  is  always 
preferable  to  provide  proper  air-tight-fitting  iron  manholes  to  these  chambers 
instead  of  stones,  with  counter-sunk  rings,  on  their  upper  surface.  There  are 
several  very  good  patterns  of  these  air-tight  flaps  in  the  market,  and  preference 
should  be  given  to  those  that  lock,  and  are  hinged.  The  worst  feature  of  these 
larger  brick-built  grease-collecting  chambers  is  that,  unlike  the  earthenware  ones 
shown  at  Figs.  258  and  259,  they  cannot  be  removed  as  a  tenant's  fixture  and  taken 
to  another  dwelling.  I  should  here  add,  that  the  pipes  connecting  the  sink  with  the 
grease-chamber  should  be  of  lead,  not  less  than  three  inches  in  diameter,  as  a  rule ; 
and  this  lead  pipe  should  be  carefully  protected  from  rats,  as  I  have  frequently 
taken  up  lead  pipes,  laid  underground,  into  which  holes  have  been  gnawed  large 
enough  to  pass  their  bodies  through.  The  best  plan  is  to  lay  these  underground  lead 
pipes  inside  drain-pipes  of  the  next  nearest  size,  and  fill  the  space  in  between  with 
some  material  which  will  not  act  upon  the  lead. 

These  grease-intercepting  chambers,  where  they  have  become  an  absolute 
necessity,  should  always  be  placed  outside  of  the  house  walls  proper ;  still,  cases  do 
occur,  especially  in  town  houses,  where  every  available  piece  of  open  area  ground 
has  been  appropriated,  and  there  are  no  yards,  and  they  must  perforce  be  placed 
inside  the  house.  In  such  cases  every  extra  precaution  should  be  exercised,  and  the 
chamber  specinlly  well  ventilated.  It  is  sometimes  also  very  desirable  to  ventilate 
the  sink  side  of  the  trap,  underneath  the  sink,  as  well. 

Whenever  these  grease-intercepting  chambers  have  been  deemed  a  necessity,  and 
cannot  be  dispensed  with  upon  any  reasonable  ground,  the  periodical  cleansing 
of  them  becomes  a  matter  of  the  utmost  necessity ;  for  if  not  regularly  cleaned  out, 
the  edges  of  the  outgo  pipe  get  surrounded  with  grease,  the  grease — the  objec- 
tionable matter  in  the  traj) — gets  into  the  drain,  and  the  whole  business  becomes  a 
fiasco.  The  proper  way  is  for  the  householder,  or  his  representative  in  the  house, 
to  contract  with  a  builder  in  the  near  neighbourhood,  and  engage  that  he  shall 
clean  out  the  chamber  every  one,  two,  or  three  months,  according  to  the  capacity  of 
the  intercej) ting-tank.    Where  this  precaution  has  been  taken,  no  mischief  can  accrue. 

It  is  true  that  the  floating  and  deposited  wastes  inside  a  grease-intercepting 
tank  generate,  during  decomposition,  very  disagreeable  smells ;  but,  provided  that 
the  chamber  has  been  ventilated  whenever  possible,  such  smells  cannot  enter  the 
interior  of  the  house.  Of  course  when  the  chamber  cover  is  lifted  uj),  and  the 
process  of  cleansing  is  going  on,  a  very  disagreeable  odour  is  given  out.  But  no  one 
would  attempt  to  clean  out  a  grease-trap  unless  he  had  plenty  of  ground-lime, 
or  some  other  suitable  material,  wherewith  to  neutralise  the  effluvia  during  the  very 
bhoit  time  which  a  clever  labourer  would  occupy  in  performing  the  whole  business. 
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CHAPTER  LXIV. 

SOIL-PIPES,  OUTDOOR  WATER-CLOSETS,  ETC. 
.  ^   .1  Of  7\nc—0i  Wroueht-u-on— Of  Cast-iron— Iron  Soil-pipes  in 

-t:r^^ 

Ik  the  ordinary  sequence  of  things,  we  now  approach  the  subject  of  soil-pipes,  which 
rter  "1^^  important  of  the  whole  sanitary  equipments  xn  a  d.ve  hng. 
In  order  to  do  justice  to.  the  subject,  it  will  be  necessaxy  to  be  ---^^^  P-^-' 
Wuse  the  material  of  which  a  soil-pipe  is  made,  its  positron,  its  method  of  fixing, 
and  its  ventilation,  have  all  to  be  separately  dealt  with. 

As  a  matter  of  course,  soil-pipes,  or  what  ac.ed  as  such,  came  into  use  at 
the  tme  time  as  the  water-closet ;  and  it  is  not  within  the  province  of  this  secU  n 
to  enter  into  the  more  primary  methods  of  withdrawing  soil  rom  Wi^J^^ 
when  the  ancient  dry  methods  of  withdrawal  were  practised.  This  would  lead  into 
various  antiquarian  dissertations  not  germane  to  our  subject.  I  wi  1  simply  deal 
with  soil-pipes  as  an  appendage  to  the  water-closets  of  the  present  day,  feehng 
certain  that  they  and  water-carried  sewage  will  prove  the  ultimatum  of  sanitation 
in  this  respect  wherever  any  large  community,  or  even  any  large  establishment, 
is  in  existence.  And  this  will  be  more  and  more  recognised  as  closets  improve 
in  design  and  manufacture,  as  soil-pipe  treatment  is  better  observed,  and  as 
disconnection  and  ventilation  of  both  are  more  recognised  and  practised.  With 
regard  to  earth-closets  and  ash-closets,  these  do  not  come  within  the  range  of  this 

subject.  . 

I  think  there  can  be  no  doubt  that  the  first  soil-pipes,  after  the  short  reign  of 
wooden  shoots,  were  constructed  of  simply  butt-jointed  earthenware  pipes,  unglazed 
either  inside  or  outside,  and,  in  fact,  little  better  than  ordinary  agricultural  pipes  of 
the  present  day.    And  while  remarking  upon  earthenware  pipes,  I  beg  to  say  that 
soil-pipes  made  of  such  material  are  far  from  uncommon  at  the  present  day,  only 
that  they  take  the  character  of  dirty  glass,  or  salt-glazed,  socketed  earthenware 
conduits.    In  my  opinion,  such  pipes  are  quite  unfitted  for  such  work,  inasmuch  as 
the  commoner  kinds  of  joints— which  are  mostly  used— are  liable  to  fracture  at  the 
biting,  and  even  the  pipes  themselves  to  crack  at  the  collars,  or  fracture  perpen- 
dicularly, owing  to  any  subsidence  in  the  foundation  or  extra  weight  from  above. 
Nor  do  the  patent  jointed  earthenware  or  stoneware  pipes  fare  any  better.    I  had 
occasion  to  remove  the  whole  stack  of  a  soil-pipe  from  three  closets  in  a  costly  house 
in  the  west  of  London,  which  had  been  placed  in  a  chase  in  an  inner  quoin  of  the 
building  with  the  very  best  motive,  and  found,  after  charging  it  with  water,  that  it 
leaked  at  half-a-dozen  joints,  and  that  it  had  been  crushed  apart  at  the  foot,  where  it 
joined  the  more  rigid  underground  drain.    Nor  was  this  a  solitary  instance  of  the 
evU  of  choosing  such  weak  material. 
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Another  drawback  to  the  adoption  of  an  eartlienware  pine'is  the  cer^^b^TTT 
the  interior  is  not  free  from  irregularities  and  ledges,  whi  h  would  il  w  ! 
poi.ions  of  the  soil,  and  cause  the  soil-pipe  to  be  bal,'  encru«h  foe!  ^^^^^^^ 
anc  to  sum  up  ni  a  very  short  way,  its  inappropriateness  as  a  soil-pipe.  its  di^b  tv 
as  an  exterior  soil-pipe,  with  all  its  rampant  ugliness  of  joint,  opL  t^  the  eye  ]  !s 
only  to  be  mentioned  in  order  to  ensure  its  utter  condemna  ion  in  that  Te  ^ 
however  small  the  diameter  may  have  been  arrancred  ^  ' 

Soil-pipes  composed  of  zinc  are  very  rare  in'  London  or  large  towns,  but  are 
more  common  m  country  places.    I  never  met  with  but  two  examples     s"lh  I 
matenal  IS  totally  unfitted  to  serve  the  purposes  of  a  closet  descent  pipe,  as  it  vil 
oTntf  ^r:o?tT^r^^^^  -^"^^  -  interior'andati;! 

rJnc  soil  ^ipel  "    ^^"'^"^  '''-'^        ^^-^^  adoption 

h..^^  .^^y  ^^'^^sio^s  in  town  and  in  country,  especially  where  such  pipes  have 
been  laid  in  the  immediate  neighbourhood  for  special  purposes,  the  unused  excess  of 
wrought-iron  pipes  have  been  adopted  in  buildings  with  a  mere  view  to  economy. 
But  It  need  hardly  be  said  that,  owing  to  the  exterior  perishing  and  interior  scalh'cv 
oi  this  metal,  its  suitability  to  act  as  a  soil-pipe  must  be  denied  beyond  all  question 

Cast-iron  is  a  material  very  much  chosen  for  soil-pipes  by  many  architects 
engineers,  and  builders,  and  it  will  be  worth  a  moment's  while  to  give  this  selection 
a  little  consideration.  There  can  be  no  doubt  that  its  very  general  use  as  a' rain- 
water-pipe led  to  its  adoption  as  a  soil-pipe,  seconded,  as  the  choice  was,  by  the  fact 
that  it  was  a  far  cheaper  material  than  lead.  The  misfortune,  however,  due  to 
making  choice  of  this  material  is  due  to  the  fact  that,  as  a  rule,  workmen  will  not 
make  a  satisfactory  joint.  The  vUest  attempts  at  making  a  joint  are  perpetrated. 
Looked  at,  therefore,  from  a  steadfast  sanitary  ])oint  of  view,  which  seeks  to  eliminate 
all  elements  of  a  doubtful  character,  one  cannot  hesitate  in  scouting  it  as  a  material 
for  soil-pipe  uses  inside  a  dwelling.  And  it  may  be  taken  as  a  safe  calculation 
that  if  a  common  rain-water-pipe  be  used  inside  a  house  as  a  soU-pipe,  an  escape  of 
sewer-air  or  drain-gases  into  that  house  is  simply  a  matter  of  time.  There  is, 
moreover,  a  certain  difficulty  of  jointing  a  closet-trap  to  this  material,  unless  the 
work  be  executed  by  skilled  workmen. 

Even  when  a  cast-iron  soil-pipe  is  placed  outside  of  the  house,  there  are  certain 
precautions  to  be  taken  regarding  it  which  will  bear  repetition.    For  instance,  the 
joint  must  not  be  of  cement,  or  common  red-lead  and  fibrous  packing,  but  it  should 
be  lead  caulked.    And  then,  there  are  other  precautions  to  take  in  regard  to  it. 
It  should  be  in  the  shade,  and  not  in  the  sun,  as  otherwise  a  fierce  sun  woidd  cake 
the  fluids  inside  as  they  dribbled  down,  and  form  the  nucleus  of  an  unwholesome 
obstruction.    Then,  again,  there  is  the  expansion  and  contraction,  due  to  heat  and 
cold,  and  a  possible  and  wide  alteration  of  the  ventilating  cun-ent.    Above  all,  a 
cast-iron  soil-pipe  is  liable  to  a  great  diminution  in  thickness  as  time  rolls  on,  and 
nothing  but  incessant  coats  of  paint  will  keep  the  outside  of  it  up  to  the  mark, 
even  if  the  interior  were  not  liable  to  corrosion  by  the  action  of  salts.    I  have  often 
had  occasion  to  visit  Paris,  to  inspect  the  cast-iron  soil-pipes  and  veutilating-pipes, 
which  are  almost  universal  there,  and  I  have  very  often  found  the  joints  unsafe, 
corroded,  and  giving  ofi"  a  foul  smell.    To  remedy  this,  I  have  of  late  galvanised 
the  pipes,  both  inside  and  outside ;  but  I  ha-\'e  lately  oome  to  the  conclusion  that  tLe 


'  635 

SOIL-PIPE  MATERIAL. 


B.rffinc  or  Bo^ver-Ba^ffing  process,  now  co.umou  for  the  preventio.j  of  rust,  should 
S  IppSed  to  the  interior"  and  exterior  of  aU  cast-iron  pipes  used  in  any  way  for 

"'iTZra,  iron  soH-pipes,  preferably  outside  the  house,  are  vexy  --^^j- 
and  the  regulations  adopted  by  Boards  of  Health  insist,  m  some  cases,  that  e.  eiy 
S-pipe  a^d  waste-pipe  should  be  of  iron,  free  from  holes,  and  o    a  uniform 
thickness,  of  not  less  than  one-eighth  of  an  inch  for  a  diameter  of  fo- 
inches,  or  5-32nds  of  an  inch  for  a  diameter  of  five  or  six  inches  ;  and  for  laigo, 
buildings,  the  use  of  extra  heavy  pipe  is  recommended,  the  fourWr  pipe  of  which 
scale  weighs  13  Ib.^and  the  six-inch  20  lb.  per  lineal  foot.    And  before  such  pipes, 
are  fixed,°they  must  be  thoroughly  coated  inside  and  outside  with  coal-tar  pitch 
applied  hot,  or  some  such  approved  substance.    Before,  also  they  are  connected 
with  any  fixtures,  all  openings  have  to  be  stopped,  and  filled  with  water  for  the 
space  of  twenty-four  hours,  in  order  to  ascertain  if  there  exists  any  leak  or  leaks 
As  for  the  joints  in  the  soil-pipes,  they  are  ordered  to  be  caulked  with  oakum  and 
lead,  or  with  cement  made  of  iron  filings  and  sal-ammoniac.    All  joints,  moreover, 
of  lead  with  iron  pipes  should  be  made  with  a  brass  ferrule,  caulked  in  with  lead, 
the  lead  pipe  being  attached  to  the  ferrule  by  a  wiped  joint. 

It  will  be  seen,  from  the  above,  that  in  America  very  strong  precautions  are 
taken  in  dealing  with  iron  pipes  as  soU-pipes,  and  that  the  joints  form  an  especial 
subject  of  care.  I  have  lately  seen  some  experiments  made  with  Spence's  metal 
in  jointing  cast-iron  pipes,  and  they  were  really,  in  my^  opinion,  very  successful, 
and  this  material  may  some  day  be  in  common  use  for  this  purpose. 

There  can  be  no  doubt  that  the  best  material  for  soil-pipes  is  lead.  I  would 
not,  however,  advocate  the  use  of  pipes  formed  of  sheet  lead,  with  a  vertical 
soldered  joint.  It  has  been  incontestably  proved  that  pipes  of  this  description 
are  more  liable  to  perish,  inasmuch  as  the  solder  is  of  a  softer  nature,  and  nearly 
all  the  cases  of  bad  soil-pipes  exhibited  in  former  days,  as  a  caution  to  those 
concerned,  were  soldered  pipes,  the  jointing  of  which  had  been  almost  completely 
destroyed.  And  unfortunately,  also,  the  plumbers  turned  the  smooth  surface  ta 
the  front,  and  the  soldered  portion  to  the  inside  of  the  chases  in  the  wall,  ren- 
dering it  a  very  difficult  thing  to  ascertain  whether  the  pipe  was  sound  or  not. 
Nowadays  plumbers  are  more  cautious,  and  those  of  them  who  deal  in  home- 
constructed  soil-pipes  turn  the  white  strip  to  the  eye. 

The  kind  of  soil-pipe  now  adopted  in  best  work  is  drawn  lead  soil-pipe,  ^vithout 
seam,  in  long  lengths  of  say  twelve  feet  or  more,  and  hydraulically  tested. 
Despite  this  testing,  I  once  came  across  a  piece  of  pipe,  new  from  the  maker's, 
upon  which  the  plumber  and  myself  observed  many  white  spots,  and  we  had  no- 
difficulty  in  thrusting  a  common  pin  through  the  substance  of  the  pipe  into  the 
interior  by  means  of  the  finger  and  thumb.  But  I  have  never  observed  such  a 
case  since,  and  it  was  probably  unique.  Certainly,  one  has  encountered  sections 
of  lead  soil-pipe  thin  at  one  place  and  thick  at  the  other,  but  now  that  improve- 
ments have  been  made  in  manufacture,  such  a  thing  is  seldom,  if  ever,  heard  of. 
The  ordinary  thickness,  or  rather  weight,  of  a  soil-pipe  is  7  lb.  weight  to  the 
foot  superficial,  but  this  can  be  enhanced.  As  a  rule,  with  the  ample  ventilation 
now  accorded  to  soil-pipes,  7-lb.  lead  is  sufficient  for  most  purposes. 

Lead  forms  the  best  known  material,  because  of  its  interior  smoothness,  its 
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nieta  he  compactness,  and  the  easiness  with  which  it  can  be  bent  by  the  aid  of 
plumbers  dummies  ;  for  at  the  present  day  the  ordinary  elbow  joint  is  scouted 
and  bent  joints  patronised  instead,  by  all  who  understand  good  work  Perhans 
the  most  interesting  exhibition  of  modern  days  was  the  plumbers'  competition  at 
the  International  Medical  and  Sanitary  Exhibition,  South  Kensington  in  1881  • 
and  those  who  witnessed  it  must  have  been  struck  at  the  great  trouble  which 
was  bound  to  be  taken  in  making  a  soil-pipe  with  a  double  bend  upon  it,  and  at 
the  ease  with  which  some  produced  the  specified  bend  in  comparison  with  others 
The  art  of  bending  a  pipe  and  beating  lead  into  any  required  shape  constitutes  the 
test  by  which  a  good  or  bad  plumber  is  known. 

THE  FIXING  OP  SOIL-PIPES. 

In  fixing  a  soil-pipe,  either  inside  or  outside  a  house,  and  whether  in  a  waU 
ohase  or  otherwise,  one  of  the  chief  things  to  look  to  is  to  see  that  it  has  been 
properly  tacked  to  the  walls.    Tacks  (see  Fig.  261,  a  and  b)  are  pieces  of  lead 

fastened  upon  the  back  of  the  soil-pipe,  and  fastened  to  the 
walls,  in  order  to  keep  the  pipes  in  their  proper  place,  and 
prevent  the  weight  of  the  soil-pipe  from  causing  a  detach- 
ment from  the  closet-traps,  a  disruption  of  the  joints,  or 
a  falling  of  the  pipe  into  the  junction  with  the  underground 
drain,  which  would,  of  course,  block  it  up,  and  prevent  the 
passage  of  the  soil  into  the  sewer.  Tacks  are  either  single 
or  double,  or  alternate,  and  they  should  not  be  more  than 
four  feet  apart.  When  the  pipe  is  placed  in  a  chase,  the 
best  way  to  make  the  connection  of  the  two  pipes  is  to  solder 
Fig.  261.  the  two  pipes  on  the  top  of  a  wooden  block,  the  lower  pipe 

Ijeing  spread  out  at  right  angles.  The  due  rigidity  of  a  soil- 
pipe  is  a  matter  of  the  utmost  consequence.  I  examined  a  hospital  in  the  north  of 
England  some  years  ago  with  about  ten  stacks  of  soil-pipes,  and  there  was  hardly 
&  joint  which  was  trustworthy,  owing  to  the  lack  of  these  precautions,  or  to  an 
insufficient  attention  thereto. 

It  is  a  very  common  mistake  to  choose  soil-pipes  of  too  large  a  diameter ;  they 
are  frequently  found  in  West  End  squares  six  inches  in  diameter,  carrying  the  soil 
from  two  or  three  closets,  whereas  a  pipe  of  three  and  a  half  or  four  inches  diameter 
would  have  been  quite  sufficient.  I  have  never  made  use  myself  of  a  larger  pipe 
than  four  and  a  half  inches  diameter  for  five  or  six  closets  on  the  one  tier  of  pipe, 
because  the  smaller  the  diameter  of  the  j^ipe  the  more  certain  that  it  will  be  well 
scoured  out.  The  same  rule  should  obtain  here  as  with  soil-pipes  of  otiier 
materials ;  they  should  be  kept  as  much  as  possible  in  the  shade  when  on  the  outside 
of  the  house,  and  when  they  must  perforce  pass  up  inside  the  house,  they  should 
never  be  associated  with  hot-water  pipes  in  the  one  chase. 

There  can  be  no  doubt  that  soil-pipes,  formed  even  of  lead,  should  be  on  all 
possible  occasions  taken  up  outside  the  house,  the  branches  from  the  P-traps  of  the 
closets  or  other  connections  soldered  to  the  main  stack  outside.  Occasions  will 
doubtless  occur  when  it  will  be  apparently  imperative  to  have  some  pipes,  in  the 
■case  of  a  large  mansion,  running  up  inside  the  house,  and  especially  so  when  an  old 
house  is  being  altered;  but  in  a  new  house  no  soil-pipe  need  necessarily  stand  in 
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the  interior,  and  a  way  can  always  be  found  for  placing  this  kind  of  pipe  outside. 
They  can  always  be  made  in  such  cases  to  resemble  rain-water  pipes,  by  fixing  a 
clip  over  the  joints  in  iron,  or  forming  astragal  beads  ;  the  top  of  the  pipes  can  also, 
be  treated  with  a  dummy  rain-water  head.  So  much  trouble  was  found  necessary 
in  a  house  which  I  have  seen  in  London,  when  the  stack  pipe  necessarily  descended 
in  the  staircase  wall,  that  the  owner  had  the  whole  lead  pipe  taken  out,  and  an. 
expensive  copper  one  fixed  in  its  place.  This,  however,  was  extravagance  without 
adequate  return,  as  nothing  can  be  sounder  than  lead  properly  treated. 

Some  sanitarians  have  advocated  the  use  of  glass  as  a  soil-pipe,  because  it  is^ 
smoother  inside,  and  because  stoppages  or  lodgments  in  the  pipe  can  be  easier  seen 
through  its  medium.  But  taking  into  consideration  all  the  drawbacks  which 
present  themselves  when  considering  glass,  however  thick,  as  a  material  for  soil- 
pipes,  the  idea  of  using  it  as  a  soil-pipe  must  be  set  aside,  at  least  for  a  very  long 
time,  or  until  at  least  some  glass  has  been  produced  which  will  not  fracture  at  the 
joint  or  be  brittle  throughout  its  length.  The  only  kind  of  glass  pipe  at  all  fitted 
for  soU-pipes  is  the  glass-lined  iron  pipe  made  by  the  Glass-lined  Pipe  and  Tube 
Company,  in  the  State  of  New  York.  This  consists  of  an  iron  pipe,  into  which  a 
tube  of  fiint  glass,  one  size  smaller,  is  inserted,  the  space  between  being  filled  up 
with  a  plastic  non-conducting  substance,  and  so  overcoming  the 
difference  of  expansion  and  contraction  between  the  glass  and  iron. 
One  would  not  be  able  to  see  into  the  interior  of  such  a  pipe,  but  they 
would  have  the  satisfaction  of  knowing  that  there  was  a  smooth  interior, 
and  that  hot  as  well  as  cold  water  would  pass  down  it  without  causing 
any  trouble. 

From  the  above,  I  think  it  may  be  taken  for  granted  that  drawn-lead 
pipe  forms  the  best  possible  material  for  soil-pipes,  and  if  the  joints  of 
such  pipes  are  well  made  everything  will  be  right.  Care  should  be 
taken  to  see  that  the  joints  are  not  what  are  called  slip  joints,  where 
one  end  of  the  pipe  is  slipped  into  the  end  of  the  other,  and  the  space 
filled  up  with  no  matter  what.  Neither  should  the  joint  be  what 
is  called  a  copper  bit  joint,  because  it  is  a  weak  joint.  The  best  joint 
for  soil-pipe  work  is  the  wiped  joint  (see  Fig.  262),  and,  in  my  opinion, 
this  joint  should  be  made  by  the  plumber  himself  from  beginning  to  ending  of  the- 
operation.  Before  adopting,  at  all  events,  any  so-called  time-saving  methods  of 
joint-making,  by  casting  around  the  joint  with  any  material,  the  plumber  would  do- 
well  to  be  very  certain  that  any  such  introduced  joint  is  efiicacious  in  every  i^espect. 

VENTILATION  OF  SOIL-PIPES. 

A  soil-pipe  should  always  be  ventilated,  and  sufficiently  ventilated.  The  usual 
practice  at  one  time,  when  the  necessity  for  it  was  first  mooted,  was  to  take  up  a- 
three-quarter  inch  or  an  inch  pipe  to  the  eaves  of  the  roof.  Later  on  came  pipes  of 
one  and  a  half  inches  and  two  inches  diameter,  and  then  three  inches  and  four 
inches  diameter  followed.  At  the  present  day  it  is  almost  universally  admitted  that 
a  soil-pipe  should  be  ventilated  by  a  pipe  of  the  full  sectional  area  of  such  soil-pipe, 
and  that  this  ventilating  continuation  should  be  carried  up  to  a  distance  of  about 
four  feet,  remote  from  a  window  or  chimney-stack,  and  at  least  four  feet  above  any 
window  or  dormer  light ;  the  top  of  the  pipe  to  be  protected  from  birds  by  some- 
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suitable  cone     The  only  matter  of  controversy  has  reference  to  whether  a  closet 
which  IS  SI  ua ted  on  the  ground  floor,  and  has  no  closet  above  it,  should  also  b 
ventilated  to  the  roof-top  .ith  a  pipe  three  inches  or  four  inches  diameter 
opinion  IS  that  it  should  be  so  ventilated,  but  that  the  diameter  of  the  ventilatin  J 
pipe  must  be  determined  according  to  circumstances. 

IMPROPER  SOIL-PIPE  TREATMENT. 

Some  persons,  especially  builders,  ventilate  a  leaden  soil-pipe  by  a  ventilatin-.  con- 
tinuation  in  rain-water  down  pipes  joined  together;  but  this  is  a  very  crude  and 
objectionable  method,  as  the  joints  are  ahvays  precarious  in  their  quality.  And  any 
builder  will  hnd,  if  he  goes  into  the  matter  thoroughly,  that  he  can  erect  lead  pipe 
ot  hglit  material  suitable  for  ventilating-pipe  for  the  same  price  that  he  can  fix  and 
properly  joint  a  cast-iron  pipe  up  the  face  of  a  wall.  Zinc  is  a  material  not  to  be 
thought  of  for  this  purpose. 

It  is  constantly  a  matter  of  surprise  and  disgust  to  notice,  especially  in  modern 
houses  built  for  the  working  and  middle  classes,  how  often  rain-water  pipes  are 
made  to  do  duty  as  soil-pipes  as  well ;  how  often  the  waste-pipes  from  baths  and 
sinks  are  taken  into  such  combined  pipes  ;  how  always  these  pipes  communicate  at 
the  foot  with  the  house-drain,  not  disconnected  from  the  sewer  in  any  way;  and 
how  veiy  frequently  such  pipes  doing  double  duty  terminate  level  with  the  toj) 
windows,  giving  off  a  dangerous  effluvia  into  the  warmer  room  whenever  the  tojj 
sash  is  pulled  down,  or  perhaps  the  bottom  one  lifted.  There  ought  to  be  a 
stringent  law  passed  against  tliis  pernicious  practice,  and  all  rain-water  should 
descend  to  the  ground,  and  deliver  in  disconnected  fashion  over  the  traijping-water 
of  a  proper  gully.  Some  sort  of  a  disconnection  should  also  be  practised  with  the 
soil-pipe.  It  may  sometimes  be  a  matter  of  convenience  to  take  bath  or  sink 
wastes  into  a  rain-water  pipe  which  is  open  at  the  bottom,  but  it  is  far  better  to 
provide  a  separate  bath  and  sink  waste-pipe,  cutting  it  off  at  the  bottom,  and 
carrying  it  up  to  the  eaves,  so  as  to  obtain  a  current  of  air  through  it,  and  rid  the 
pipe  of  the  smell  due  to  decomposed  soap. 

To  conclude  my  remarks  upon  soil-pipes,  nothing  should  ever  enter  these  pipes 
but  closet-soil,  and  the  waste  from  urinals,  and  chamber  slops. 

servants'  CLOSETS. 

With  regard  to  the  water-closets  inside  the  house,  and  aU  services  in  connection 
with  the  interior  of  the  dwelling,  this  has  been  already  entered  into  under  the 
heading  Architecture;  and  it  will  be  sufficient  for  me  here  to  say,  in  order  to  give 
coherence  to  the  foregoing,  that  no  closet  should  ever  take  the  pan  pattern,  mth  its 
huge  iron  container  and  large  D-trap,  but  rather  the  valve  pattern,  with  lead  P-trap 
underneath,  or  any  of  the  many  improved  flusliing-rim  closets,  made  in  one  piece, 
with  trap  below.  Leaden  trays  under  these  closets  inside  the  house  should  have 
their  wastes  taken  through  to  the  outer  air,  with  a  small  copper  flap  attached. 
The  traps  and  valve-boxes  are  also  best  when  they  are  ventilated  by  pipes  separated 
from  the  soil-pipe  ;  and  when  an  overflow-pipe  is  attached  to  the  basin,  they  should 
preferably  be  taken  separately  from  the  soil-pipe. 

It  comes  within  the  province  of  my  section  to  deal  with  water-closets  outside 
the  house  for  servants'  use,  inasmuch  as  such  closets  join  the  drain,  especially  in 
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country  houses,  at  some  distance  from  the  residence ;  and  even  in  town  houses  they 
should  be  outside  the  dwelling,  and  never  inside,  save,  for  instance,  in  the  area,  or 
in  a  front  or  back  yard  entered  from  the  open  air,  and  ventilated 
into  it.  As  a  general  rule,  servants'  closets,  being  situated  on  the 
basement-level,  do  not  require  ventilating-pipes,  although  some- 
times it  is  wise  to  provide  them. 

There  is  a  form  of  closet  which  is  in  use  almost  universally  in 
servants'  retreats,  and  that  is  the  common  deep  hopper  closet,  the 
llushmg-water  being  led  through  a  pipe  at  the  top,  where  it 
ssimply  twists  about  inside  the  basin  until  it  reaches  the  syphon. 
The  interior  of  this  pattern  closet,  which  is  shown  at  Fig.  ^63,  is 
always  filthy  in  the  extreme,  and  the  flushing-water  very  rarely, 
if  ever,  flushes  out  the  syphon,  A.  The  pattern  of  closet  which 
should  be  chosen  is  the  flushmg-rim  basin,  with  a  shallower  body,  and  with  a 
•syphon  having  an  access-cap  on  the  top  of  the  outgo,  so  as  to  enable  it  to  be 
easily  cleansed.    There  are  many  very  good  patterns  of  servants'  closets  in  the 
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market,  and  this  being  so,  it  is  quite  reprehensible  to  use  such  a  closet  as 
that  at  rig.  263 ;  and  no  matter  what  pattern  of  closet  be  adopted  of  the 
wash-out  pattern,  they  should  always  be  flushed  from  a  disconnection  cistern 
with  automatic  action  syphon  inside,  and  separate  ball-valve;  the  depending 
handle  in  connection  with  which  requires  only  to  be  touched  in  order  to  deliver  the 
whole  of  its  contents  of  two  or  three  gallons  down  the  closet.  A  closet  which  is 
merely  supplied  from  a  cistern  above,  without  the  small  flushing  automatic  delivery 
cistern  just  described,  is  very  little  better  than  a  closet  without  flushing-water  at 
all.  As  a  rule,  servants  will  not  hold  down  the  wire  and  ring  sufficiently  long  to 
obtain  an  appreciable  flushing,  and  the  drain  in  the  immediate  neighbourhood,  and 
beyond  it,  becomes  blocked  up  in  consequence. 

Within  the  last  fewyears  a  most  excellent  form  of  closet — where  there  area  number 
of  male  servants  (see  Fig.  264  for  plan  and  sectional  elevation) — has  been  devised,  m 
which  the  basins  deliver  into  a  trough,  a,  and  a  due  flushing  is  maintained  by  means 
of  a  cistern,  b,  fitted  with  one  of  Field's  patent  annular  syphons,  d,  described  later, 
which  delivers  itself  automatically  when  full.  This  flushing-cistern  is  fed  by  a 
tap,  c,  which  need  merely  dribble  into  it.  .The  delivery  of  the  contents  is  very 
speedy  down  the  large  waste-pipe,  e,  although  it  may  take  several  hours  to  fill  the 
cistern.  And  another  advantage  is  that  the  deliveiy  of  water  from  the  tap,  c,  into 
the  cisterUj  b,  can  be  so  arranged  that  it  will  go  off  persistently,  after  any  lapse  of 
time,  according  as  the  quantity  of  water  issuing  from  the  tap  is  set.  Thus,  at  any 
stated  period  of  the  day,  say  morning,  noon,  and  night,  or  oftener,  a  certain  number 
■  of  gallons  will  sweep  out  the  trough  to  the  drain  or  sewer,  without  any  person 
requiring  to  go  near  it  for  years.  Fig.  264  shows  a  closet  of  this  kind,  manufactured 
by  Messrs.  Bowes,  Scott,  and  Read.  I  have  drawn  it  with  only  three  closets,  but 
of  course  it  would  work  with  others  added.  No  doors  are  shown  to  the  closets,  so 
as  not  to  complicate  the  sketch ;  but,  as  a  matter  of  course,  these  would  be  fixed  to 
each  closet,  and  privacy  obtained. 

This  kind  of  closet  is  also  very  suitable  where  many  female  servants,  especially 
laundry-maids,  are  kept.    The  quantity  of  water  consumed  is  little  more  than  the 

total  of  what  is  used  after 
every  discharge  of  an  or- 


dinary closet  per  diem, 
and,  in  a  manner  of 
speaking,  thi-own  away 
without  benefit  to  either 
closet  or  drain. 

It  often  happens  that 
there  is  no  flushing-water 
to  be  obtained  in  country 
cottages  for  the  use  of  the 
closet,  while,  at  the  same 
time,  the  wastes  of  the  sink 


rig.  265. 

and  washing-water  would  be  beneficial  in  cleaning  out  any  drain-pipe  in  connection 
with  the  privy,  and  be  a  means  of  taking  the  excreta  to  the  garden,  or  to  some  place 
where  it  could  be  dealt  with.  I  give  a  view  of  such  a  closet-also  by  Messrs.  Bowes, 
Scott,  and  Read— at  Fig.  265.     The  scullery  sink  is  at  a,  and  the  flushing-tank, 
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which  is  another  pattern  of  Mr.  Field's  arrangement,  is  at  B.  This  tank  when  full 
delivers  itself  automatically  in  large  volume  down  the  pipe,  c  C,  and  clears  out  the 
syphon,  d,  and  the  soil  which  fell  down  the  closet-pipe,  E  E,  washing  the  whole 
contents  down  the  outfall-pipe,  F.  This  arrangement  is  far  preferable  to  any  kind 
of  privy,  because  it  utilises  the  slop-wastes,  and,  at  the  same  time,  keeps  the  closet 
clean.  As  a  matter  of  course,  with  such  a  closet  no  basin  must  be 
used,  and  the  sides  of  the  soil-descent  pipe  should  be  kept  clean. 


URINALS. 

An  equally  important  thing  about  a  household  with  a  retinue  of 
men  servants  is  to  have  a  proper  urinal  provided  for  their  use  ;  and 
in  these  days  of  improvements  it  would  be  a  folly  to  recur  to  the 
old  stone  sink,  or  to  any  pattern  of  this  convenience  which  would 
not  permit  of  an  automatic  discharge  of  some  two  or  three  gallons 
of  flushing-water  every  few  hours,  so  as  to  keep  it  quite  clean. 
Treadle-valves  are  very  apt  to  get  out  of  action  by  wear  and  tear, 
and  a  continuous  stream  down  the  back  of  the  urinal  takes  a  con- 
siderable quantity  of  water  during  the  day. 

I  show  at  rig.  266  an  ordinary  urinal,  having  attached  to  it  a 
pipe  in  connection  with  a  small  Jennings'  automatic  flushing-cistern, 
into  which  the  very  merest  quantity  of  water  is  allowed  to  fall. 
When  the  automatic  cistern  at  a  is  full,  the  water  descends  the 
pipe,  c,  full  bore,  passes  through  the  spreader,  b,  and  cleans  the 
m-inal  from  any  offence.  I  have  used  this  arrangement  in  hospitals 
with  great  success.  All  that  is  needful  is  to  keep  the  flushing-cistern  out 
reach  of  frost,  and  there  can  be  no  difficulty  in  doing  this  wherever  the 
may  be  fixed. 
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CHAPTEE  LXy. 

DISCONNECTION  AND  VENTILATION  OF  DBAINS. 

Definition  of  and  Necessity  for  Disconnection— An  Example  of  a  simple  Disconnection-trap— Improved 
Syphons  for  Disconnection-chambers-  A  General  Disconnection-chamber  for  the  whole  Drains  of 
a  House— Syphons  should  be  of  less  Diameter  than  the  Dram-pipes— Rules  guiding  the  Con- 
struction of  these  Chambers— Airtight  and  open  Manholes -Examples  of  Disconnecting-traps  at 
feet  of  Soil-pipes-The  two  Methods  of  Separate  and  Collective  Disconnection— The  Testing  of 
Undergi-ound  Drains  and  Upright  Pipes,  for  Freedom  from  Leakage— Tidal  Valves— Drain-flushing. 

I  NOW  approach  the  subject  of  Disconnection  between  the  house  and  the  house- 
drain  or  outfall  beyond,  and  it  is  a  matter  of  the  utmost  importance  that  this  should 
be  thoroughly  arranged.  I  have  already  pointed  out  how  the  wastes  of  sinks, 
lavatories,  and  baths  should  be  disconnected  in  the  open  air,  and  also  the  feet  of 
rain-water  pipes.  It  may  be  taken  as  a  safe  and  most  general  rule  that  nothing 
should  enter  a  drain  direct,  a  soil-pipe  only  excepted  which  has  been  duly 
ventilated.  Every  other  waste-pipe  should  deliver  in  the  open  air,  over  or 
under  a  guUey-grating. 

Within  the  last  ten  years  or  so,  it  has  been  often  proved  that  a  soil-pipe  or 
house-drain  cannot  be  said  to  be  ventilated  unless  a  current  of  fresh  air  be  con- 
stantly taken  into  it,  and  as  continuously  discharged  at  the  top  of  the  soil-pipe  or 
other  special  ventilating-pipe.  Supposing,  for  instance,  that  a  soil-jDii^e  were 
trapped  at  the  foot  simply,  and  no  current  of  fresh  air  admitted  between  the  trap 
and  the  soil-pipe,  then  this  soil-jpipe  cannot  be  said  to  have  been  ventilated,  for 
it  will  be  full  of  foul  air  derived  from  the  house-drain,  cesspool,  or  sewer,  and 
nothing  in  the  shape  of  an  extracting-cowl  fixed  upon  the  top  of  the  ventUating- 
pipes  could  have  the  efiect  of  removing  the  foul  air  from  the  pipes. 

The  first  publication  of  the  necessity  of  pro^dding  an  inlet  for  air  between  the  soil- 
drain  and  the  soil-pipe  or  house  has  been  claimed  by  several  persons,  and  the  controversy 
has  led  to  an  extensive  series  of  articles  in  the  various  sanitai-y  and  building  journals. 
It  would  appear  that  Dr.  Buchanan  pointed  out  the  necessity  for  this  when  at 
Croydon  in  1875,  and  in  a  sketch  which  he  furnished  in  his  Report  of  the  following 
year  to  the  Local  Government  Board,  he  drew  an  upright  air  inlet^chamber  between 
the  house-drain,  and  the  sewer,  with  a  view  of  supplying  the  house-drain  with  a 
cui-rent  of  fresh  air,  removing  it  by  way  of  a  ventilating-pipe. 

Dr.  Andrew  Fergus,  of  Glasgow,  also  demonstrated,  about  this  time,  the  necessity 
of  replacing  the  foul  air  by  fresh,  and  several  patents  followed ;  notably,  those 
taken  out  by  Buchan,  Banner,  and  Potts.  I  do  not  mean  to  say  that  fresh-air 
inlets  were  not  invented  before  the  year  1875,  but  it  was  about  this  time  that 
sanitary  engineers  began  to  insist  upon  their  being  provided.  Mr.  Dodson,  of 
Glasgow,  states  that  the  system  of  air-inlets,  with  assisted  withdrawal  of  such  air 
in  drain-pipes,  was  practised  by  him  as  far  back  as  1872.  Soil-pipes,  some  twenty 
years  before  this  time,  were  cut  off  at  the  foot,  so  as  to  get  a  current  of  air  through 
them,  but  no  trap  was  provided. 
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A  very  complete  idea  of  tlie  action  and  usefulness  of  a  disconnection-trap  will 
be  obtained  by  an  examination  of  the  Potts'  Edinburgh  air-chamber  sewer-trap,  one 
of  the  first  which  was  brought  into  the  market.    It  is  largely  used  at  the  present 
time,  and  is  doing  excellent  work.    I  give  a  view  of  this  chamber  at  Fig.  267. 
The  air-chamber,  or  inlet  of  fresh  air,  is  at  A,  and  the  soil-pipe  is  shown  at  b; 
at  L  is  shown  a  rain-water  pipe,  and  at  k,  in  the  side  of  the  air-chamber,  is  drawn  a 
side  opening  for  similar  wastes  requiring  disconnection.    An  open  grating  over  the 
air-chamber  is  shown  at  e,  and  between  the  upper  grating  and  the  chamber  a  second 
grating  is  provided,  with  the  intention  of  filling  it  with  charcoal,  but,  as  a  rule,  this 
is  now  discarded.    A  division-plate  is  provided  at  g,  with  the  intention  of  creating 
a  current  of  air  in  the  air-chamber.     A  small  ventilating-pipe  is  also  provided 
between  the  trapping-water  of  the  syphon  and  the  outfaU-drain,  with  a  view  of 
ventilating  the  dram  beyond  the  syphon;  but  it  is  not  desirable  to  ventilate  the 
drain  beyond  the  syphon,  against 
the  house  wall,  beyond  the  outlet  c. 
It  will  be  seen  from  the  sketch 
and  explanation,  that  an  air-chamber 
is  provided  between  the  trapping- 
water,  D,  and  the  waste-pipes  de- 
scending from  the  house.    All  con- 
nection between  the  house-pipes  and 
the  external  drains  is  thoroughly 
severed,  and  no  drain-gases  can  be 
sucked  into    the    house  -  drainage 
system,  because,  when  the  air  in  the 
house-pipes  becomes  warm,  fresh  air 
would  be  drawn  through  the  grating 


Fig.  267. 


E.  As  a  matter  of  course,  also,  any  foul  air  from  the  outfall,  which  may  happen  to 
saturate  the  trapping-water— a  thing  which  very  seldom  happens— would  escape  up 
through  the  grating,  and  be  dispersed. 

I  will  give  an  instance  of  some  other  forms  of  disconnection-chambers;  but  I 
wish  to  pomt  out,  before  going  any  farther,  that  there  are  two  or  three  sound  rules 
connected  with  the  use  of  these  disconnection-chambers,  which  it  would  be  well  to 
pomt  out.    For  mstance,  although  it  may  always  be  done  with  impunity  with  such 
a  trap  as  this,  provided  that  the  pipe  were  open  at  the  top,  it  is  unwise,  from  a 
1  high  sanitary  point  of  view,  to  lead  the  waste  of  a  bath  directly  into  the  air- 
.  chamber,  as  shown  at  k  and  l.    Clear  wastes  of  this  description  from  baths,  clean 
■water  sinks,  and  lavatories,  &c.,  should  first  of  all  deliver  into  an  open  .ully  as 
jshown  at  N,  Fig.  269    the  trapping-water  of  such  gully  discharging  into\ 
disconnection-chamber  by  way  of  pipes  drawn  above.    This  wouH  be  a  wise 
precaution,  because,  aiter  all,  the  soil  from  the  closets  must  pass  through  the  oZ 
chamber;  and  un  ess  there  be  a  sufiiciency  of  llushing-water,  the  oltr^^erZm 
become  somewhat  foul.    The  sketch  at  Fig.  267  shows  a  very  de;p  air-ch^  ber  and 
It  IS  sometimes  impossible  to  obtain  such  an  incline  into  the  sySiot     but  tt 
^^2:1^^--  ^-^^  —  ---^  depths  of \rm Ws,  solst 

Many  forms  of  improved  syphons  have  been  constructed,  with  a  view  of  obtain  • 
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ing  an  entry  into  the  drain  beyond  the  trap,  in  order  that  the  drain  can  be  cleaned 
out  by  means  of  rods  or  periodically  flushed.  And  having  seen  by  experience  that  it 
was  wise  to  reduce  the  pressure  of  air  against  the  water  in  the  trap,  at  the  foot  of 
the  disconnection-chamber,  various  forms  of  air-inlets  have  been  devised,  wherewith 
to  ventilate  the  drain,  between  the  trap  and  any  ordinary  open  outfall.  This 
thing  ought  especially  to  be  borne  in  mind.  When,  for  instance,  such  a  dis- 
connection-chamber arrangement  as  is  drawn  at  Fig.  267  must  necessarily  be 
placed  at  a  considerable  distance  from  the  house,  fresh-air  inlets,  protected  from 

vermin,  should  be  provided,  in 
order  to  give  an  accession  of  fresh 
air  along  the  route  of  the  drain. 

At  Figs.  268  and  269  I  give  an  , 
example  of  a  discomiection-chamber 
of  another  character,  which  is  not  : 
sold  complete  in  earthenware  pieces,  , 
ready  for  jointing  together,  like  tlie  ■ 
Potts'  trap,  Fig.  267,  but  is  built  up  i 
to  suit  a  drain  at  some  depth,  say  • 
six,  eight,  or  ten  feet  or  more,  below  i 
the  surface  of  the  ground.  Fig.  268  i 
is  apian  and  Fig.  269  a  section,  of  I 
an  air-chamber  of  this  sort.   Here, , 
the  walls  are  formed  of  brickwork ; 
in  cement,  and,  as  will  be  seen, 
the  shaft  is  just  sufficiently  large 
to  permit  a  man  descending  it,  by 
means  of  the  Jacob's  ladder-rings, 
drawn  at  A  A.     In  chambers  of 
these  depths,  and  in  order  to  \)X0- 
vide  a  space  for  the  whole  of  the 
main  open  channel,  B,   and  thd 
syphon,  c,  it  becomes  necessary  to 
throw  an  arch  over,  as  drawn  at  D. ' 
Within  the  last  few  years,  in  order  i 
to  form  cleanlier  work  than  cement  would  make,  half -open  pipes,  curved  in  every) 
direction,  have  been  made,  in  order  to  lead  the  wastes  of  outlying  drains  and  closets, 
sinks  or  back-yards  and  areas  into  the  main  open  channel,  b,  which  passes  through  the 
disconnection-chamber.  Some  of  these  curves,  designed  by  Mr.  Field,  can  be  seen  on  the  • 
plan  Fio-  268     In  such  a  case  as  this,  where  the  drain  Ues  so  deep,  especially  li  it 
be  near  the  house,  it  is  found  mostly  advisable  to  cover  over  the  shaft  with  a  close- 
iron  manhole  at  E,  and  to  lead  a  current  of  fresh  air  into  the  chamber— for  mstancr 
at  F-by  means  of  a  six-inch  pipe,  conveyed  to  the  nearest  wall,  and  connected  wiu 
a  twelve-inch  open  grating,  bmlt  some  foot  or  so  above  the  ground  (see  f,  ±ig.  - 
The  fresh  air,  thus  admitted,  would  pass  up  the  drain-pipe  G,  Fig.  268,  along 
drain,  and  be  discharged  by  way  of  the  ventilating-pipes  at  the  end  of  each  raiu 

fication  of  the  drain.  ,  i  ,    ,      „  ;„  ,n,-,ul 

In  building  disconnection-chambers  of  this  descri,3tion.  it  should  be  bo.-ne  m  mm 


Fig.  269.— Section. 
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•that  no  pipe  should  deliver  its  contents  from  a  height  above  the  open  channel ;  but, 
on  the  contrary,  the  pipes  should  be  led  down  so  as  to  deliver  on  the  top  of  the 
main  open  channel.  This  can  be  done  either  by  bringing  the  pipes  down  inside 
the  chamber,  as  drawn  at  H  I,  or  by  leading  them  down  outside  the  wall,  as  shown 
at  J.  If  this  rule  be  not  rigidly  observed,  the  sides  of  the  air-chamber  will  become 
foul,  and  generate  unhealthy  smells.  The  tributary  open  pipes,  whether  straight  or 
curved,  should,  moreover,  deliver  their  contents— not  level  with  the  bottom  of  the 
main  chamiel  B,  but  on  the  top  of  it,  as  shown ;  by  this  means  obtaining  for  the 
wastes  a  certain  cascade  action,  beneficial  alike  to  both  channel  and  syphon. 

Pigs.  268  and  269  exhibit  some  further  points  of  some  consequence  to  the  con- 
structor of  a„  disconnection-chamber.  For  instance,  a  syphon,  with  a  raking-inlet 
pipe  cast  upon  it,  is  drawn  at  c.  This  inlet-pipe  affords  a  ready  means  of  cleaning 
out  and  flushing  the  drains,  as  before  described. 

Experience  has  taught  engineers  that  a  syphon  trap  should  always  be  of  less 
diameter  than  the  main  drain  in  front  of  or  beyond  it.  For  instance,  the  six-inch 
drain  from  the  house  at  Fig.  269  is  made  to  deliver  into  a  four-inch  syphon,  and 
beyond  the  syphon  at  K  is  shown  a  tapered  pipe  to  lead  the  wastes,  which  have 
passed  the  syphon,  back  again  to  the  six-inch  drain,  leading  to  the  outfall.  In  some 
cases,  a  six-inch  pipe  may  deliver  through  a  six-inch  syphon.  Certainly  a  nine-inch 
drain  should  never  deliver  into  a  nine-inch  syphon.  As  for  a  twelve-inch  pipe,  it 
should  never  delivei-  into  anything  but  a  nine-inch  syphon,  but  the  necessity  for  such 
large  pipes  as  that  last  mentioned  is  seldom  to  be  thought  of  for  house-drainage. 

When  the  drain  is  a  shallow  one,  of  course  the  turning  of  an  arch  over  the  open 
channel  of  the  disconnection-chamber  is  not  necessary,  and  the  wall  would  be  carried 
up  to  the  surface  from  about  the  middle  of  the  syphon,  where  the  raking-inlet 
terminates.  With  chambers  that  are  thus  shallow,  the  cleanliest  practice  is  to  build 
the  chamber  with  glazed  brick  facings  to  match  the  glazed  white  channeling  below. 
The  splayed  bed  from  m  m  to  the  channels  can  be  sufficiently  well  treated  with  fine 
cement.  When  the  disconnection-chamber  is  being  built,  it  should  be  built  with 
brickwork  in  cement,  upon  a  bed  of  concrete ;  and  when  there  is  any  subsoil- water 
to  deal  with,  the  walls  should  be  puddled  outside  with  clay,  so  as  to  prevent  ooze 
and  discoloration. 

In  Fig.  269,  the  entrance  to  the  disconnection-chamber  is  covered  with  a  closed 
iron  manhole,  and  in  order  that  there  should  be  no  objectionable  circulation  between 
it  and  the  air-inlet,  f,  it  is  necessary  to  provide  a  manhole-cover  which  should  be 
perfectly  air-tight,  and  require  no  periodical  charging  with  water  or  with  sand, 
where,  the  dipping  piece  of  the  door  fits  into  the  groove  of  the  iron  frame.  It  is 
also  essential  that  this  manhole-cover  should  be  kept  locked,  and  a  locking  apparatus 
and  suitable  key  are  therefore  advisable.  When  it  is  open  it  is  advisable  also  to  be 
able  to  throw  it  over  its  perpendicular,  or  provide  it  with  a  proper  strut,  so  as  to 
render  it  impossible  for  the  door  to  descend  on  a  man's  head. 

A.  very  recommendable  example  of  a  hinged  air-tight  manhole-cover,  and  one 
very  generally  used,  is  drawn  at  Fig.  270,  and  is  known  as  Angell's  Patent,  London. 
The  flap  is  rendered  air-tight  when  closed  by  the  flange  A,  which  runs  entirely 
round  the  inner  side  of  the  frame,  as  shown  at  Fig.  371,  and  which  presses  itself  into 
a  packing  of  suitable  material,  which  is  fixed  in  the  groove  formed  in  the  under 
side  of  the  flap  at  b.     There  are  other  air-tight  manhole-covers  in  the  market 
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whM,eHl.e.Hft„p  o.  lock,  among  w,u„,  mentioned  "ttatT^^, 

When  the  disconnection-chamber  is  not  Dkcerl  in  f.^  i 
We.  o..  not  inside  a  ,a.d  sn„„„nded  V  t'r^i/idL^— ^Lt 


Fig.  2,0. 


Fig.  271. 


J  Of  a  manhole-cover  with  an  open  grating.  There  are  of  course  many  patterns 
of  this  kind,  and  they  may  be  either  made  to  lock  or  other.vise.  It  is  better  to 
have  them  made  so  as  to  lock,  and  they  should  be.  moreover,  sufficiently  strong  to 
allow  a  cart  to  pass  over  them  without  fracturino-  them 

As  open  manhole-covers  of  this  kind  are  frequently  placed  in  fields,  the  necessity 
for  locking  them  is  all  the  greater,  because  cattle,  placing  their  feet  on  a  corner  of  an 
unlocked  grating,  are  apt  to  tilt  it  up.  Open  gi-atings  of  this  description  should  be 
fitted  up  with  a  mesh  of  copper  wire  under  the  gi-ating.  so  as  to  prevent  the  entiy 

of  leaves.  ExceUent,  although  difFering,  ex- 
amples of  open  gratings  suitable  for  the  above 
purposes  are  manufactured  by  Purnell,  and 
Bailey  &  Co.,  of  London. 

It  has  been  found  very  frequently  that  a 
much  simpler  method  of  discomiection  is  desii- 
able  than  that  shown  at  Figs.  268  and  269.  For 
instance,  in   the  case  of  a  cottage  or  small 
house,  an  open  channel  pipe,  two  or  three  feet 
in  length,  makes  the  construction  of  the  chamber 
somewhat  expensive.    Many  syphons  have  been 
devised  with  a  view  of  providing  for  such  cases, 
and  Weaver  and  Hellyer's  traps  are  very  good 
examples  of  these.     In  order  to  show  how  a 
syphon  of  this  description  can  be  made  to  act  as 
an  inlet,  even  at  some  distance  below  the  ground- 
level,  I  draw  one  at  Fig.  272.    Here  the  syphon 
itself  is  drawn  at  a,  b  being  the  inlet  from  the 
house,  and  c  the  outgo  to  the  sewer;  a  side 
entry,  or  an  entry  for  inlet  ventilation,  is  drawn 
at  D.    The  whole  syphon  is  surrounded  by  brickwork  in  this  sketch,  but  it  is  not 
absolutely  necessary  to  take  the  brickwork  down  to  the  bottom  of  the  syphon,  as  the 


.1 J  :r-'-.  -^.o-pAtj'.  t    -  -  V-:.        ■  ■• 
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gi-ating  is  here  drawn  instead  oi  a  ciu.o-xx..x.  „  ,  closed  raanhole- 

^bjectx^onable  it  is  the  best  way  of  bringmg  m  fresh  air.    ShouM  a  ci  ^ 

a  mica-valved  inlet,  such  as  manufactured  by  ^omyn  C  mg  a^^^^  take  the  inlet  of 
Hellyer     One  precaution  should  always  be  taken,  and  that  is,  to  take  tne 
f       nf       house  delivery  as  shown  at  E,  and  not,  for  instance,  at  G. 
S  has  becorae  teTc  Lon  of  late  to  fix  at  the  foot  of  each  soil-pipe  a  discon- 
It  has  ^  ^1^3  g^^e  gypHon,  and  these  disconnecting 

r:rL;f;prje™.o.s ...... 

warp  Bortion  of  the  disconnection  arrangement  drawn  at  Fig.  27^.  i  Jiave  aireaay  lu 
LTedThTmaver  and  Hellyer  traps,  but  beside  t^ 

the  Doulton  trap,  both  furnished  with  soil-pipe  entries  and  with  ventilatmg  uprights, 
tme  hat  provSionsfor  raking  and  flushing  oiit  the  outfaU-dram  in  the  syphon 
itself,  and  others  have  not;  but  whenever  a  syphon  is  unprovided  -^-^ 
inlet  to  the  drain  beyond  the  syphon,  either  such  a  rakmg-pipe  should  be  fixed  to 
an  upright  Y  junction  in  a  drain-pipe  just  beyond  the  syphon ;  or  a  manhole  should 
be  provided,  some  still  farther  distance  from  the  syphon,  which  would  enable  a 
workman  to  cleanse  out  the  drain  with  rods.    The  syphons,  in  these  cases,  should 
dip  at  least  three  inches  (if  possible),  so  as 
to  afford  a  sufficiency  of  hydraulic  seal. 
Some  persons  have  considered  it  necessary 
to  construct  a  double  syphon,  that  is  to 
say,  a  syphon  beyond  the  one  syphon  shown 
in  the   above  figures.      Mr.  Woodhead's 
double  syphon,   ventilated    trap,  manufac- 
tured at  Leeds,  is  an  example  of  this  kind. 
I  do  not  myself  think  these  double  traps 
necessary,  provided  the  outfall-drain  beyond 
the  syphon  is  properly  ventilated.  Moreover, 
two  syphons  placed  thus  together  require  more 
fall  than  can  be  afibrded  in  the  great  majority 
of  cases.    Among  the  traps  of  this  kind  espe- 
cially fitted  to  receive  the  soil-pipe  immedi- 
ately at  its  foot,  I  may  give  the  Buchan  trap, 
drawn  at  Fig.  273.    The  advantage  of  this 
trap  over  several  others  is  the  extra  fall 
from  the  level  of  the  house-drain  at  A  to 

the  surface  of  the  trappmg- water  at  B.  This  extra  fall  assists  in  stirring  up  any 
sediment  in  the  syphon,  enabling  it  to  be  washed  out  to  the  outfall  c.  A  syphon 
having  a  throw-off  lip  is  also  manufactured  in  London,  known  as  Angell's  syphon, 
and  it  possesses  the  faculty  of  throwing  the  water  nearer  the  middle  of  the  syphon 


Fig.  273. 
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and  Of  puslung  the  soil,  etc.,  outside.    Sometimes  it  may  happen 
grating  over  the  ventilating-inlot  of  a  disconnootinr.  nl.    I  °P^^ 
n.ay  be  covered  with  dirt  or  snow  Id  TT^'T^^^^^^  ventilating-grating 
should  be  extended  to  open  horilintd  ventil  7^  *  f""'  '""^  Bupervision 

from  such  a  mishap.    SometimesTo  IC^^^^ 

foot  of  the  soil-pfpe,  a  bW  of  foul^       the  disconnecting-trap  is  placed  at  the 

passage  of  a  strong'  ^in^Zo:^  i^lZ^Z^^^!'  t  '''7''' 

and  also  the  filling  up  with  dirt  or  covpvi  ^        "  .     P™"^^^  ^8^"^"^  this, 

It  AviU  be  seen  from  the  foregoing  descrintinr.^ 
of  poetising  the  disconnection  a,td  ^JZZ:Tt  ^^IZL'^  oIL^ff 

r4f  tt'  -/r-".  .ci.  :a  r:;-!  i;:nt^ 

-r  i^s  wi> /  .  ^ ^  and  273,  taking  fresh  air  immediately  up  the  soH-pipe  Nntl.i..„ 
can  be  said  agamst  this  method  of  disconnection  and  ventifation  exceprthaUft^: 
r^Klly  practised,  at  a  large  establishment,  for  instance,  the  tr^ps  wm  \e  rV'^^^^^^^ 

z:^^::^:^ -  ^^^^ 

_   Traps  of  this  description  have  been,  however,  undoubtedly  devised  with  a 
view  of  immecliately  severing  the  house-drain,  or  soil-pipe,  from  theT^  b^L 
and  the  practice  introduced  by  Mr.  Norman  Shaw  is  very  similar  exce^^t  that 
he  delivers  his  soil  into  the  hopper-head  of  a  cast-iron  pipe  just  outsMele'  lott 
anc  so  obtains  a  current  of  air  through  the  pipe  from  tL'  inlet  of  the  syphon  beW 

,iven  at  figs.  268  and  269,  where  one  disconnection-chamber  is  provided  for  the 
whole  house,  and  everything  is  made  to  pass  through  the  open  channeling.  Of 
course,  where  there  are  two  outfalls  two  disconnection-chambers  would  have  to  be 
Fovided     In  this  last-mentioned  method  of  dealing  .vith  water-carried  ewage 

ntilT        '"'^'T/"  "''^^^^  continuations  or  separate 

Zmber  ^^ntUating-inlet  at  the  disconnection- 

Such  a  single  disconnection-chamber  is  generally  fixed  where  the  house-drainacre 
from  various  points  can  be  led  easily  into  it,  and  it  will  be  found  in  practice  to 
aiiord  more  advantages  than  separately  disconnecting  each  soil-pipe.  It  must 
be  borne  in  mmd,  however,  that,  although  the  traps  drawn  at  Fi-s.  267  272  and  273 
are  adapted  for  fixing  close  to  the  feet  of  the  soil-pipes,  such  traps  can  be  made 
to  disconnect  drains  when  they  are  fixed  at  some  distance  from  the  house  and 
thus  act  as  a  kind  of  ventilating-chamber.  ' 

For  general  work,  I  should  prefer  the  roomy  open  channel,  shown  in  plan 
at  Fig.  268,  with  a  rakmg-pipe  to  the  syphon,  and  a  manhole  sufficient  to  permit  a 
workman  to  examine  the  trap  and  clean  the  dram  out  both  in  front  of  and  beyond 
the  syphon. 

When  the  drains  have  been  laid  upon  their  concrete  bed  inside  the  house,  and 
before  they  have  been  covered  over  with  concrete,  it  is  most  essential  that  they 
should  be  tested  for  soundness  of  joints.  The  crucial  test  in  this  case  is  to  fill 
them  with  water  after  stopping  up  the  lower  end  of  the  dram  outside  the  walls 
of  the  dwelling. 

By  way  of  testing   the  efficiency  especiaUy  of  the  upright  pipes  of  lead 
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or  iron  "wr 


either  mside  or  outside  the  hou=e,  from  "l-'^.  f  P;'-^'-' 
4..,  it  i,  advis.Ue,  once  the  " 

""''ZlefLmon  practice  is  to  pour  down  the  top  of  the  farthest  ventUating- 
pipe  in  connection  with  the  disconnection-chamber  about  half  an  ounce  or  so 
of  (Mitcham's)  oil  of  peppermiait,  taking  care  to  pour  down  immediately  after- 
wards about  six  gallons  of  hot  water.    If  there  be  more  than  one  ventilated 
soil-pipe   then  the  rest  should  have  been  previously  stopped  up  in  a  temporary 
fashion  'as  should  also  the  ventilating-pipe  which  is  operated  upon  immediately 
after  the  hot-water  discharge  has  followed  the  oil  of  peppermmt.    The  doors  and 
windows  into  the  house  should  also  have  been  carefully  closed  previously,  and  as 
much  as  possible  the  rooms  where  no  pipes  descend  isolated  from  the  rooms  and 
closet-spaces  where  they  do  descend.    By  this  procedure  the  smallest  leak  wi  1  be 
instantly  discovered  by  the  various  persons  stationed  simultaneously  m  the  places 
where  the  pipes  descend,  and  the  weak  spots  can  be  marked  with  a  piece  of  chalk. 
Any  other  essential  oil  derived  from  a  strong-smelling  plant,  and  some  of  the 
disinfectants,  will  answer  the  same  purpose;  but  care  should  be  taken  that  none 
of  those  persons  who  are  told  off  to  discover  the  presence  of  any  leak  on  the  varioiis 
floors  are  allowed  to  handle  the  peppermint,  nor  should  the  bottle  containing  it 
be  opened  untH  the  operator  is  on  the  roof.    I^either  should  he  traverse  the  rooms 
undergoing  the  test  until  the  matter  of  leaks  or  no  leaks  has  been  decided,  the 
odour  given  off  by  such  oils  being  so  volatile. 

The  testing  of  pipes  by  essential  oUs  from  the  top  of  the  roof  downwards  is 
a  very  severe  test ;  equally  severe  is  the  smoke-test  from  below  upwards,  and  a  still 
more  searching  test  is  the  burning  of  a  quantity  of  sulphur  in  a  shovel  at  the 
mouth  of  the  disconnection-chamber  or  drain  just  outside  the  house.  When  testing 
from  the  air-chamber  with  smoke  or  sulphur  fumes,  the  inlet  ventilator  should  be 
properly  closed  after  the  light  has  once  been  applied. 

From  a  perusal  of  the  above  few  remarks  regarding  the  necessity  for  and 
the  methods  of  achieving  the  disconnection  and  ventilation  of  house-drainage, 
it  may  be  imagined  with  justice  that  the  wisest  way  for  the  householder  who 
desires  to  obtain  all  the  benefits  of  this  modern  system  of  drainage,  would  be 
to  consult  some  professional  man  before  obtaining  a  tender  or  proceeding  to  carry 
out  the  work.  For  far  too  frequently,  after  an  ordinary  builder  has  produced  what 
he  terms  disconnection  and  ventilation  on  modern  lines,  the  bulk  of  the  work 
has  to  be  re-arranged  at  considerable  expense. 

It  not  unfrequently  happens  that,  after  passing  the  disconnection-chamber  just 
described,  the  further  delivery  is  into  an  outfall  subject  to  intermittent  flooding  or 
rising  tides,  and  in  such  cases  it  becomes  imperative  to  prevent  the  inroad  of  the 
flood  or  tidal  water  into  the  drain-system.  The  necessity  for  traps  of  some  kind, 
which  should  check  the  ingress  of  such  unwelcome  water,  has  been  felt  as  long  as 
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watei-borne  sewage  has  been  introduced.  Formerly,  people  were  satisfied  with 
flap-traps  but  they  reqmred  such  heavy  weightia.g  that,  after'  the  subsidenc  of  tt 
waters,  the  flaps  dul  not  easily  open  to  permit  of  the  sewage  delivery  The  fir«t 
engineer  who  devised  a  trap  suitable  for  resisting  the  ini^ad  of  Waters  wat 
Mr.  R  Rawhnson,  C.B.,  and  this  was  in  1854.    It  was  by  means  of  a  rising  ball  tn 

^863  bv  Mr  7''  "''^  ^^^^  ''^^  J^o^  of  in 

1863  by  Mx._  Tenwick,  who  constructed  a  separate  chamber  with  a  floating  valte 

and  an  elastic  sea  mg.    In  more  modem  times,  Mr.  Young's  valve-chambe°s  wel! 

introduced  into  the  market,  and  combined  with  Mr.  Clarke's  improved  .ullies 

both  being  manufactured  in  Carlisle.    For  the  purpose  of  preventing^he  back^ow 


Fig.  274.— Back-flow  Trap. 


of  sewage  from  drains,  when  these  have  been  laid  in  low  situations,  and  subject  to 
flooding,  nothing  can  be  better,  and  they  are  indispensable  in  the  cases  of  cellars 
lying^  under  the  line  of  the  sewage  exodus.  The  value  of  this  particular 
contrivance  is  that  the  valve-chamber,  which  contains  the  copper  ball  and  chain 
Avith  india-rubber  hood,  can  be  connected  with  an  ordinary  gully  in  any  position, 
and  the  ball  is  so  adjusted  and  guarded  that  it  cannot  possibly  fail  to  find  its  proper 
seating.  Messrs.  J ennings,  of  Lambeth,  also  contrived  for  me  a  resistance-trap  of 
this  description,  and  it  has  succeeded  in  keeping  back  a  heavy  sea-water. 

It  may  be  useful  to  illustrate  and  explain  the  action  of  a  modern  valve-trap  of 
this  description,  and  I  therefore  furnish  at  Fig.  274  a  trap-chamber  complete,  fitted 
with  a  rigidly-hung  ball,  it  being  found  that,  under  certain  conditions,  a  chain  is 
liable  to  become  deranged.  The  action  of  this  trap,  which  is  manufactured  by. 
Mr.  F.  Dyer,  of  Camden  Town,  London,  is  as  follows  :  The  backwater,  after 
entering  the  outgo  pipe,  rises  in  the  chamber,  and  causes  the  ball  to  float  and  seat 
itself  firmly  upon  the  orifice  connected  with  the  house-delivery  pipes.  By  this 
means,  water  is  prevented  from  entering  the  house-drain,  and  the  greater  amount  of 
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''T;:  .a...  of  cou.se.  t.ese  traps  should  .e  t^^e 
the  flood  tat  several  days,  the  house-drarn  might  not  he  M.  to  a 
resulting  sewage,  in  which  case  rt  would  be  -"^f  J '"J^tces^^  when  the 
assist  in  emptying  the  drain;  and  this  would  ^^/^"ji'j  ^^ralong  with  the 
i-ain-water  from  the  roofs  and  courtyards  were  taken  into  the  dram  alon„ 

'"trfe^now  hroi&ht  the  practice  of  house-drainage  up  to  the  disconnection- 
chamta-rheyold  whic\  everytLg  becomes  a.  outfall  treatment.    But     would  be 


Fig.  275.— Field's  FhTsiing-tanlc. 

wise  to  interpolate  here  a  few  remarks  witli  regard  to  the  necessity  for  providing  a 
means  of  flushing  out  the  sewage-pipes,  and,  for  the  matter  of  that,  the  twin 
drains,  when  these  are  introduced— the  one  for  foul  wastes,  and  the  other  for  rain- 
water and  the  cleaner  wastes.  Such  flushing-apei-tures  should  be  provided  at  most 
of  the  junctions  or  manholes,  as  very  frequently  it  becomes  an  easy  matter  to 
introduce  a  hose  from  a  near-lying  hydrant.  It  can  readily  be  seen  that  even 
buckets  of  water  can  be  used  for  flushing  purposes,  always  provided  that  entrances 
into  the  drain  are  duly  arranged  for  at  the  head  of  the  drain.  The  best  way  of 
flushing  out  drains  is,  however,  on  the  automatic  principle,  where  a  tank  is 
provided  which  shall  periodically  deliver'  its  water  through  the  drain,  so  as  to 
sweep  every  obstacle  before  it.  There  are  many  contrivances  of  this  kind,  and  I 
have  used  many  of  them  with  advantage  ;  but  it  will  sufiice  if  I  instance  a  tank  of 
this  description,  for  use  either  below  or  above  ground,  which  will  discharge  20,  50, 
or  100  gallons  of  water  when  it  is  full. 

The  best  example  of  a  flushing-chamber  of  this  description  is  that  of  Mr.  Field, 
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made  by  Bowes,  Scott,  and  Eead,  of  Westminster;  and  illustrated  at  Fi.  276 
This  represezits  an  underground  tank,  in  which  a  syphon  is  fixed,  the  W; 
lunb  of  whxch  dips  into  the  water  below  the  tank,  winch  water  is  kept 
proper  level  by  the  wen-  marked  d.     In  this  case,  the  water-feed  is  from  a  tap 
at  E,  m  connection  with  some  convenient  cistern,  or  water-supply,  of  any  kind 
whatsoever;  and  the  merest  diibble,  so  to  speak,  from  the  tap  will  suffice  for  the 

The  action  is  as  follows  :-When  the  water  accruing  from  the  tap  e  rises  to  the 
top  of  the  longer  limb  of  the  syphon,  shown  by  the  dotted  line  E,  instead  of  running 
down  the  sides.  It  is  guided  by  a  throw-off  lip  at  the  top  of  the  annular  space,  and 
descends  clear  of  the  sides,  by  which  means  the  air  is  displaced,  thus  gradually  and 
with  certamty  forming  a  vacuum  in  the  discharging  limb,  thereby  starting  the 
syphon  A,  and  emptying  the  tank  b  by  way  of  the  discharge  c  over  the  weir  d 
This  flushing-tank  is  remarkably  useful  where  the  house-drains  are  very  flat' 
and,  when  properly  placed,  will  suffice  to  forward  the  sewage  to  a  great  distance^ 
inasmuch  as  the  discharge-pipe  can  be  made  of  any  diameter. 

I  AviU  furnish  further  on  a  more  lengthened  description  of  its  uses  when 
dealing  with  irrigation-matters.  Mushing-tanks  serving  the  same  purpose  are 
manufactured  in  other  parts  of  the  country ;  and  in  Ireland,  that  of  Maguire  has 

met  with  consider- 


able commendation. 
To  Mr.  Pield,  how- 
ever, is  due  the  con- 
ception of  the  annular 
syphon,  draAvn  as 
above,  which  com- 
bines the  certainty  of 
action  in  a  minimum 
of  space. 

In  order  to  indi- 
cate the  beneficent 
action  of  these  self- 
acting  and  periodi- 
cally-delivering flush- 
ing-tanks, which  re- 
quire no  attention 
whatsoever,  and 
which  discharge  their 
contents  every  time 
they  are  full,  I  give 
FiS'STB.  at  Pig.  276  a  block 

plan,    of    a  house 

showing  three  such  automatic  flushing-tanks.  For  instance,  A  may  represent 
an  underground  tank,  receiving  the  wastes  from  housemaid's  sinks,  baths, 
and  lavatories ;  b  may  represent  the  collections  from  certain  ground-floor 
sinks  and  rain-water  pipes;  and  c  may  represent  a  tank  intermittently  filled 
with  laundry  discharges.    When  these  tanks  are  full,  the  whole  of  the  drains  on 
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 "  \     \     .  ihe.  disconnection-cliamber  at  D  will  be 

their  Une  of  n,a,-ch  will  be  kept  'i'^'-'^^^^Ztly  benefited.  It  should  be 
kept  well  flushed  0.^.  ^   *f  ^ly  "oSould  be  led  into  these  fiusMng- 

rr :t       -  -  £  tr L:r  t:r it<r  LZb: 

Srorrie  ^.d  at'the  t„p  .  the  house.  .0  as  to 

cleanse  out  the  upright  soil-pipes  as  well. 
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CHAPTER  LXVI. 

DEAINAGE  MEMORANDA. 


The  Drainage  of  Stables— Closed  TTnderEn-nnTiri  -p;^      t      o  . 

STABLE-DRAIIfAGE,  ETC 

to  sa,  tHat  on  no  account  sw/tL^  :S  fnloTe  wJ^^^ 

the  d:.scon..ectxon-chan.ber,  because,  if  this  be  done,  the  smells  pi  iar  tTstabr 
lung        traverse  the  house-drain.    There  would  b;  no  harm  inlalt  the  stable 

XrfrTsh  atis  tT  ^^"^^  '^'^^        disconnection  cLmb^ 

wiiere  tresh  air  is  taken  m  to  the  house-drain.    Even  then,  however  the  stables 
shonld  be  disconnected  from  the  drain  by  any  of  the  many  intercepting  or  d  scon 
.  nectmg  traps  now  in  the  market,  and  the  head  of  the  stable-drain  shorxld  brdulv 
ventilated  by  a  pipe  led  to  the  roof.  ^ 

choiorS'  'T''  ""''yr^'^^  *°  ^  «t-ble  should  be  drained.  Some  make 
cW  of  underground  pipes,  with  horse  and  mare  pot  traps,  a^d  with  a  central 
gully  to  receive  the  swillnig-water ;  and  others  prefer  the  iron  surface  channels 
manufactured  by  the  various  founders  of  stable-fittings.  These  last  mentioned 
perform  admirable  service  when  they  are  kept  clean,  but  the  slightest  slovenliness  in 
the  character  of  the  groom,  and  any  neglect  of  cleansing  out  these  iron  gutters, 
wiU  result  m  a  filthy  condition  of  the  channels,  which  Avill  make  itself  felt  to  the 
detriment  of  the  animals. 

One  of  our  most  eminent  owners  and  breeders  of  horses  had  in  his  lar-e 
country  establishment  the  Avhole  of  his  stables  drained  with  iron  open  channels  with 
movable  coverings  in  sections;  but  he  has  lately  caused  these  to  be  removed,  and  has 
laid  down  simple  stone  surface  channeling,  entirely  on  the  score  of  cleanliness.  And 
there  can  be  no  doubt  that  the  washing-out  of  these  open  channels  daily  into  the 
gully  outside  the  stable  door,  which  is  in  communication  with  the  drain,  is  the 
simplest,  cheapest,  and  cleanliest  fashion  extant. 

As  with  the  stables,  so  with  the  piggeries— for  it  is  not  unusual  to  find  these  not 
far  removed  from  the  stables— the  same  rule  as  to  the  necessity  for  disconnection 
especially  holds  good;  and  if  there  be  a  liquid-manure  collection  for  garden  use  from 
the  stables  and  piggeries,  &c.,  a  disconnection-trap  between  becomes  an  imperative 
necessity,  as  does  also  the  ventilation  of  the  tank  itself  in  some  suitable  mamier. 

The  same  law  would  hold  good  with  regard  to  heneries,  or  any  place  where 


tnanure  is 


into  the  drain.  nv„„o  «1nniilrl  be  perfectly  water-tight, 

The  floors  of  aU  these  accessory  '^^^f  f^^^^  ^n^^.i,^  ^ith  a  cistern 

supplied  with  a  tap.  to  which  a  hose  can  attached  -          «  ^ 

placed  at  as  high  an               as  possible  The  ^^^^^^^^^                 Le  as  subject  to 

.xcess  of  what  xs  really  ^^^^f^^^'fJZeZ  l  stable  or  piggery  should  be  as 
filthy  diseases  as  men,  and  that  the  drainage  oi  ^  dwelling 
perfect,  at  least,  as  the  drainage  of  a  courtyard  or  area  of  a  dwelling. 

GENERAL  RULES  REGARDING  HOUSE-DRAINAGE. 

The  c^eneral  rules  which  should  guide  the  laying-down  of  house-drains  may  be 

^"l^-Z:^:^  --t  importance  to  secure  a  solid 

bed  alTwLn  once  the  gradient  has  been  chosen,  a  belt  of  concrete  some  thx.e  or 
f      rchel  m  thickness,  Should  be  laid  down  at  the  bottom  of  the  trench,  and  the 

When  Sr;^es  have  aU  been  laid  upon  this  concrete  bed,  every  joint  carefuUy 
luted  in  cement  they  should  be  tested  for  soundness  by  filling  them  with  water. 
TMs  4at  rlst  sho.dd  not  be  proceeded  with,  however,  until  the  cement  has 
L^LI  t  orougbty  set.  If  it  becomes  necessary  to  cover  the  pipes  quickly,  then 
soTother  method  of  testing  should  be  resorted  to,  such  as  the  smoke,  the  burning 

'^J^^^^.ro...  to  be  thoroughly  sound,  they  should  be 
.covered  over  with  a  few  inches  of  concrete  in  all  cases  where  they  pass  through  the 

^"""where  house-di-ain  pipes  pass  through  the  walls,  it  is  wise  to  turn  a  reUeving- 
arch  over  them,  free  of  the  pipes,  in  case  any  settlement  should  take  place  m  the 
building ;  for  should  this  occur,  the  pipes  wHl  crack,  and  a  consequent  leakage  take 

place  with  dangerous  results.  ,      ,       ^  .1 

All  pipes  chosen  for  house-ckains  should  be  of  the  glazed  order  of  earthenware 
pipes,  and  all  porous  pipes  should  be  avoided.    Pipes  without  sockets  should  on  no 

aiccount  be  used.  .       ,    ,1     \x  i  a 

When  junctions  are  laid  down,  preference  should  be  given  to  the  Y-shaped 
junction,  and  right-angled  junctions  should  be  avoided.  Junctions  and  bends, 
when  fitted  with  inspection-covers,  are  to  be  preferred.  ^       .  • 

It  is  very  desirable  to  provide  inspection-chambers  along  the  Ime  of  dram, 
and  especially  at  all  sharp  curves  and  junctions,  so  as  to  allow  the  passage  of 
a  jointed  rod  from  one  to  the  other,  should  it  become  necessary.  A  set  of 
these  rods,  making  up  at  least  fifty  feet  in  length,  with  the  usual  fittings,  should 
always  be  on  hand  at  a  country  house.    (See  Fig.  249,  p.  623). 

Wherever  dummy  junctions  have  been  put  in,  with  a  ^^ew  of  providing  for 
a  future  limb  of  drain,  care  should  be  exercised  to  close  up  the  end  of  the 
junction  with  a  proper  disc  solidly  jointed. 

It  is  wise  to  give  a  small  extra  dip  whenever  a  bend  or  junction  occurs  in 
•the  length  of  the  drain,  in  order  to  counteract  the  effect  of  friction. 

When  a  diminishing  pipe,  as  it  is  called — for  instance,  one  taking  a  nine- 
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^^^^^ 


mch  drain  into  a  six-inch— the  proper  tapered  ning'  marlA  fr^r. 
always  be  nsod.    ^  other  tr^.ent  ^^11  S  TntVl^^  'TT 
large-sized  dram  should  never  be  taken  into  a  smaller  one   bn/  r   •     ,  • 
pipes  from  large  to  small  will  be  found  convenient  whe"  Lterpol.  ""'1"""' 
say,  for  instance,  at  the  disconnection-chamber  "^teiposing  a  syphon. 

It  should  be  a  general  instruction  that  syphons,  •  wherever  placed,  should  be 

a  size  smaller  than  the  pipes  in  front  of  and 
behind  them.  For  example,  if  the  drain  be 
nine  inches  in  diameter,  the  syphon  should 
be  SIX  inches.  This  rule  may  be  relaxed 
m  some  instances,  in  the  case  of  six-inch 
pipes. 

Entrances  into  the  drain  in  the  floors  of 
basement-rooms  should  always  be  avoided, 
or  if  they  must  be  provided— as,  for  in- 
stance, beneath  the  hot  water  draw-off  of  a 
kitchen-jamb  or  dairy  or  laundry  floor- 
then  such  traps  should  be  in  connection 
with  another  disconnection-trap  somewhere 
in  the  open  air.  These  traps  should  be 
small  gully-traps,  or  lip-traps,  and  never 
bell-traps. 

It  is  considered  a  wise  provision  tO' 
insert  a  flap-trap  at  the  end  of  the  house- 
drain  where  it  enters  the  sewer.  Should 
the  outfall  of  any  drain  from  the  house 
terminate  in  the  open,  it  should  be  pro- 
tected from  rats,  &c. 

In  many  houses,  owing  to  the  want  of 
open  spaces  at  the  back  part  of  the  house, 
where   the  various  sewers  requiring  it 

could  be  disconnected  in  the  open  air  

such  as,  for  instance,  sinks  and  rain-water 
pipes— it  is  sometimes  found  desii-able  to 
lay  down  a  t^vin  drain,  one  removing  the 
closet   excreta  and  perhaps  the  scullery 
grease,  and  the  other  the  cleaner  wastes 
from  baths,  lavatories,   and  house-sinks. 
Fig.  277  shows  a  house  so  treated.  Here 
it  would  be  manifestly  imprudent  to  take 
the  waste  of  the  butler's  and  housekeeper's 
sinks  at  A  A  and  e,  the  rain-water  descend- 
ing at  B,  and  the  bath-water  descending 
the  pipe  at  c  into  the  soil-drain,  which  is 
marked  by  the  thick  line,  because  all  these 
services  would  then  be  in  direct  communication  with  the  drain.    It  becomes  neces- 


Fig.  V7.— Twin  Drains. 


sary,  therefore,  to  provide  a  place  where  these  can  empty  themselves  into  a  gully 
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before  entering  the  drain  removing  the  closet-soil.  In  the  house  which  I  sketch, 
the  only  available  place  for  disconnection  is  in  the  front  area,  at  the  gully  f; 
and  in  such  a  case  as  this  a  twin  drain  is  desirable,  laying  it  alongside  the 
other  at  its  proper  level,  and  raising  it  up  sufficiently  high  where  it  must  cross 
the  soil  drain-pipes.  It  would  not  be  wise  to  lay  one  pipe  on  the  top  of  the 
other  all  along  the  route ;  but  the  cleaner  wastes-drain,  which  is  marked  by  the 
dotted  line,  should  be  laid  at  a  higher  level  than  the  soil-drain,  and  this  is 
almost  always  possible. 

It  may  here  be  remarked  that  the  twin  drain,  removing  the  bath,  sink, 
and  rain-water  wastes,  should  not  deliver  direct  into  the  disconnection-chamber 
at  H,  because  that  would  not  be,  properly  speaking,  in  the  open  air,  although 
there  would  be  an  inlet  of  fresh  air  into  the  chamber.  By  causing  it  to  deliver 
into  the  area-gully  first  of  all,  before  it  enters  the  disconnection- chamber  at  H, 
a  perfect  disconnection  is  achieved. 

It  will  be  noticed  in  this  example  that  the  grease  and  cabbage-water  from 
the  scullery  sink  at  G,  and  the  soil  descending  the  soil-pipe  D  (which  pipe  is 
ventilated  the  full  sectional  area  up  to  above  roof),  all  enter  the  disconnection- 
chamber  at  H  before  passing  through  the  vaults  to  the  sewer ;  and  it  will  be 
seen,  moreover,  that  the  servants'  closet  at  J,  situated  in  one  of  the  vaults,  is 
made  to  enter  the  discoimection-chamber  as  well,  so  as  to  give  the  whole  of 
the  house  the  benefit  of  the  severance  from  the  sewer.  In  these  venti- 
lating-pipe  would  almost  be  required  to  the  end  of  the  drain  at  G,  and  the 
flushing  arrangement  of  the  servants'  closet  at  J  should  be  rendered  a  powerful 
and  automatic  one,  in  order  to  keep  the  syphon  of  the  disconnection-chamber 
thoroughly  clean. 

It  is  very  desirable  that  every  residence,  large  or  small,  should  be  disconnected 
from  the  drain  in  some  of  the  methods  shown  in  the  chapter  treating  upon 
disconnection,  and  an  efficient  influx  of  fresh  air  should  be  allowed,  either  by  an 
open  horizontal  or  perpendicular  grating,  or  a  mica  valve  inlet.  A  corresponding 
outlet  for  the  air  introduced  should  be  provided  at  the  end  of  each  ramification 
of  the  drain. 

When  it  becomes  necessary  to  lay  down  a  syphon  in  a  line  of  drain,  the  pattern 
having  a  pipe  rising  from  the  centre  of  the  syphon  should  always  be  avoided,  and 
preference  given  to  a  pipe  which  has  an  access  aperture  at  the  beginning  of  the 
trap  and  a  raking-pipe  beyond. 

When  laying  down  the  drains,  outside  the  house,  in  the  neighbourhood  of  trees 
or  a  shrubbery,  the  utmost  possible  care  should  be  taken  with  the  jointing ;  in  fact, 
quite  as  much  care  as  with  the  drains  in  and  around  the  house,  because  the  roots  of 
the  plants  in  the  search  for  water  will  otherwise  certainly  find  their  way  into  the 
pipes,  quickly  causing  a  retardation  of  the  sewage,  and  finally  completely  stopi)ing 
up  the  drain.  Pipes  laid  under  these  conditions  should  be  especially  well  protected 
by  the  composition  I  have  described  in  my  former  chapter  on  Drain-pipes  and  mode 
of  laying  same.    (See  p.  620.) 

Pipes  which  constitute  a  soil-drain  should  never  be  jointed  with  clay,  but  "with 
cement.  Where,  however,  they  run  through  perfect  clay,  this  may  be  allowed  ;  but 
under  no  conditions,  inside  or  around  the  house,  should  anything  but  cement  jointing 
be  permitted,  with  the  usual  rule  of  surrounding  by  concrete  the  pipes  laid  indoors. 
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Whenever  it  is  possible  to  avoid  it,  drains  should  never  be  laid  down  inside  a 
house,  and  the  deliveries  of  metal  pipes  into  the  earthenware  pipes,  even  when  the 
drains  are  laid  outside,  should  be  made  outside  the  walls. 

The  site  of  a  house— that  is,  the  space  enclosed  by  the  walls  of  the  house-should 
be  under-drained  so  as  to  make  certain  against  any  lodgment  of  subsoil-water  and 
the  floors  of  the  basement  afterwards  concreted.  This  subsoil-water  should  never 
be  led  into  a  soil-drain;  neither  should  the  waters  of  the  areas  around  a  house 
Where,  however,  there  is  no  help  for  this,  then  these  drains  should  be  disconnected 
from  the  drain  by  interposing  a  suitable  gully. 

On  no  occasion  should  the  overflow  of  any  weU  or  rain-water  tank  be  con- 
nected directly  with  a  drain.    Disconnection  is  here  an  imperative  necessity. 

In  re-laying  the  drains  of  an  old  house,  where  brick  drains  obtain,  the  whole  of 
the  brickwork  should  be  removed,  together  with  all  sodden  earth,  and  fresh  gravel, 
or  other  cleanly  material,  thrown  in  their  place,  and  well  rammed  down.  On  no 
occasion  should  the  bottom  of  the  old  brick  drain  be  left  in,  or  even  the  sides. 
When  removing  the  latter,  and  where  the  brick  drain  is  below  the  footings  of  the 
main  walls,  care  should  be  taken  to  shore  up  or  underpin.  ° 

When  the  disconnection-chamber  between  the  house-drain  and  the  sewer  must 
perforce  be  inside  the  house,  it  should  be  covered  with  a  stone  and  ring,  and  the  air- 
inlet  brought  from  the  nearest  open  space ;  and  when  the  drain  is  sufficiently  deep, 
and  near  to  an  open  space,  a  side  entry  should  be  made  into  it.  Wherever  possible, 
however,  means  should  be  contrived  to  bring  it  outside.  For  instance,  the  soil-drain 
marked  by  the  black  line  in  Fig.  277  formerly  ran  in  a  line  from  k  to  L,  and  in  order 
to  get  the  disconnection-chamber  out  in  the  open  area  it  was  fixed  where  marked  at 
H,  and  a  new  entry  into  the  sewer  was  eflected  from  m.  Sometimes,  however, 
when  the  sewer  is  a  long  distance  from  the  house,  it  might  be  advisible  to  lead  the 
outgo  of  the  chamber  at  h  back  to  the  sewer  at  l,  by  way  of  an  easy  bend. 

Where  the  size  of  the  house  calls  for  a  grease-intercepting  chamber,  these 
should  be  placed  outside  the  house,  in  an  open  space,  wherever  it  is  possible  to  do 
so.  If,  unfortunately,  such  a  provision  must  be  made  inside  the  house,  the  " 
chamber  should  always  be  ventilated  in  some  manner,  and  covered  with  a  stone 
and  ring.  When  iron  manhole-flaps  are  laid  down  in  place  of  such  stones,  care 
should  be  taken  to  see  that  they  are  absolutely  air-tight. 

It  may  be  held  to  be  always  possible  to  j^rovide  a  means  of  flushing  out  the 
drains.  For  instance,  with  a  small  cottage,  the  rain-water  could  be  caught  in  a 
barrel  placed  above  a  gulley,  and  fitted  with  a  standing  waste,  which  could  be 
removed  when  it  became  advisable  to  cleanse  the  drains.  Certain  cisterns  could  be 
dealt  with  in  a  similar  manner  in  the  cases  of  medium-sized  houses.  For  larger  estab- 
lishments, a  flushing-chamber,  such  as  shown  at  Fig.  275,  would  be  used  with  advantage. 

Where  the  drains  of  a  house  or  cellar  are  subjected  to  tidal  influences,  or  back- 
water from  a  pond  or  river,  it  would  be  wise  to  make  use  of  such  a  ball- valve  as  is 
given  at  Fig.  274.  Care  should  be  taken  to  obviate  any  evil  due  to  a  compression 
of  the  gases  in  the  drain  by  breaking  the  connection  between  the  drain  and  the 
high- water  line,  by  meaias  of  a  ventilating-pipe. 

Pipes  conveying  rain-water  from  the  roof  should  never  be  made  use  of  for 
ventilating  drains,  but  should,  on  the  contrary,  be  disconnected  at  the  foot,  and 
made  to  deliver  in  the  open  air  over  a  proper  gully. 
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Gas  and  water  pipes  should  not  be  laid  in  the  same  trench,  or  alongside  any 
drain-pipe,  becaiise  these  small  pipes  have  frequently  to  be  laid  Uxe,  and  this 
might  endanger  the  soundness  of  the  drain. 

The  waste-pipes  or  overflows  from  all  closet-trays,  bath-wastes  and  safes, 
lavatories,  cisterns  and  cistern-trays,  should  always  deliver  themselves  into  the 
open  air;  the  ends  of  safe-wastes  should  be  fitted  with  a  small  copper  flap,  to 
prevent  the  intrusion  of  cold  air. 

Soil-pipes  should  in  all  cases,  whenever  possible,  be  fixed  outside  the  house  ; 
and  where  the  architecture  demands  it,  these  pipes  may  be  of  ii'on,  with  properly- 
made  air-tight  joints.  When  they  are  compelled  to  remain  inside  the  house,  they 
should  be  formed  of  lead.  To  properly  ventilate  these  pipes,  they  should  be 
carried  up  the  full  diameter.  In  the  case  of  a  ground-floor  closet,  the  pipe  may  be 
reduced.  All  ventilating-pipes  of  this  description  should  be  taken  al:)0ve  the  eaves, 
and  where  there  are  dormer  windows,  or  ventilated  skylights,  they  should  terminate 
at  some  height  above  them.  These  pipes  should  not  be  placed  alongside  the 
chimney-stacks,  but  bent  away  from  them.  A  safe  rule  is  to  terminate  the  soil- 
pipe  six  feet  above  and  four  feet  distant  in  position  from  any  window,  placing  a 
finial  over  them,  to  keep  out  birds. 

Bell-traps  should  never  be  used,  D  traps  with  caution.  The  best  kind  of  trap 
is  the  syphon,  haAdng  an  access-trap  screwed  in.  It  may  be  taken  as  a  safe  rule, 
that  closets  should  be  fitted  with  lead  P  traps,  and  not  with  those  of  the  conventional 
D  form. 

Closets  should  be  confined  to  one  part  of  the  house,  and  built  over  each  other  as 
much  as  possible,  projecting  out  from  the  house.  They  should  never  be  permitted 
to  remain  in  the  middle  of  a  house :  for  instance,  at  a  staircase  landing  opposite 
bed-rooms,  imless  there  be  a  shaft  from  them  carried  up  to  the  roof,  or  some  other 
means  of  efficient  ventilation.  Whenever  possible,  fix  a  fresh-air  inlet-tube,  with  a 
corresponding  outlet  at  the  top  of  the  closet-room.  All  seats  and  risers  should  be 
so  fixed  as  to  come  readily  apart  without  the  use  of  the  screw-driver. 

Pan-closets  should  never  be  used  in  or  about  a  house,  and  almost  any  other 
closet  except  the  hopper  closet  will  serve  modern  requirements. 

Yalve-closets  having  flushing-rims  are  preferable  for  use  in  the  best  rooms,  and 
wash-out  closets  for  servants'  use.  No  closet  should  be  supplied  with  flushing- 
water  from  a  cistern  supplying  any  draw-off"  tap  at  any  sink,  except  a  disconnection- 
cistern,  with  separate  ball-cock,  be  provided  overhead  the  closet. 

Slop-closets,  for  the  reception  of  bed-chamber  slops,  should  be  provided  in  the 
larger  residences  where  room  can  be  found  for  them.  When  they  are  not  provided 
with  an  entry  into  the  ventilated  soil-pipe,  chamber-slops  are  always  thrown  down 
into  the  water-closet,  and  the  trays  underneath  are  frequently  flooded  Avith  foul 
liquids.    It  is  not  desirable  to  place  such  a  slop-closet  in  a  bath-room. 

It  should  be  taken  as  a  constant  maxim,  that  no  pipe  should  deliver  direct  into 
the  drain,  except  solely  the  soil-pipe,  taking  the  closet  and  slop  wastes.  Everything 
else,  without  exception,  except  there  be  a  grease-collector  to  the  scullery  sink,  should 
deliver  their  contents  in  the  open  air  over  a  proper  guUy.  And  it  is  a  m'atter  of 
recommendation  to  have  the  sink,  bath,  and  other  waste-pipes  of  that  description 
contmued  up  a  convenient  distance  and  left  open  at  the  top,  so  as  to  get  a  constant 
current  of  air  through  them. 
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Where  the  outfaU  of  the  drain  is  unavoidably  into  a  cesspool,  a  disconnection 
chamber  must  be  placed  between  the  house-drain  and  such  cesspool  coS  on 
Cesspools  can  only  be  permitted  with  safety  under  certain  conditions,  which  w  11  be 
explained  m  the  chapters  headed  Treatment  of  Sewa<^e 

When  a  disused  cesspool  has  been  discovered  in  or  around  the  house,  or  when  a 
cesspool  lately  xn  use  has  to  be  abolished,  consequent  upon  improvements  made  in 
the  dramage  the  whole  of  the  brickwork  should  be  removed,  as  weU  as  any  foul 
subsoil,  and  the  place  hlled  up  with  clean  ballast.  On  opening  up  an  old  dfsusec 
and  unventilated  cesspool,  care  should  be  taken  not  to  break  into  it  with  any  li^ht 
near,  as  violent  explosions  are  very  common  in  such  cases.  " 
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CHAPTER  LXVII. 

SEWAGE-DISPOSAL. 
Ancient  Methods  of  Sewage-Cesspools -The  Water-closet  SyBtem-Irrigation-Subsoil-irrigation. 

Haying  brought  the  reader  up  to  the  disconjiection-chamber,  which  separates  or 
should  separate,  the  house-drain  from  the  outfall,  it  now  becomes  necessary  to  dea 
%  the  outfail  itself  ;  but,  before  doing  so,  a  short  review  of  the  vanous  methods 
of  dealing  with  the  sewage  would  be  not  out  of  place. 

Where  communities,  large  or  small,  are  gathered  together,  whether  it  be  m 
towns,  villages,  mansions,  farms,  groups  of  cottages,  or  in  public  institutions,  there  ot 
necessity  the  question  of  sewage-disposal  forces  itself  on  the  attention  From 
very  remote  times  attention  was  given  to  this  question,  and  laws  laid  dmvn  tor 
ouidance  in  sanitary  matters  which  exist  to  this  day,  and  may  be  considered  as 
a  monument  of  wisdom.  Coming  down  to  the  Roman  period,  we  hnd  that  works 
of  sanitation  were  highly  considered,  and  that  great  sewers,  such  as  the  Uoaca 
Maxima,  were  inaugurated  even  by  emperors.  There  can  hardly  be  any  doubt 
that  a  people  who  were  so  careful  about  the  greater  works  would  also  be  caretui 
in  their  lesser  works  of  the  drainage  of  individual  houses;  and  we  know,  from  the 
remains  even  in  this  country,  how  the  Roman  villa  was  provided  with  special 
■drainage-arrangements.  In  mediaeval  times  we  find,  perhaps,  one  of  the  darkest 
periods  of  sanitation,  and  this  state  was  maintained  down  to  a  recent  period, 
and  pertains  even  now  in  some  countries.  It  were  foreign,  however,  to  the  scope 
of  this  article  to  inquire  into  the  method,  or  rather  the  want  of  method,  m  disposing 
•of  sewage  from  communities  at  any  special  period. 

The  state  of  the  sewage-question,  regarded  either  for  the  single  house  or  blocks 
■of  houses,  was,  down  to  a  late  period,  in  a  most  primitive  condition.  The  slop- 
waters  were  conveyed  by  wide  drains,  mostly  square,  and  leading  to  the  nearest 
watercourse,  and  the  old  privy-system  served  for  the  excremental  matters. 

The  history  of  such  a  river  as  the  Fleet,  or  River  of  Wells,  as  it  was  called,  from 
its  being  fed  by  so  many  wells  in  the  neighbourhood  of  Clerkenwell,  gives  a  very 
good  idea  of  the  early  sewerage-disposal  for  a  community.  This  once  bright  and 
sparkling  stream,  which  had  served  as  a  water-supply,  was  gradually  the  carrier 
of  all  the  sewage  for  the  houses  wliich  grew  up  along  its  course. 

This  befouling  of  the  watercourse  drew  attention  at  a  very  early  date,  for  we 
learn  that  the  monks  of  Whitefriars  petitioned  the  king  in  A.D.  1290  that  some 
measure  might  be  taken  to  restore  the  stream  to  its  pristine  condition.  This, 
however,  was  not  done ;  and  gradually  it  became  worse,  and  more  of  a  sewage- 
carrier  than  ever,  until  the  time  came  when  it  was  so  abominable,  owing  to 
the  sewage-waters  being  taken  into  it,  and  from  the  conveniences  overhanging  the 
river,  that  it  was  gradually  disused  for  navigation,  and  at  a  still  later  date  was 
arched  over  and  converted  into  a  sewer,  which  it  still  remains  even  to  this  day. 
This  sewage-nuisance  and  the  fouling  of  the  Thames  at  London  was  further  increased 
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the  „,outh°of  the  river^t  t  Air;r  CnTrtt^^^^^^^  London  down  toward^ 

This  disposal,  although  it  l,as  left  Lolir  °"      ™«>  «<ie. 

the  rive^  haL  nevertheless ^iv  n  rise  t  erior:: 

f:2Lr  -  -    -      ~  ^^^^^ 

pools  within  the  house  ofT..P      \      ""^'^  ^'"^^  «ess- 

of  London  in  the  bas^m^nT  and         7'^       7"  ^  '^^^^^ 

tne  oasement,  and  oftentimes  under  the  kitchen  flnnr  T),« 

flow  from  these  cesspools  was  allowed  to      into  the  t^.mZ  T  \  ? 

of  the  cesspool  was  to  retain  the  solid^^o'Ln     tC^^^^^^^^^  ^'^^"^ 

cesspool  was  full  another  shn„lrl   ho        i         ,  ^  "^^^^^ 

.eoeUles  are  discovered  L  onetnse  '  ^  ^''^^^  "^"^  °*  'l'- 

hat  the  Publxc  Health  Board  revealed  by  its  labours  some  of  the  salient  pointfof 

lenclered  possible  by  the  advocacy  of  glazed  earthenware  drain-pipes  which  were 
advocated  as  sewer-ducts,  especially  by  Mr.  E.  Chadwick  in  1840 

centu;rL!°Slhe  T-""*"^  «^  *he  present 

Manv  rb-ffi    U  ^lon  of  house-drainage  to  become  considerably  altered. 

Many  lifficul  ies  were  by  this  introduction  made  evident,  such  as  the  foul  .as 
brought  into  the  house  through  soil-pipes,  and  the  greater  bulk  of  sewage  to  be  del^ 

his  altered  condition  became  rapidly  filled  to  overflowing,  and  it  was  necessary 
to  construct  new  cesspools,  as  fast  as  the  other  ones  were  filled.    Porous  strata, 
such  as  the  chalk  districts,  the  new  red  sandstone  districts,  and  the  oohte  districts 
furnished  special  facilities  for  such  a  disposal  of  water-carried  sewage,  and  in  many 
towns  and  districts  this  is  the  principal  mode  of  disposal  obtaining  even  to  this  time 
In  some  chalk  districts-notably  in  the  Isle  of  Thanet^this  disposal  of  sewa-e  has 
been  the  cause  of  pollution  to  the  water-supply  of  the  district,  the  supply  "beina 
taken  from  wells  sunk  into  the  chalk.  ° 
Those  persons  who  have  been  engaged  in  examining  the  sanitary  conditions  of 
towns  and  villages,  and  even  of  detached  homesteads,  in  this  country,  know  what 
a  fearful  state  of  things  exists  respecting  sanitary  arrangements,  where  in  many 
cases  the  house-drains  and  overflow  of  cesspools  are  carried  by  unsuitable  con- 
duits to  the  nearest  brook  or  watercourse,  causing  in  the  summer  months  an 
intolerable  nuisance.    Cases  also  come  under  notice  where  homesteads,  mansions,  and 
towns  are  situated  on  elevated  positions,  with  beautiful  surrounding  district,  where 
everything  would  seem  f\ivourable  for  the  disposal  of  sewage;  but  nevertheless,  owing 
to  want  of  careful  consideration  in  these  matters,  they  are  the  homes  of  pestilence" 
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instead  of  health,  as  they  should  be  by  their  natural  position.  The  cesspool  from  the 
dwelling  often  occurs  in  dangerous  proximity  to  the  well  suiik  for  the  water-supply 
for  its  community,  the  cesspool  in  many  cases  leaking  through  into  the  well  whence 
drinking-water  is  obtained.  We  know  of  a  case  where  the  current  of  the  nnder- 
ground  water  striking  around  the  cesspools  of  the  house,  on  its  way  to  the  well  used 
for  the  water-supply  of  this  house,  gave  rise  to  a  serious  outbreak  of  typhoid  fever, 
showing  the  necessity  of  either  doing  av^ay  with  the  cesspool-system  in  this  particular 
case,  or  of  adopting  a  very  careful  position  for  such  cesspools. 

The  Rivers'  Pollution  Prevention  Act,  1876,  provides  that  no  rivers  or  streams 
shall  be  polluted  through  the  admission  of  crude  sewage,  even  from  the  existing 
sewers.    The  question  then  arises,  how  are  we  to  deal  with  the  sewage  of  towns, 
villages,  and  country  mansions  in  a  manner  so  as  to  be  inoffensive  1 — and  numberless 
plans  have  been  suggested  for  dealing  with  this  question.    We  have  schemes  for 
precipitation,  filtration,  irrigation,  and  numbers  of  others ;  and  it  has  often  been 
sta.ted  that  sewage  can  be  dealt  with  so  as  to  produce  a  profit  to  the  community. 
Experience,  however,  has  shown  that  this  is  entirely  fallacious ;  and  we  have  at  last 
come  to  the  conclusion  that  sewage  must  be  got  rid  of  from  our  habitations  and 
towns  at  once,  the  cost  being  only  of  secondary  consideration.     Sewage-farms  have 
been  in  operation  for  a  number  of  years,  but  few  have  been  able  to  show  any  profit. 
Sewage  applied  to  the  land  in  an  eflacient  manner  is  purified,  and  deposits  its 
polluting  ingredients  in  the  earth ;  and  the  effluent  water  may  be  passed  into  natural 
watercourses.    The  additional  volume  caused  by  the  admission  of  rain-water  and 
subsoil-water  into  the  sewers  has  caused  a  great  difficulty  in  dealing  with  the 
question,  especially  where  pumping  has  to  be  resorted  to.    The  most  successful 
cases  of  sewage-irrigation  have  been  those  on  what  is  called  the  "separate  system," 
where  the  quantity  of  sewage  to  be  dealt  with  remains  a  known  quantity.  The 
original  idea  of  admitting  rainfall  into  sewers  was  to  flush  and  keep  clean  such 
sewers ;  but  experience  has  shown  that  proper-sized  sewers,  laid  at  proper  flushing 
gradients,  are  best,  and  that  distinct  methods  of  flushing  must  be  adopted  at  the 
head  of  all  drains  and  sewers. 

The  separate  system  provides  a  distinct  system  of  drains  for  the  surface-waters 
and  for  the  sewage-water  proper,  and  the  work  of  the  engineer  and  sewage-farmer  is 
thereby  brought  within  control.  In  this  system,  the  sewage  goes  to  the  land,  and 
the  surface-water  to  the  streams  and  rivers.  Subsoil-drains  ha;ve  been  added  in 
many  town  drainage-systems,  and  around  many  mansions,  with  marked  effects  for 
good.  Cellars  and  areas,  which  were  formerly  flooded  in  times  of  rain,  have  been 
rendered  dry,  and  the  houses  thereby  improved. 


IRRIGATION. 

We  shall  have  occasion  to  consider  more  especially  the  question  of  dealing  with 
sewage  by  irrigation — either  surface-irrigation  or  by  subsoil-irrigation.'  It  has 
been  shown  by  experience  that  sewage  can  be  satisfactorily  purified  by  passing 
it  through  the  soil  with  a  sufficient  depth  to  act  as  a  filter.  In  many  places 
sewage  has  been  dealt  with  by  surface-action  only,  the  growing  vegetation  sufficiently 
purifying  the  sewage-waters  entering  at  the  outfall.  We  shall  proceed  to  describe, 
as  much  in  detail  as  possible,  how  the  sewage-farm  should  be  formed ;  and  we  may 
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here  remark  thaf  whether  it  be  sewage  from  the  tOAvn  nv  vill  "~ 
the  system  is  essentially  the  same,  the  only  diffe^nce  T^^^^^^^  ~^ 
necessary  to  be  carried  out.  °  ^^o^ks 

Various  systems  of  laying  out  the  land  for  sewaee-irricratioTi  I..,..  i 
and  are  known  generally  as  the  Ridge  and  FurrorfX^trcri      T  " 
and  the  Pan  and  Gutter  system.    !n  the  Eil^  anfrurr  ^  ^^^^^^^^^^^^^^  1^^' 
cbvided  into  ridges  and  furrows,  the  tops  of  the  Sdges  runZ's  Jat  "itt  th  "  " 
carriers.    In  the  Catch-water  system  the  sewage  i?  taken  i^r^caXs  InVlw 
mes,  the  sewage  running  along  the  higher  contour  carrier  graduaUy  fills  andCflo" 
he  hp  of  the  earner.    In  other  cases  the  sewage  is  turned  at  certain  points^  o  t^^ 
lower  contour  earners,  and  so  diverted  to  the  portion  of  laud  required  to  be  "rea  d 
w.th  he  sewage.    The  carriers  maybe  constructed  either  of  cU-et    o   e  rh^v 
ware  half.pxpes,  and  in  some  cases  the  sewage  may  be  taken  direct  into  canTe  ^ 
formed  xn  the  soil  itself,  merely  turfing  the  Up  of  the  carrier.    The  last  plan  hi 
been  found  to  succeed  very  well  in  some  places,  and  has  the  advantage  that  the  land 
may  be  ploughed  up  m  any  direction  without  fear  of  disturbing  carriers  of  more 
permanent  construction. 

A  very  important  matter  in  most  irrigation-schemes,  especially  where  the 
subsoil  water-line  is  high,  is  the  question  of  under-drainage.    These  under-drains 
are  usually  laid  at  about  a  depth  of  four  feet  from  the  surface,  in  such  a  way  as 
to  divide  the  land  into  about  equal  areas.     In  all  systems  of  under-drainac^e  we 
have  artenal  drains  and  cross  drains  laid  in  parallel  lines.      The  subsidiary 
drams  are  laid  with   agricultural   pipes  of   two  inches  in  diameter,  and  the 
artenal  drains  may  be  of  any  requisite  size.      Proper  inspection-wells  are  also 
constructed  on  many  pomts,  so  as  to  inspect  from  time  to  time  the  run  of  water 
The  land  most  suitable  for  irrigation  is  that  with  a  gentle  slope,  and  the  soil  most 
suitable  IS  of  a  light,  open  nature.    Impervious  lands  cannot  be  treated  with  large 
quantities  of  sewage  without  most  careful  attention  to  the  question  of  unde°r- 
drainage,  for  although  sewage  is  purified  to  a  large  extent  by  surface-action  on 
impervious  soils,  yet  in  winter-time  it  does  not  seem  that  the  mere  passing  sewage 
over  the  land  causes  the  desired  purification.    To  manage  sewage-farms  with  success 
It  is  found  advisable  to  have  a  piece  of  fallow  land,  so  that  sewage  may  be  turned 
on  to  it  sometimes  when  the  other  lands  have  been  fully  dosed.    Perhaps  the  most 
difiicult  point  requiring  attention  is  to  deal  with  the  sewage-sludge  from  the  tanks 
in  a  manner  which  shall  be  inoffensive,  and  various  means  have  been  suggested  for 
accomplishing  this  purpose.    On  a  small  farm,  perhaps,  the  readiest  way  of  dealing 
with  this  sludge  is  to  dress  a  portion  of  land  with  it  which  does  not  readily  come 
under  the  irrigation  on  account  of  the  level.    It  may,  in  many  instances,  be  found 
necessary  to  disinfect  the  sewage-sludge  and  the  tank  which  is  being  emptied.  In 
some  places  it  has  been  found  advisable  to  cover  the  sewage-tanks  with  an  open 
louvi-ed  roof,  to  avoid  any  nuisance  arising  from  them;   but  in  the  country 
districts  the  tanks  are  generally  left  open. 

That  sewage-farms  and  irrigated  lands  are  not  injurious  to  the  health  of  the 
neighbourhood  adjoining  has  been  abundantly  proved.  Perhaps  no  better 
illustration  could  be  giA^en  on  a  large  scale  than  at  the  Beddington  Farm,  Croydon ; 
and  it  is  not  too  much  to  say  that  the  value  of  manurial  ingredients  in  sewage  can 
only  be  utilised  effectually,  either  by  broad  irrigation  or  irrigation  combiiied  with 
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intermittent  clo™-cl  filtration.    Irrigation  has  been  caj^d  ^J^^J:^ 
l^undred  years  at  the  Craigentenny  Meadows,  near  Ed^^^urgh,  ajid^he 
a.  fit  to  receive  sewage  at  the  present  time  as  it  was  at  first.    We  may  a  so  reie 
I'la^Xs  result!  produced  near  Paris,  where  a  Yr:t^t^^::^k^: 
been  turned  into  a  vast  garden,  producing  flowers  and  fruit  for  the 
iTorre  to  make  a  sewage-farm  workable  and  profitable,  storm-wa  ers  and  subso  1- 
waters  should  be  kept  out  of  sewerage-systems.    We  thus  have  a  ^-o-  « 
of  sewage  to  deal  with,  instead  of  being  flooded  in  times  of  ram;  and  there  is  the 
farther  "advantage  of  the  sewage  being  more  concentrated. 


SUBSOIL-IRRIGATION. 

The  disposal  of  liquid  sewage  by  subsoil-irrigation  wiU  recommend  itself  in 
many  instances,  o^ving  to  the  peculiar  facHities  it  afi-ords  for  disposing  of  sewage- 
matter  without  nuisance.    There  are  many  cases  where  open  irrigation  m  close 
conti-niity  to  mansions  or  dweUings  might  be  exceedingly  objectionable   and  m 
such°cases  subsoU-irrigation  appears  to  supply  a  means  of  dealmg  with  a  very 
difficult  question.     Subsoil-iiTigation  came  prominently  forward  in  the  attempt 
to  deal  with  the  difficulty  of  slop-nuisance.     By  the  term  "  slop-nuisance,  we 
mean  the  whole  Uquid  refuse  of  the  household,  including  sink-water,  slop-water, 
laundry-water,  &c.     The  dry-earth  system,  as  devised  by  the  Rev.  Henry  Moule, 
M  A   vicar  of  Fordington,  Dorsetshire,  dealt  successfully  with  the  excrement  or 
solid  part  of  the  sewage-difficulty,  and  this  dry-earth  system  will  be  referred  to 
in  another  section.    Among  the  attempts  at  dealing  with  the  slop-nuisance  arising 
from  cottages,  we  may  mention  one  at  Holton,  Buckinghamshire,  where  the  slops 
are  conducted  by  a  drain  to  a  small  water-tight  receptacle  in  the  garden,  and  from 
this  receptacle  they  are  ladled  from  time  to  time  for  distribution  over  a  garden. 
The  cottages  are  provided  with  earth-closets,  and  each  cottage  has  attached  to  it  a 
small  piece  of  garden-ground.    It  is  found  that  the  manure  from  the  earth-closets 
and  that  from  the  slop-disposal  can  be  all  utiUsed  on  the,  garden-plots. 

At  the  cottages  of  the  Industrial  Aid  Society  at  Hereford,  sub-irrigation  was  used 
for  the  disposal  of  slop-water  in  the  following  manner.  Sub-irngation  drains  were 
laid  with  small  catch-pits  at  intervals  3  it  was  found  that  the  slop-water  did  not 
penetrate  to  any  distance  into  the  ckains ;  the  porous,  loamy  soU  readily  absorbed 
the  liquid.  The  Rev.  Henry  Moule  has  carried  on  some  experiments  at  his  house 
for  the  disposal  of  the  liquid  refuse  of  the  household  in  the  following  way.  The 
refuse  flows  to  a  catch-pit  in  the  garden,  and  has  an  overflow  to  a  sub-irrigation  drain  ; 
the  garden  is  cultivated  by  alternate  cropping  ;  fresh  slops  ladled  from  the  catch- 
pit  are  distributed  to  the  garden  cbily,  being  the  only  manure  used.  Mr.  Moule  is 
of  opinion  that  the  Hquid  refuse  of  a  family  of  seventeen  or  twenty  persons  can  be 
profitably  used  on  twenty-five  perches  of  garden,  as  many  as  three  or  four  crops 
being  grown  yearly. 

Later  experience  has  proved  it  to  be  possible  to  deal  with  the  whole  of  the  sewage- 
matter  from  a  community,  including  not  only  the  slop-water  but  the  excremental 
matter  of  water-carried  sewage,  by  the  sub-irrigation  principle. 

The  method  of  sub-irrigation  as  applied  to  groups  of  cottages,  or  mansions,  or 
homesteads,  received  great  impetus  by  the  invention  of  the  flush-tank  by  Mr.  Rogers 
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cLarg«I  into  °the  Bub  JrrigatiordLb  f  1^^^^^    f"'  ^  «  ™ 
along  such  drains,  so  that  it  wffi  reS  be  se™  !   f    ,       ^  ''"^  ""^ 
ground  near  the  discharge  of  the  e  ved  an!  t 

which  the  underground-drains  becTrie  "p  I  eSef  ut 'Tt."' 

however,  of  the  flush-tnnV  if  1...  •  7'^  ciiokecl  up.    By  the  introduction, 

tan.  eonWaw'g:,,  :::d7;*e::s':^a\t;  'r='' ^ 

charge  the  whole  contents  instantaneo,„lv  tI,  self-acting  syphon  to  dis- 

subsoil-drains  for  a  considerabL  Srce''  "  °' 
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CHAPTEE  LXYIII. 

SEWAGE. 

Old-fashioned  Cesspools-Eestrictions  regarding  their  Adoption,  and  Way  to  g-^^^*^^^^^^^^^^^ 

ception  of  Solids-Overflows-Flush-tank-Sub-irngation  on  a  ^^^^  .^^^/'g/^Ygt-Examples 
E^imples-Large-sized  Flush-tanks,  with  Strainers-Osier-bed  Treatment  of  Sewage-Jix  p 
of  Sub-irrigaAion. 

There  can  be  no  doubt  that  wliat  are  now  termed  cesspools  have  existed  from  the 
earliest  times,  and  were  used  for  the  collection  of  liquid  wastes  long  before  the 
introduction  of  the  water-closet.  When  the  latter  appeared  upon  the  scene  the 
cesspool  became  an  absolute  necessity  in  very  many  cases,  and  the  practice  of  making 
use  of  cesspools  has  continued  up  to  the  present  day,  to  the  great  detriment  of  health. 

Very  often,  before  the  house  was  built,  the  site  of  the  cesspool  was  previously 
fixed  upon,  as  being  the  most  important  matter.  In  choosing  a  locality  for  a  house 
preference  was  given  to  a  sloping  bank,  wHch  would  allow  of  an  overflow  into  some 
running  stream,  quite  regardless  of  the  pollution  of  the  water.  But  it  is  not 
uncommon  to  find  cases  where  the  house  was  built  first,  and,  for  want  of  a  suitable 
fall,  the  cesspool  dug  out  inside  the  house.  This  was  the  case  especially  m  large 
mansions  with  ample  cellarage-room,  and  I  have  discovered  and  removed  as  many 
as  eighteen  cesspools  in  one  mansion.  The  rule  seems  to  have  been  that,  when  one 
was  f  uU,  another  must  be  provided.  Generally,  these  clustered  cesspools  communi- 
cated with  each  other,  especially  when  they  were  grouped  around  the  foot  of  a  soil- 

Without  doubt,  the  earliest  form  of  a  cesspool  was  simply  an  excavation  in  the 
earth,  where  the  liquids  were  left  to  soak  away,  and  the  solids  to  disintegrate. 
Cesspools  of  this  description  are  still  dug  every  day,  even  now,  in  geological  strata 
permitting  of  the  ready  absorption  and  dispersion  of  the  wastes.  I  have  no  doubt 
that  hundreds  are  being  dug  at  this  very  moment  in  the  chalk  formation  alone. 
It  is  a  matter  of  notoriety  that  the  cesspools  in  the  chalk  are  to  be  accounted  the 
best,  inasmuch  as  the  liquids  drain  readily  away,  and  the  solids  speedily  disappear. 
And  so  much  stress  is  laid  upon  the  adaptability  of  the  chalk  for  cesspool  purposes, 
that  a  rule  is  generally  laid  down  to  the  eff^ect  that  these  cesspools  are  not  to  be 
cleaned  out,  inasmuch  as  when  once  the  sides  are  touched  or  scraped,  the  fissures 
through  which  the  hquids  escaped  become  filled  up,  thus  transforming  the  cesspool 
which  gave  no  trouble,  into  one  which  required  to  be  periodically  cleaned  out. 

When  experience  had  proved  that  it  became  dangerous  to  deal  with  a  hole 
merely  dug  in  the  earth,  on  account  of  the  consequent  fouling  of  the  surrounding 
subsoil,  which  formed  the  water-collecting  medium  for  the  drinking-water  of  the 
house,  the  cesspool  was  then  built  around  in  such  a  manner  as  to  render  it  water- 
tight. Sometimes  overflows  were  provided,  and  where  these  were  not  possible,  the 
liquids  were  baled  or  pumped  out  as  occasion  required.  It  cannot  be  doubted  that 
the  value  of  such  sewage  was  appreciated,  and  that  in  farm-houses  the  rule  was  to 
throw  it  upon  the  land.    And,  doubtless,  this  liquid  manure,  derived  from  all  sources, 
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^vas  made  use  of  even  in  mansions,  at  the  gardens  and  other  places  thou^h^TTT 

thousands  of  our  countr,  houses,  their  IJyZLZl^:  ^^^^^^ 
oldest  resident.    Surmising  the  existence  of  these  cessnools   11..!  ?    .     ,  ^ 
days  before  I  discovered  them.    On  one  occasion  I  S  h      ^  ?T 
outside  the  .alls  of  a  residence,  and  the, a^^^Jfort^^^^^^^^^^^^      f  ^^^ll 
Z^^!^^:^  —  -  believed  that  L  .hole^f  ^h^ 

''.l'"''-^^  credible  but  I  can  assure  the  reader  it  is  so,  that  sometimes  when  a 
veil  xn  the  vxcxnxty  of  the  house  has  been  poisoned  by  sewlge,  in  order  to  enlthen 
the  penods  between  cesspool  emptyings,  the  old  weU  has  been  converted  into  a 
esspool,  and  a  new  one  dug  !  I  kxxew  a  cesspool  of  this  description  about  xSxety  L? 

situated  m  the  cha  k,  and  had  never  required  to  be  cleaned  out.  It  was  ventilated 
by  a  pxpe  up  the  side  of  the  hovise.    On  one  occasion  I  came  across  a  lar'e  r"  dete 

JU^ra^f  -^^^  ^f  the 

It  is  a  very  safe  thing  to  say  that  a  cesspool  collection  is  improper,  and  that  the 
evils  connected  with  it  are  many  and  serious,  unless  the  utmost  precautions  be 
taken.  The  usual  practice  has  been,  and  is  yet,  to  build  a  water-tight  cesspool, 
taking  the  overflow  into  the  nearest  ditch,  sometimes  only  providing  J  ventilatin^- 
pipe,  and  almost  invariably  taking  the  pipes  from  the  house  direct  into  it  Some- 
tunes  a  flap-trap  was  placed  at  the  end  of  the  pipe  inside  the  cesspool,  but  seldom 
was  any  disconnection  practised  between  the  tank  and  the  house.  In  consequence  of 
this,  the  broken  well-traps  in  the  floors,  the  untrapped  sinks,  and  the  closets,  especially 
when  the  handles  were  Ufted,  and  the  neighbourhood  of  all  these  services  in  the 
early  morning,  evinced  the  presence  of  the  foul  air  generated  in  the  cesspool;  and  to 
make  matters  worse,  the  drains  were  very  often  far  from  Avater-tight,  and  were  in 
most  places  not  free  from  deposits. 

Under  conditions  such  as  these,  a  cesspool  coUection  is  a  positive  pest,  even  in  the 
country;  but  when  it  occurs  in  a  town,  the  amount  of  danger  is  incalculable.  There 
are  in  London  yet,  thousands  of  houses  which  drain  into  cesspools,  and  have  only  the 
overflows  taken  into  the  sewer.  As  a  matter  of  course  aU  these  cesspools  should  be 
fiboUshed,  and  when  a  block  of  old  houses  is  pulled  down  in  a  city  Hke  Loudon, 
the  whole  site  should  be  ploughed  u]i  in  a  search  for  these  old  receptacles,  as 
otherwise  some  of  them  may  come  to  be  left  inside  the  walls  of  the  new  house. 

The  question  arises,  can  cesspools  be  made  use  of  under  any  circumstances  1 — and 
in  reply  I  would  venture  to  say  that  no  condition  of  things  can  justify  the  building 
of  a  cesspool  upon  the  old-fashioned  system.  It  can  only  be  necessary  to  provide 
one  at  all  when  there  is  no  other  way  of  dealing  with  the  sewage,  and  these  con- 
ditions are  rare.  When  a  cesspool  has  to  be  built,  it  should  be  at  the  farthest 
possible  distance  from  the  house,  the  house-drain  disconnected  from  it  by  some  one 
of  the  kinds  of  disconnection  previously  explained,  the  drain  between  the  discon- 
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„ection.cha.b«.  and  the  -spool  frec,uentl,  venaaM  -  ^  J^^y 

telf,  an  inlettrap  placed  just  boforo  tho  'J^f ^  *J  thT  cesspool  to  the 
other  prccantion  taken  to  prevent  the  passage  of  foul  an  trom  tne  p 

''"men  it  isincnmhent  upon  the  owner  of  a  residence  to  have  recourse  to  cesspool 
outfll  le  should  never  preLably  n,ate  chdce  of       ^S-ent  w^* 

rnrriacre  of  both  solids  and  liquids  to  the  cesspool.    It  is  bad  e^ou  n  _ 
t  itlWd  wastes  to  the  tank'  the  solids  should  be  »  ^fsS 

to  the  cesspool  by  any  suitable  arrangement  of  depositmg-platform,  and  these  sol.  s 
Irfd  be  collecLd  daily  and  covered  with  earth  for  future  garden  P-P<--  /  « 
nearer  the  house  this  can  be  done,  convenient  to  some  privacy  the  better  e 
Ta  -ement  will  work.  This  system  of  intercepting  solids  on  '^eir  way  o  he 
cesspool  is  fast  becoming  generally  prax^tised  at  country  residences.  I 
exTples  which  have  been  in  regular  working  condition  for  some  year.,  and  given 

°™?hf«es  connected  with  this  system  of  soHds-interception  on  their  way 

to  the  cesspool  are  many;  chief  among 
them  is  the  fact  that  the  cesspool  is  freed 
from  a  gi'eat  deal  of  deposit,  thus  render- 
ing it  easier  to  deal  with  the  manure 
up'on  the  land,  and  also  lessening  the  smells 
generated  in  the  cesspool.    This  practice 
also  gives  the  excrementitious  products 
direct  to  the  earth,  with  which  they  become 
very  speedily  incoi-porated.    The  value  of 
the  earth  thus  enriched  is  especially  well 
known  to  the  gardener.     A  sketch  of  a 
suitable    strainer,    or    solids-intercepting  _ 
chamber,  is  given  at  Fig.  278.    Here  the  strainer  A  is  of  thick  wire,  ^^^^ 
frame  and  is  made  movable.     The  chamber  has  a  concreted  bottom  and  brick 
sides,  and  the  roimded  bed  of  the  bottom  is  smoothly  cemented.    In  this  pattern 
of  straining-chamber,  the  solids  can  be  scooped  out  and  carried  away.  Preferably, 
where  there  is  a  sufficient  fall,  they  are  made  to  collect  upon  a  movable  tray  ;  the 
whole  is  covered  by  a  hinged  wooden  lid,  as  shown  at  B. 

It  very  often  happens  that  a  cesspool  is  obliged  to  be  built  in  a  place  which 
mil  not  admit  the  carrying  away  of  an  overflow  from  it.    And  as  it  is  full  of  risk 
to  build  a  cesspool  without  making  it  water-tight,  in  such  cases  as  these,  the 
tank  would  require  to  be  periodically  emptied  by  means  of  a  pump,  and  the  sewage 
carted  awav  to  where  it  could  be  used  upon  the  land.    When  there  is  a  stream  m 
the  neighbourhood  of  a  cesspool,  the  overflow  of  the  latter  should  not  be  taken  into 
the  stream  or  ditch,  although  this  is  very  frequently  done.    Sometimes  the  overflow 
of  a  cesspool  can  be  provided  for  by  causing  it  to  deliver  itself  into  a  series  of 
agricultural  pipes,  arranged  around  the  cesspool,  and  placed  a  foot  or  so  under- 
ground, with  open  joints.    I  have  seen  this  kind  of  treatment  of  the  overflow  work 
tolerably  well  in  the  field  and  garden  ;  if  the  drain-pipes  fill  up,  they  can  be  easily 
taken  up  and  re-laid,  and  in  another  direction  if  need  be.    The  cesspool  itself  should 
always  be  ventilated,  the  amount  of  ventilation  depending  upon  its  capacity  for  storage. 


rig.  278.— Solids- strainer. 
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Jf  the  cesspool-system,  Avliere  it<5  ar^n.■^^■^^  u 

as  indicated  above,  tlL.u4nce     ;^^^^^^^^^^^  -~e,  is  treated 

But  it  should  be  taken  for  c^.anted  thltTl  r  ^             *°  ^  minimum, 

cesspool  sho.Ud  only  be  res  rted  t^^^^^^^^^^^  '\'^^^^Se  of  a  house  into  a 

before  a  cesspool  is  decided  upon  a  lom.e l.f  T  ^^^^^^^^ 

whether  some  method  of  irri.alo?L  Sat     ^^T''  ^ 

mere  a  cesspool  must  be  adCed,     shtM  be  W  TsV^  P^^^ 

infloNv  of  rain  and  surface  waters  A,  ^  P°''^^^«  ^^^"^  the 
system  should  be  adopt:d^:S:;de  trh^L^^  f^^^^^^^^^^^ 

qmckly.    This  last  remark,  however  would  I  v  tf    !   I  ''''P°°^ 

land,  and  not  where  there  is  abundant  klili^W^^^^^^^^       "   '  "^^^ 

In  very  many  places  Xr^  1       Y  '^^^'^^^  "P°^  ^^^^  land. 

supplanted  by  the  system  I^  sub  "T-  ^^'^  ^^^^  being 

Iiqullsewa/in:o;i;r^^^^^^^  th^ 
t.e  earth  to  the  bene.t  of  the  vegetatiof  o^eal  1^ 

of  soil  that  wiU  permit  of  the  disposal  of  the 
sewage  in  this  way,  and  before  it  is  resorted 
to,  the  nature  of  the  ground  should  be  carefuUv 
exammed  by  some  expert;  as,  where  the  land  is 
uot  suited,  and  cannot  well  be  made  suitable,  for 
sub-m-igation,  something  else  must  be  resorted 
to, 

A  section  of  Mr.  Field's  improved  flush-tank 
suitable  for  the  coUection  of  liquid  slops  for  the 
carrying  out  of  sub-irrigation,  is  drawn  at 
£,J  Fig.  279.  It  consists  of  a  cylindrical  ii-on  tank, 
A,  with  a  trapped  inlet,  b,  which  also  forms 
a  movable  cover  to  give  access  to  the  inside  of 
^      4.1        X-       r.   ,  ^1^^  P^PS  fi'om  the  sink  discharo-pq 

ZZ  1  theTf         1  '^'1  "  -^'^^^^^  '     ^  -^^^^ 

pipe  D  the  syphon,  and  f  what  is  called  the  «  discharging-trough  "  consisting  of  . 

smaU  chanaber,  made  to  turn  round  so  that  its  mouth  mfy  L  set  tthe  dTectToi  ha 
required  for  connectmg  it  with  the  line  of  outlet-pipes,  g,  and  provided  with  a 

movable  cover  for  access  to  the  mouth  of  the  syphoi/  This  ' '  discharging' rlth  ' 

IS  an  iinportant  feature  of  the  tank,  as  it  is  of  a  peculiar  shape,  which,  by  checHn. 

the  outflow  of  the  hquid  from  the  mouth  of  the  syphon,  enables  a  smaller  quantit? 
■of  liquid  floAving  into  the  tank  to  fill  the  bend  of  the  syphon  and  set  it  fully  izi 
motion.  So  completely  does  this  eflfect  its  purpose,  that  a  hand-bowl  full  of  water 
throwii  doAvn  the  sink,  fitted  with  an  ordinary  bell-trap  and  pipe,  Avill  set  the  syphon 
in  action  when  the  tank  is  once  full. 

The  sink-pipe  discharges  over  the  grating  of  the  trapped  inlet,  B,  outside  the 
house,  so  that  the  connection  between  the  drains  and  the  house  is  completely  broken" 
and  any  entry  of  foul  air  is  impossible.  The  top  of  the  tank  is  completely  closed 
by  means  of  the  water-joint  round  the  cover,  and  the  cover  is  readily  removed  when 
required.  The  inlet,  moreover,  forms  a  basin,  which  may  bo  used  for  throwincr 
down  slops  outside  the  house.  This  is  specially  advantageous  when  earth-closets 
are  used,  as  it  enables  the  bed-room  slops  to  be  kept  out  of  the  earth-closets. 


Fig.  279.-S'iel(i's  Flnsh-timk. 


SUB-IBRIGATION. 


671 


Field,  and 
it  is  usual 


A  very  convenient  form  of  this  flush-tank  is  now  made  in  earthenware  and, 
instfad  ^standing  erect,  it  takes  an  elongated  horizontal  form,        ^  ^^^^^^^ 
to  manage.    The  automatic  delivery  of  its  contents  is,  however,  equally  weU  pro 
•  ^g^^  for 

A  viry  good  example  of  the  sub-irrigation  system,  as  carried  out  on  a  small 
scale,  in  the  case  of  two  cottages  at  Shenfield,  in  Essex,  is  given  at  Fig.  280. 
The  flush-tanks  used  there  were   among  the  first  devised  by  Mr. 
received  the  slop-waters  only.     And  it  may  be  here  remarked  that 
to  lay  a  portion  of  water-tight 
drain  from  the  dwelling  away 
towards  the  plot  where  sub-irri- 
gation is  practised,  in  order  to 
avoid  contamination  to  any  wells 
fi-om  which  water  is  derived  for 
drinking-purposes. 

This  example  of  sub-irriga- 
tion cannot  be  better  described 
than  as  under  :  A  representing 
the  cottages,  c  the  irrigated 
ground,  and  D  the  flush-tanks. 
The  water-tight  drains  are  repre- 
sented by  the  thick  black  lines 
from  the  tanks,  the  sub-irriga- 
tion drain  (1  foot  deep)  by  the 
thinner  black  lines,  the  land- 
drains  (4  ft.  deep)  by  the  double 
lines  between  the  latter,  and 
the  inspection-wells  by  the 
square  black  dots.  The  total 
area  of  land  and  building  is 
1  rood  9  perches ;  the  area  of 
land  irrigated  about  14  perches. 

In  this  case  it  was  found  necessary  to 
nature  of  the  soil,  which  was  a  mild  clay, 
land-drains  were  found  to  be  too  near  together,  so  that  the  sewage  occasionally  pene- 
trated direct  to  the  land-drains  without  sufficient  passage  through  the  soil  to  purify 
it,  and  the  sub-irrigation  drains  had  eventually  to  be  taken  up  and  re-laid.  The 
position  of  the  land-drain  was,  however,  such  that  it  was  impossible  to  lay  the  sub- 
irrigation  drains  at  a  proper  distance  from  them.  Notwithstanding  this  drawback, 
the  sewage  was  under  ordinary  circumstances  entirely  absorbed  by  the  soil  and 
vegetation,  the  intermittent  action  of  the  syphon  greatly  assisting  this  result,  by 
giving  full  opportunity  for  the  purification  of  the  sewage,  on  the  principle  of 
"  intermittent  downward  filtration."  The  sub -irrigation  pipes  were  intended  to  be 
taken  up  and  cleared  annually;  but  they  were  actually  left  undisturbed  for  nearly  three 
years  without  any  practical  inconvenience.  On  being  taken  up,  they  were  found  to 
be  partially  choked,  but  still  able  to  allow  the  sewage  to  escape  into  the  soil  very 
rapidly.    The  sub-irrigation  has  now  been  in  action  for  a  number  of  years,  and,  on 


Fig.  280.— Sub-iLTigation  at  Shenfield. 

under-drain  the  gardens,  owing  to  the 
Unfortunately,  the  sub-irrigation  and 
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the  wliole,  is  a  decided  success.    The  denosi>  iT^rT^T"^  ^ 
every  two  or  three  months  by  the  tei^Tnts  who  1      ^  cleared  out 

and  the  cost  of  clearing  the  sub-irr^^'^on  Iain  '  s  onl     V    T  T  ^"^^^^^ ' 

they  can  so  readily  be  taken  up  anJ  rZa^:^:::^^  ^ 

Ihe  system  above  described  has  been  further  elihor^+Prl  fr.r,  i  i- 
house-refuse  of  villages  and  towns,  and  .  t^n^  ^^^^^ 
sewage-meter,  constructed  on  the  same  principl  aTle  fl  5  f  T  1 
was  built  in  brickwork  in  two  ^^r..J  !       fl"sh-tank.    This  meter-tank 

could  be  used  while te ^hi;  Tb^;  Z^TT' Il^f  %%r~ 
erected  near  Leatherhead  (Surrey)   an5  dealt  with  .1  1  ^^"^^ 

thirteen  houses,  includin<.  the  mansion  Id        T      i  °^  ^  «f 

of  about  145  people.    ^^e  Ll7ZC  "  P^P^^^^^" 

and  dealt  with  the  HquM  Lu^eS  ^^"^^ 
buildings,  and  about  ^our  rterc  lts      Tht  Z  ' 

cottages,  and  was  made  a  wat;^^.c:^t " oSs^^  "  t 


Pig.  281.— Apparatus  for  Sub-irrigation. 


moved  monthly  for  use  on  the  gardens.  There  was  also  the  drainage  of  cattle-sheds 
stables,  and  piggeries.  The  capacity  of  the  tank  was  500  gallons,  and  it  filled  and 
discharged  three  times  in  two  days ;  the  several  discharges  were  directed  on  different 
portions  of  a  plot  of  ground  prepared  for  the  purpose.  The  arrangements  as 
carried  out  at  Eastwick  may  be  regarded  as  complete  and  satisfactory,  and  it  has 
been  calculated  that  about  five  per  cent,  on  the  outlay  of  the  works  is  realised. 
Ihe  irrigated  land,  in  this  instance,  is  in  close  contiguity  to  the  mansion,  but  no 
nuis^ince  is  experienced  from  it.  Previous  to  these  works  being  carried  out,  the 
slops  from  the  cottages  and  mansion  found  their  way  into  the  neighbouring  ditches 
and  decomposed  there,  causing  considerable  nuisance,  especially  in  the  summer- 
time. 

I  have  already  described  and  iUustrated  at  Fig.  275  a  large  flushing-tank,  having 
an  annular  syphon  fixed  in  it,  by  means  of  which,  when  water  has  risen  up  to 
a^  certain  height,  the  whole  of  its  contents— say  300  gaUons,  for  example— are 
discharged  automatically.    This  syphon  is  of  the  utmost  value  in  irrigation. 

A  section  of  a  tank  for  this  purpose  is  shown  at  Fig.  281,  with  the  chamber  where 
the  solids  are  strained  back,  as  explained  at  Fig.  278. 

But  it  is  not  always  necessary  to  have  so  many  iron  strainers.  The  sewage  from 
the  house  enters  at  a,  is  strained  at  B,  the  liquid  portion  reaching  the  tanks  at  c ; 
and  when  the  sewage  has  reached  the  maximum  water-level,  the  syphon  D  is  actuated, 
and  the  sewage  discharges  into  the  trough,  and  passes  over  the  weir  to  the  outfall. 
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A  by-wash  and  overflow-drain  is  led  around  the  tank  at  the  back,  and  these  pipes 

are  shown  at  F.  n ,  i,      r  i 

As  can  easily  be  understood,  a  tank  of  this  description  would  never  be  relied 
upon  to  deliver  the  sewage  of  a  house  to  a  piece  of  land  unless  the  sewage  was 
carefully  strained  and  the  solids  removed.  The  full  advantages  of  having  a 
periodical  discharge,  and  the  fact  that  the  solid  excrement  is  properly  dealt  with, 
by  being  collected  and  covered  with  earth  until  it  becomes  invisible,  can  hardly  be 
realised  untU  such  an  arrangement  as  I  have  given  is  examined  in  detaU  where 
at  work.  Sewage  which  has  been  strained  in  such  a  manner  as  this,  and  coUected 
in  an  intermittingly-discharging  tank,  which  gives  the  ground  to  be  treated 


some  time  to  rest  before  it  discharges  again,  can  be  used  to  great  advantage 
in  connection  with  an  osier-bed.  Fig.  282  gives  an  example  of  this  kind.  The 
straining-chamber  and  tank  which  receives  the  sewage  from  the  mansion  is  situated 
at  A,  and  the  discharge  on  to  the  osier-bed  is  at  B.  The  thick  black  line  represents 
the  trench  which  receives  the  sewage,  and  at  will  this  sewage  can  be  confined 
to  any  of  the  plots  marked  by  the  letters  o  to  G  inclusive.  The  mansion  is  fitted 
up  with  water-closets  only,  and  the  whole  of  the  sewage  finds  its  way  to  the  tank  at 
A.  The  area  covered  by  the  osier-bed  is  only  about  a  quarter  of  an  acre,  and  the 
nature  of  the  land  is  such  as  not  to  require  subsoil-drains.  Sufficient  drainage 
for  the  effluent  water  is  procured  by  a  wide  trench,  as  shown  by  the  double  dotted 
line,  gradually  deepening  to  where  the  purified  sewage  joins  the  stream. 

Where  an  osier-bed  is  properly  dealt  with,  the  greed  with  which  the  plants  lick 
up  sewage  is  astonishing,  and  the  water  discharged  from  them  is  remarkably 
pure ;  but  everything  depends  upon  the  suitability  of  the  land,  and  as  to  whether 
the  beds  require  undergi-ound  drainage.  Where  these  points  have  not  been  well 
considered,  the  site  will  become  water-logged,  and  probably  prove  a  nuisance  One 
47 
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thing  in  favour  of  the  establishment  of  an  osier-bed,  where  it  wiU  suit  is  that  it 
yields,  or  ought  to  yield,  periodically,  a  tolerable  profit  ' 

The  following  plan  (Fig.  283),  scale  66  feet  to  an  inch,  shows  a  plot  laid  out  for 
subsoil-irrigation,  where  the  strong  continuous  Hues  indicate  the  position  and  run  of 
the  water-tight  drains.   -    i  . 


The  snbsoU-drains  are  of  agricultural  tHes  generaUy,  2  to  3 


I 


/ 
J 
I 


Fig.  i20. 


inches  diameter.  The  subsoil- di-ains  are  laid  about  2  feet  below  the  surface,  on  a 
bed  of  half-round  tiles.  The  sewage  from  the  outfall  drain  is  delivered  into  a  brick 
tank  at  the  point  marked  a  upon  the  plan,  which  is  of  sufficient  capacity  to  hold, 
say,  one  day's  flow.  The  tank  is  fitted  with  a  self-acting  syphon,  which  discharges 
the  contents  of  the  tank  suddenly,  and  causes  a  flow  of  the  sewage  through  the 
water-tight  drains,  and  thence  into  the  minor  drains.  These  drains,  being  laid 
open-jointed,  allow  the  sewage  to  percolate  into  the  ground. 
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CHAPTEK  LXIX. 

S  E  "W  A  a  E  -  T  R  E  A  T  M  E  N  T. 

o    .     ^    f,v,»nt   Tanks  for  Irrigation-The  Flat-bed  System-Special  Irrigating  Appli- 
Sewage-S^face4reatment^^^^^  Catchwater  System-Osier-bed  Treatment-Pane  and 

ances,  Pipes  Valves  &c_  The  Treatments-Sewage  Cropping-Intermittent 

It  now  becomes  necessary  for  me  to  give  some  examples  of  the  various  methods  of 
dealing,  with  the  sewage  which  accrues  from  the  larger  establishments ;  and  I 
wiU  d^  this  as  briefly  as  possible,  since  all  I  need  do  is  to  simply  furnish  the 
reader  mth  an  idea  of  some,  at  least,  of  the  many  methods  which  are  employed 
for  the  disposal  of  sewage  other  than  by  the  storing  of  it  in  cesspools. 

First  of  aU  let  us  define  what  sewage  is.  Sewage  is  water  holdmg  m  suspension 
and  solution  ingredients  which  do  not  belong  to  it  as  water,  which  render  it 
objectionable  to  sight  and  smell,  injurious  to  health,  and  unfit  for  the  domestic 
uses  of  man.  Town  or  house  sewage  is  water  brought  to  this  condition  by  the 
addition  of  human  excreta  from  water-closets  and  urinals,  sink-washings,  the  washings 
of  the  surfaces  of  streets  and  yards,  and  the  refuse  from  trades  and  manufactures. 

To  remove  from  this  foul  water  the  substances  which  give  it  the  title  of  sewage ; 
to  take  from  it  the  smeU,  colour,  turbidity;  to  destroy  the  germs  of  disease^ 
bred  or  discharged  into  sewers,  and  to  bring  it  back  as  nearly  as  may  be  to 
the  original  state  of  pure- water;  this  is  the  constituted  end  of  all  sewage  processes. 

Accumulate  sewage  is,  under  ordinary  circumstances,  a  bluish-grey  turbid 
liquid,  and  gives  ofi",  in  coldest  weather,  when  fresh,  a  smell  which  more  resembles 
that  of  stale  cabbage- water  than  that  which  might  perhaps  be  expected;  but 
in  warm  weather,  or  where  it  is  long  in  reaching  its  outfall,  to  use  a  homely 
illustration,  the  stUl  more  offensive  smell  of  rotten  eggs  is  added.  This  smell 
is  more  or  less  apparent  according  to  the  degree  of  concentration,  or  to  the  degree 
to  which  putrefactive  decomposition  has  proceeded,  and  the  offensive  combination 
is  now  generally  known  under  the  term  of  sewer-air  or  sewer-gas. 

Sewage  when  allowed  to  stand  does  not  become  clear ;  the  grosser  portions  of  its 
suspended  matter  are  indeed  deposited  by  degrees,  and  in  this  way  a  certain 
improvement  is  brought  about ;  but  from  its  slimy,  glutinous  nature  it  is  difficult, 
if  not  impossible,  to  get  anything  like  a  clear  liquid  by  subsidence.  The  same  is 
practically  true  of  the  ordinary  artificial  filtration  of  sewage;  for  although  it  is 
possible  to  filter  sewage,  the  pores  of  the  sand,  earth,  or  other  filtering-material 
employed,  soon  become  choked ;  and  all  attempts  to  thoroughly.  Jilter  sewage  on 
a  large  scale  have  hitherto  resulted  in  failure. 

The  suspended  matter  of  sewage  is  partly  of  an  animal  nature ;  consequently, 
by  exposure  to  the  air  at  any  ordinary  temperature  it  is  liable  not  only  to  suffer 
putrefaction  itself,  but  to  induce  it  in  other  substances  of  a  more  inert  character. 
The  putrefactive  change  occurs  most  readily  when  the  sediment  is  exposed  to  the 
air,  as  when  the  deposit  found  in  sewers  or  the  tanks  connected  with  them  is 
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collected  in  large  quantities;  but  it  does  not  abs<;iutely  require  this  tr..  . 
to  air  to  set  up  putrefaction,  there  bein-  alw«v<,  «  U  !  f  exposure 
furnished  by  the  agitation  tl^ng  place  L  seTs  T^^^^^^^^  7^/^  ^  ^^^^^^ 
of  solid  matters  is  attributable  tL^acU^at  aZth  ^f  taCt t/T^^^" 
liquid,  almost  devoid  of  smell,  may  result,  this  com;lti;ei;roLl?^;^^^^^^^^^ 
does  not  last  long  The  liquid  still  contains  animal  and  ve^lbrmrtter^^ 
solution,  and  is  anything  but  water.  It  is  liable  to  speedy  "putSacTon  an^ 
consequent  noxious  smell,  with  the  production  of  a  further  quLlt/of  ^rpe^^^^^ 
matter,  rendermg  it  again,  though  in  a  less  degree,  turbid  suspended 

™  ^'^f  7,     "^^'-^^^^  filtered  liquid  confcuns  all  the  soluble  mineral 

compounds  of  the  sewage,  and  in  most  cases  is  charged  with  carbonic  acid  and 

^z-:^:^^--  Of 

The  object  of  irrigating  with  sewage  in  any  way  is  to  make  use,  where  possible 
of  the  useful  constituents  upon  the  land,  and  to  bring  the  effluent  water  to  such 
a  state  of  purity  as  will  satisfy  the  requirements  of  the  law. 

SURFACE-TREATMENT. 

There  are  a  great  number  of  persons  who,  disliking  cesspools,  turn  the  whole  of 
their  sewage  on  open  grass-lands  at  some  distance  from  the  house;  and  when  one 
portion  has  become  saturated,  they  divert  the  flow,  it  may  be  by  a  flexible  hose 
to  another  portion  of  the  field.     This  surface-treatment  cannot  be  properly  called 
irrigation,  perhaps,  but  it  is  a  primitive  system  of  sewage-disposal  leading  up  to 
It.    The  portions  of  the  field  over  which  the  sewage  has  passed  show  a  richer 
verdure;  and  if  the  sewage  is  not  permitted  to  discharge  too  long  on  one  place,  the 
grass  IS  not  rendered  too  rank  or  unfit  for  gi-azing.    The  proper  method  of  dealin- 
with  grass-land  which  is  to  be  sewaged,  is  to  divide  it  ofi"  into  plots  by  means 
of  hurdles,  and  then  to  apply  the  dose  of  sewage  for  a  sufficient  time,  and  when 
enough  has  been  supplied,  the  hurdles  are  permitted  to  remain  up  until  the  soil  has 
appropriated  and  oxidised  the  sewage-matter,  which  it  will  Very  rapidly  do  if  the 
son  be  at  all  suitable.    The  cattle  may  then  be  safely  turned  upon  it ;  and  should  a 
shower  of  rain  occur  in  the  meantime,  it  will  be  all  the  better  for  the  crop.  In 
surface-treatment  of  this  description  it  is  not  often  necessary  to  provide  carriers 
or  drainage,  there  being  no  effluent  worth  specially  providing  for. 


TAJNiiS  FOR  IRRIGATION. 

jserore  proceeding  to  notice  any  of  the  more  advanced  systems  of  irrigation, 
it  will  be  necessary  to  furnish  here  an  idea  of  the  outfall  discharge,  and  how  it 
is  regulated.  These  tanks  difier  very  much,  and  I  will  only  describe  one  pattern  of 
them.  In  the  example  shown  at  Kg.  284,  the  sewage  fiii-st  of  all  discharges  into 
a  small  regulating-chamber.  A,  out  of  this  chamber  a  pipe  is  led  to  two  subsiding 
tanks  placed  right  and  left  of  the  chamber,  and  at  the  ends  of  these  pipes  inside 
the  regulating-chamber  are  two  flap  valves,  shown  at  b.  The  sewage  flows  iato  the 
regulating-chamber  by  a  pipe  of  convenient  size  laid  to  a  suitable  gradient. 
It  may  be  necessaiy  to  employ  flushing-tanks  at  each  head  of  the  ramification  of 
the  sewer,  in  order  to  keep  the  main  sewers  clear. 


TANKS  FOR  IRRIGATION. 
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^'rrise  the  tan,,  are  sloped  down  and  are  apI^C 

tanks  are  fitted  with  douUe  gratings,  E,  jf  "l^^'  ''^^'^'uttr  7r  with  land 
and  the  spaces  between  these  gratings  ai-e  stuffed  with  stiaw  litter, 

refuse,  or  some  other  material  easy 
to  obtain.  This  filtering-medium, 
whatever  it  may  be,  is  weighted 
down  by  means  of  a  plank,  and 
altogether  it  speedily  forms  a  most 
efficient  strainer  for  the  sewage, 
arresting  by  this  simple  contrivance 
the  whole  of  the  solids. 

As  will  be  seen  by  the  longitu- 
dinal  section  of  the  regulating- 
chamber  A,  which  is  given  below  at 
G,  the  sewage  enters  the  chamber 
by  means  of  the  pipe  H,  which  pipe 
must  be  brought   up   to  about 
eighteen  inches  above  the  ordinary 
level  of  the  ground  when  it  is  flat- 
lying.     In  the  regulating-chamber 
a  gauging-weir,  I,  is  fixed,  which 
regulates  the  flow  of  the  storm- 
water  ;  and  this  weir  is  set  at  such 
a  height  that  during  periods  of 
excessive  rainfall,  the  storm-water 
flows  over  it,  and  passes  direct  to 
the  outfall-pipe  J.    This  provision 
is  made  because  at  such  periods  an 
excessive  volume  of  water  would 
damage  the  crops  on  the  irrigation- 
beds,  especially  if  the  brook  or  river 
into  which  the  effluent  water  dis- 


CROSS  SECTION  THROUGH  INLET  TANK 


SECTION  THROUCIMMLET  TANK. 
Fig.  284. 


char-ed  were  at  the  same  time  in  a  state  of  flood.  The  addition  of  a  small  quantity 
of  sewac^e  which  would  at  these  times  be  conveyed  to  a  brook  or  river  would  be 
almost  Sifinitesimal.  The  overflow-pipe,  J,  of  course  passes  underneath  the  irriga- 
tion-beds, and  would  enter  a  brook  or  river  at  a  suitable  level.  An  overflow  is 
also  provided  in  the  settling-tanks  themselves  in  case  of  accident. 

After  a  time  it  is  evident  that  the  settliftg  portion  of  the  tanks,  c,  D,  will  be  full 
of  more  or  less  solid  deposits,  and  when  this  accumulation  takes  place,  the  water 
is  drawn  off  by  a  valve,  placing  a  few  bricks  before  it  by  way  of  a  rude  filter. 
When  the  water  has  been  aU  run  off  in  this  manner,  the  contents  are  then  allowed 
to  dry  for  a  few  days,  and  afterwards  wheeled  away  into  a  compost-heap,  which 
is  subsequently  carted  away  for  putting  upon  the  land,  or  dug  in  upon  arable  land. 
jSTot  very  much  can  be  said  about  the  worth  of  this  material.  It  pays  for  cartage, 
and  little  more  can  be  said  regarding  its  value. 
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After  the  sewage  has  passed  througli  the  strainers  e  p  it  h..  +1, 
simply  dirty  bro^vn  avatar,  and  this  is  led  directfv  Tnto'  tl  ^PPearance  of 

then  into  the  branch  carriers,  and  so  on  all  over  th'e  gro  Jd  ^  ^ 

THE  PLAT-BED  SYSTEM  OF  IRRIGATION. 

Supposing  the  sewage  from  the  house  or  villa-e  to  h.^.         ^  .1 


SECTION 


Fig.  285. 


Of  aU  the  turf  was  ploughed  off,  and  then  its  higher  portions  were  ploughed  so  a. 
to  level  It  down  until  each  bed  was  made  level.  The  irrigation-area  was  then 
thoroughly  under  drained  to  a  depth  of  six  feet,  these  drains  being  made  of  three- 
inch  agricultural  pipes  laid  about  six  yards  apart.  This  formed  the  permanent 
bed  and  as  the  ground  was  in  this  case  semi-porous-by  which  is  meant  loam 
with  a  little  washed  down  clay-the  under-drainage  has  proved  very  effective,  and 
has  had  the  practical  effect  of  converting  the  whole  of  the  irrigation-area  into  one 
large  filter-bed. 

In  the  example  drawn  at  Tig.  285,  the  land  is  irrigated  on  the  flat-bed  system, 
the  site  being  divided  into  three  beds,  a,  b,  and  c.  The  settling-tanks  are  shown  at 
D,  E,  the  sewer  by  the  thick  black  line,  the  overflow  and  main  under-drain  to  the 
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brook  by  the  thick  dotted  line.  The  light  dotted  lines  show  the  underground 
ajricultura  pipes  which  form  the  permanent  bed,  and  drain  into  the  mam  under- 
™d  drain'  The  three  beds  into  which  this  land  was  divided,  as  is  roughly  shown 
in  the  section,  Fig.  285,  are  so  arranged  that  each  bed  could  be  flooded  at  will 
To  confine  the  sewage  upon  the  land  no  kind  of  special  pipe  was  required,  but 
simply  pieces  of  turf  laid  along  the  divisions  of  the  beds,  as  shown  at  a,  a,  a. 

Sewacre-irrigation  works  have  now  so  largely  increased  in  numbers  and  extent, 
that  it  has  become  necessary  to  produce  appliances  by  means  of  which  the  sewage 
may  be  utilised  in  a  simple  manner,  and  with  the  least  possible  offence  to  the 
neighbourhood.    No  smell  arises  from  fresh  sewage  when  it  is  placed  upon  the  soil. 


Pig.  286. 


Fig.  287. 


Pig.  288. 

but  if  it  be  kept  there,  and  remain  especially  on  the  sides  of  open  distributing 
ditches,  an  offensive  putrefaction  will  ensue. 

Hence,  in  some  soils  especially,  it  has  become  necessary  to  discard  simple  earth 
channels  as  distributers,  and  provide  concrete  stoneware  or  other  conduits  which 
have  no  irregularities  of  surface,  retain  no  floating  impurities,  are  easily  cleaned 
out,  and  do  not  encourage  vegetation  inside  them. 

Figs.  286  and  287  illustrate  ordinary  carrier-pipes  for  sewage,  and  these  are 
made  either  with  or  without  sockets,  as  shown.  These  are  the  simplest  forms  which 
are  made,  and  if  properly  placed  afford  groat  advantages  over  the  ordinary  earth 
channels,  as  previously  explained. 

An  improvement  upon  the  ordinary  carriers  just  described  is  obtained  by  the 
use  of  moulded  copings  (Fig.  288),  also  of  glazed  stoneware,  and  these  enlarged  con- 
duits vary  in  dimensions,  so  as  to  be  suitable  for  all  circumstances.  The  flange,  or 
projection,  at  the  top  of  the  coping,  marked  B,  which  surmounts  the  pipe,  A,  is  very 
useful,  inasmuch  as  it  forms  a  clean  and  easily  available  footpath  for  the  attendant. 
Goods  of  this  description  are  not  so  expensive  as  might  be  thought,  and  where 
the  irrigation-ground  is  small  and  a  pride  is  taken  in  it,  these  improvements 
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are  rea%  desivable.  Fag.  289  gives  an  example  of  a  flange,  or  projection  at  the 
top  of  the  copmg,  where  one  side  is  fixed  lower  than  the°o  herjn  ordlr  ihat  1 
overflow  may  pass  from  the  lower  side  only;  and  pipes  of  this  d  script  n  w^^^^^^^ 


Pig.  291. 


Of  use  in  irrigation-beds,  such  as  that  given  at  Fig.  285,  by  this  means  obviatixag 
the  necessity  of  having  to  place  the  lengths  of  confining  turf,  a,  a  a 

Another  advantage  of  these  special  goods  is  shown  at  Fig.  290,  where  it  will 
be  seen  that  the  capacity  of  the  sewer  is  increased  by  the  use  of  an  intermediate 
tile,  so  as  to  raise  the  coping.  These  main  carriers  are  made  from  nine  inches  to 
two  feet  m  width,  and  sometimes  the  tiles  are  supported  and  held  to-ether  bv 
a  concrete  backinsr. 

It  may  be  useful  here  to  point  out  another  very  available  form  of  sewa^re- 
carrier,  which  I  therefore  give  at  Fig.  291.    Carriers  of  this  description  are  not 


Fig.  292. 

SO  frequently  used  as  the  open  carrier  already  described,  but  they  will  be  found 
useful  in  preventing  cattle  from  treading  down  the  sides  of  the  pipes. 

It  will  be  easily  understood  that  special  contrivances  of  some  sort  are  necessary 
in  irrigation-grounds  for  stopping,  diverting,  and  regulating  the  flow  and  dis- 
tribution of  the  sewage  brought  upon  the  land.  Of  course,  this  can  all  be  arranged 
in  a  rough-and-ready  way  without  having  recourse  to  costly  contrivances  for  these 
pui-poses  ;  but  there  can  be  no  doubt  that  the  more  effective  method  of  performing 
the  work  is  by  using  stoneware  sluice-valves,  such  as  I  draw  at  Fig.  292.  The  valve- 
apparatus  is  here  given  in  separate  portions,  so  as  to  show  its  construction,  c  is 
the  carrier-pipe,  b  the  valve,  and  A  the  screw  which  works  it.  The  socket  is  shown 
at  D,  and  from  this  the  sewage  is  delivered  to  the  other  beds  at  will.  It  is  not, 
however,  common  to  make  use  of  sockets  Avhen  small  pipes  only  are  required. 
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Fi.  293  shcvs  a  very  simple  and  compax^tively  iuexpens^^^^  contrivance 
stopping  and  diverting  the  flow  of  the  sewage-distnbut.on ;  and 
the  use  of  these  wiU  be  noticed  farther  on.        _  „,,lprtake 

It  may  here  be  mentioned  that  most  pottenes  will  undertake 
the  manufacture  of  any  special  goods  which  may  be  considered 
applicable  by  the  managers  or  attendants  of  sewage-farms.  It  the 
11  carriers  are  composed  of  these  Doulton  s  specially-made 
pipes  figured  above,  they  will  work  well  at  a  gradient  of  one  in  a 
thousand,  but  if  the  can-iers  are  of  earth  or  clay,  not  more  than 
one  in  six  hundred  will  be  found  advisable. 


for 


CONTOUR  SYSTEM. 


Fig.  293. 


The  manurial  value  of  sewage,  when  judiciously  applied,  is  so  . 
well  known  that  many  systems  have  been  devised  to  properly  prepare  land,  so  as 
to  realise  to  the  greatest  extent  its  value.     At  the _  same  time,  the  a-angemen 
of  the  land  must  be  such  as  to  permit  of  the  abstraction  from  the  sewage  of  those 
compounds  which  are  most  valuable  to  the  growth  of  plants,  due  attention  being 
of  course  paid  to  the  purity  of  the  effluent.  „  ^       n  ^ 

I  have  given  a  short  example  of  an  irrigation-plot  where  the  fiat  surface 
treatment  has  been  resorted  to,  but  there  are  several  others  that  I  might  as  weU 

now  explain.  .     ,  • 

Fi-  294  gives  an  imaginary  sketch  of  what  is  called  the  catchwater,  or  contour 
°    By  this  is  meant  the  arrangement  of  the  land  into  difi-erent  levels,  so 

that  each  level  shaU  be  "'^i- 


■system. 


MAIN  CARRIER 


able  to 

retain  the  sewage  separately  until 
it  is  sufiiciently  drenched.  Some- 
times it  will  happen  that  the 
sewage  will  be  brought  upon  land 
by  simple  gravitation  in  such  a 
manner,  that  the  sewage  passing 
into  the  carrier  A  will  readily 
be  applied  upon  the  three  dif- 
ferent levels  of  plateaux  by  way 
of  the  carriers  B  B,  command 
being  had  over  the  whole,  as 
the  attendant  may  think  fit,  by 
means  of  the  stops  marked  c  C. 
At  other  times  the  house  or  farm 
may  be  below  the  level  of  the  land  which  it  is  found  desirable  to  ii-rigate,  in 
which  case  recourse  must  be  had  to  pumping  up  the  sewage  into  tanks  at  the  top 
of  the  slope. 

This  is  a  very  simple  form  of  irrigation  when  once  the  beds  have  been  properly 
prepared,  and  it  is  perhaps  the  easiest  to  keep  in  proper  maintenance.  It  is 
advisable,  however,  not  to  make  the  beds  too  large,  and  to  make  them  as  flat 
as  possible.    For  instance,  the  distance  from  E  to  F  would  be  from  50  to  80  yards. 

Sometimes,  in  order  to  be  able  to  collect  the  deposits  and  silt  v.^hich  accrue  from 
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the  sewage,  it  is  des^rab]e  to  provide  small  pits  in  tlie  line  of  nr.n 
at  intervals  of  about  100  yards,  and  some  attentio^to^^  ? 
useful.    The  main  thing,  LveVer,  to  heart  ^nd  ^^^^^^^^^  f  ^ 

can  possibly  be  made  is  in  over-doing  the  l^^^  d^e^^i^^^f  ^h  ^^^^^^ 

Hence,  separate  beds  are  prepared  and  treated  in  rotation.    The  Zs  for 
instance,  wh^ch  grows  upon  land  over-saturated  with  sewage  becomes  i^  tiL  o;  Z 
very  rankest  kind,  which  no  animal  will  consume,  and^L  t^TLTid  ^Td  d. 
growths  unknown  to  the  neighboiu^hood  will  prevail  ^"^^'^  ^''^  ^^"^^ 


OSIER-BED  TREATMENT. 

but  I  til'  ^-^''"^^  r"P^'  ^       P'^^°"^  °^^P*«r      ^  ^J'-Ple  osier-bed  ; 

but  I  will  gxve  now  a  somewhat  more  extended  instance.    This  is  also  on  the  flat- 


bed  system,  and  without  under-draining.  Fig.  295  exhibits  a  rather  large  osier- 
ground  fed  with  sewage,  the  settling-tanks  being  shown  at  a  b,  and  the  main  carriers 
by  the  dotted  thick  black  lines,  c  d  and  e.  The  drainage  from  the  flat  osier-beds  is 
by  way  of  the  ditches,  p  g  h,  into  the  brook  marked  i ;  and  these  ditches  are  conse- 
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q'uently  kept  well  deepened  and  cleaned  out.    As  will  be  seen,  the  five  plots  are 
treated  upon  the  flat-bed  system  previously  described. 

The  osiers  to  be  planted  in  the  osier-bed  must  be  of  the  kind  suitable  to  the  par 
ticu^r  sXand  it  is'not  an  unwise  thing  to  consul  some  |  ^^^^^^^ 

before  deciding  upon  the  exact  species,  or  the  alternating  species  of  similar  plants 

which  are  to  be  employed.  j 

Osiers,  or  similar  plants,  calculated  for  speedily  licking  up  the  sewage,  and  con- 
verting the  plants,  into  saleable  "  wands,"  should  always  be  planted  sufficiently 
apart^say  at  distances  of  three  feet-so  as  to  allow  the  beds  to  be  regularly  cleaned 
out  when  necessary  by  horse  machinery.  Osiers,  as  a  rule,  grow  all  through  the  summer 
and  winter,  and  are  best  cut  down  in  the  early  spring,  when  the  sap  is  beginning  to 
rise.  When  they  are  reaped,  or  soon  after,  it  becomes  necessary  to  pass  the  horse- 
hoes  over  the  beds,  so  as  to  make  a  thoroughly  clean  site,  free  from  weeds  and  grass 
Avhich  would  otherwise  grow  up  and  keep  the  osier-shoots  from  the  sun.  The 
spaces  between  the  plants  should  be  hand-hoed. 

One  of  the  best  and  most  profitable  methods  of  disposing  of  the  sewage  of  a 
village  or  mansion  is  by  utilising  a  portion  of  ground  for  the  groAvth  of  osiers.  As 
a  rule,  the  point  of  outfall  being  at  the  lowest  level  of  the  district,  is  usually  of  a 
swampy  nature,  peculiarly  suitable  for  this  class  of  cultivation.  When  laying  out 
land  for  this  purpose,  under-draining  is  found  not  to  be  very  practicable,  as  I  have 
before  mentioned,  the  reason  being  that  the  roots  of  the  osiers  extend  in  long  fine 
filaments  over  considerable  distances,  and  ultimately  reach  the  under-drain.  When 
a  strip  of  osier-root  reaches  these  under-drains,  it  soon  passes  into  the  inside,  and 
speedily  grows  into  a  matty-like  material,  which  eventually  closes  up  the  pipes. 
Instances  are  not  uncommon  where  this  rooty  material  has  been  taken  out 
measuring  from  twenty  to  thirty  feet  long.  In  laying  out  an  osier-bed,  it  is  always 
preferable  to  dispose  of  the  land  in  flat  beds,  surrounded  by  deep  ditches,  making, 
if  needs  be,  each  plot  into  an  island.  All  round  the  bed  a  ridge  about  nine  inches 
high  is  formed  to  confine  the  sewage  until  enough  has  been  absorbed  by  the  earth. 
The  leads  taken  from  the  main  carriers  to  evenly  flood  the  beds  are  shown  by  the 
thin  dotted  lines. 


PANE  AND  GUTTER  SYSTEM. 

This  is  another  method  of  treating  sewage.  Supposing,  for  instance,  a  piece  of 
ground,  tolerably  flat,  is  to  be  laid  out  to  intercept  and  purify  the  sewage  of  a 
large  mansion  and  offices,  the  procedure  might  be  as  under  : — 

The  coarse  stubble  or  surface  would  be  pared  ofl"  to  the  full  depth  of  the  roots, 
by  means  of  proper  paring-tackle,  and  then  burnt  in  stacks,  so  as  to  be  spread  over 
the  surface  when  the  beds  were  formed.  All  the  surfaces  too  high  to  bring  the  land 
to  proper  levels  for  the  distribution  of  the  sewage  would  be  then  ploughed  off.  The 
land  would  then  best  be  profitably  cultivated  with  steam-cultivating  tackle  to  a 
depth  of  fifteen  inches,  twice  over,  the  second  time  as  nearly  as  possible  at  right 
angles  to  the  first  time;  and  the  surface  would  be  worked  down  afterwards  by 
double  harrowing.  After  this  was  done,  the  surface  would  be  ploughed  up  in  ridges 
or  furrows,  in  directions  and  levels  to  facilitate  the  flow  of  sewage  to  every  part. 
The  beds  would  be  about  40  ft.  wide,  each  with  feeders  along  the  ridges  and 
collectors  along  the  furrows,  delivering  into  the  main  catchwater-drains,  dii-ectly 
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c^er  the  mam  under-drams  which  had  previously  been  laid,  together  with  G-in 
a^d  2^.Ha  branch  underground  drains  laid  to  available  falls.  Pig.  29G  gives  an  illus 
tratxon  of  a  bed  laxd  out  on  this  pane  and  gutter,  or  ridge  and  Wv,  syst  I 


The  main  carriers  are  shown  by  the  thick  black  lines,  the  feeders  by  the  thin  black 
lines,  which  are  forty  feet  apart ;  and  the  underground  drains  are  sho^vn  by  the  fine 
dotted  lines,  these  being  collected  into  the  dark  dotted  line,  which  eventually  delivers 
into  the  brook.    This  example  will  also  show  how  necessary  it  sometimes  is  to 

divert  a  brook  (see  the  cross-hatched  lines),  so  as  to  ac- 
quire straight  lines,  or  a  speedier  delivery  of  the  running 
water.  The  slopes  from  the  feeders  h,  to  the  catchwater- 
drain  c  (see  section),  should  not  be  more  than  one  in  forty. 
The  catchwater-drains  are  generally  twelve  inches  wide  and 
six  inches  deep,  such  as  would  be  made  by  a  plougli.  The 
main  drains  (see  section)  at  b  are  generally  six  inches  to 
nine  inches  deep,  and  correspondingly  naiTow. 

In  this  examjDle  the  underground  drains  are  formed  of 
rig.  297.  2^-in.  agricultural  pipes,  laid  in  the  trench  and  on  the  top  ; 

ashes,  pit-bind,  or  thorns  are  placed  above  the  pipes,  as 
shown  in  Fig.  297,  so  as  to  provide  a  porous  material  next  to  the  pipes.  These 
uudergi-ound  drains  were  laid  about  fifteen  feet  apart. 
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Sometimes  a  piece  of  land  in  the  neighbourhood  of  a  mansion  or  large 
establishment  is  not  very  weU  adapted  for  irrigating-purposes,  since  it  may  happen 
that  the  land  upon  which  the  sewage  is  required  is  partly  below  and  partly  situated 
above  the  house,  rendering  necessary  the  pumping-up  of  the  sewage  to  the  higher 
plots. 

Fig.  298  exhibits  a  piece  of  ground  requiring  a  complex  treatment,  or  which  may 
requii-e  such  treatment,  according  to  the  wishes  of  the  owner.    Supposing  the  house 


were  situated  at  A,  and  the  subsiding-tank  at  B,  the  whole  of  the  sewage  being 
strained  there,  it  will  easily  be  seen  that  this  sewage  must  be  pumped  up  into  the 
gardens  and  pasture-land  shown  at  c,  which  in  this  case  was  some  twenty  feet  above 
tiie  house-level,  and  forty  feet  above  the  level  of  the  subsiding-tank  at  b. 

When  the  pumping-up  of  sewage  becomes  a  requii-ement,  it  can  be  carried 
out  in  several  ways.  In  this  case  the  sewage,  after  being  strained  at  the  subsidence- 
tank  B,  is  conveyed  to  a  set  of  plunger-pumps  worked  by  a  water-wheel  there, 
supplied  from  various  springs,  E,  F,  and  G,  at  a  higher  level.  The  level  of  this  wheel 
is  forty  feet  below  the  subsidence-tank  Before  it  was  considered  necessary 
to  irrigate  the  plots,  c,  on  the  highest  level,  these  wheel-pumps  were  quite  able 
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to  perform  the  pumping-up  to  the  ground-level  h  "  This  knr?  , 

character,  no  under-draining  was  necessarv  th.       ""^  ^f^^  ^^mg  of  a  greeusand 

of  the  sewage.    The  difficulty S  to  T^M      '  ''''''^  '''' 

and  Doulton^  carriers  beca.^  I  nL^       ^^^^^^^^^^^^  -er  the  land; 

as  subsidiary  carriers  in  addition  to  their  /se  as  Tain  coders  "'"^^^ 

When  It  became  desirable  to  treat  the  upper  Dortion«  nf  fi.    i    ^  • 
c.  which  are  chiefly  market-gardens   a.d   pTturl  ir  i^^^^^^^^^ 
to  specify  for  the  erection  of  additional  pumps  lay  for  ..T     Z  T'"'"''^ 
hon.ontal  pumps,  worked  by  a  gas  engine  pla^rLt?'^  d:w;Vp:f  ^^^^^^^^^^ 
inch  cast-u'on,  are  carried  along  the  single  thick  dottPrJ  IJn    .    ^"^  f  ' . 


Fig.  299. 


slUToundmg  land.  Valves  are  fixed  at  each  of  these  points,  which  can  be  so 
adjusted  as  to  regulate  the  volume  of  sewage  to  be  discharged.  The  delivery  from 
these  valves  is  directly  into  the  Doulton's  carriers  previously  referred  to,  and 
shown  by  the  double  dotted  lines.  These  carriers  are  permanent  in  character 
and  the  roads  are  made  alongside  them.  The  plan  does  not  indicate  the  subsidiary 
carriers,  because  these  have  to  be  formed  according  to  the  requh-ements  and  cir- 
cumstances of  each  crop. 

It  is  not  always  convenient  or  desirable  to  apply  sewage  to  land  under  a  crop ; 
and  as,  moreover,  any  machinery  will  occasionally  get  out  of  order,  it  is  advisable' 
whenever  it  can  be  conveniently  done,  to  prepare  a  portion  of  the  land  to  act 
as  an  intermittent  irrigation-bed.  Such  a  bed  is  shown  at  x,  Eig.  298,  and  it  may 
take  the  form  of  an  osier-bed,  or  plots  for  the  growth  of  mangel,  turnips,  cow- 
cabbages,  or  other  grossly-feeding  plants.  These  beds  would  at  aU  times  be 
available  as  a  safety-valve  for  the  escape  of  the  sewage.  And  were  the  house 
at  A  of  a  smaller  descri^jtion  without  upland  property,  the  irrigation-bed  at  x 
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Pig.  300. 


sodded 
marked 


would  be  quite -sufficient,  no  pumps  being  required,  since  the  sewage  would  flow 
there  by  gravitation. 

In  this  case  the  piece  of  ground  at  x  slopes  rapidly  down  a  dell ;  and  this  being 
so,  the  underground  drains  are  taken  straight  up  the  slope  at  the  usual  depth,  as  m 
the  case  of  railway-cuttings.  This  is  not  the  usual  way  of  providing  an  intennittent 
bed,  but  here,  owing  to  the  conformation  of  the  ground,  little  else  was  possible. 

Another  example  of  a  combined  treatment  is  shown  at  Fig.  299.  In  this  case 
the  whole  of  the  land  is  almost  flat,  there  being  scarcely  three  inches  diflerence 
in  level  at  any  part  of  the  plot.  In  consequence  of  this,  the  tanks  are  embanked 
to  a  height  of  about  twenty-one  inches,  so  as  to  obtain  a  fall  over  the  beds.  The 
sewer  to  the  tank  is  carried  in  an  embankment  after  the  fashion  shown  at  Fig.  300, 
where  the  sewer-pipe  is  shown  supported 
upon  a  4|-inch  wall,  built  upon  two  set- 
ofisof  brick  in  mortar.  The  thin  wall  is 
usually  built  dry,  so  as  to  compensate  a  little 
for  settlement.  Upon  the  plan  (Fig.  229), 
the  tanks  are  shown  at  A,  and  the  main 
carriers  by  the  strong  black  line  marked  b  b. 
These  are  laid  to  a  gi-adient  of  one  in 
a  thousand.     They  run  from  the  main 

caiTier,  c  c,  dying  away  from  18  inches  in  depth  to  nothing  at  all, 
up  at  each  side.  The  feeders  from  the  main  carriers,  which  are 
c  and  B,  are  shown  by  the  double  lines,  each  marked  D,  the  main  underground 
drain  which  drains  the  bed  is  indicated  by  the  double  dotted  Line  e,  and  the 
ordinary  underground  drains  by  the  single  dotted  lines.  It  will  be  observed  that 
this  is  another  example  of  the  flat-bed  system  in  plots. 

There  are  several  peculiarities  about  this  example  which  are  worth  notice,  and 
one  is  the  intermittent  character  of  the  manipulation.  It  will  be  seen  also  that  the 
beds  are  divided  into  three  grand  plots,  the  one  marked  JSTo.  3  taking  the  form  of  a 
square  nearest  the  outfall  of  the  effluent  water. 

This  No.  3  bed  is  provided  as  an  intermittent  filtration-bed.  For  instance, 
when  the  plots  1  and  2  are  in  cultivation — that  is  to  say,  with  a  growing  crop  upon 
them — it  is  found  undesirable  to  supply  these  beds  with  a  further  supply  of  sewage. 
Hence,  the  laying-out  of  bed  No.  3  as  an  intermittent  one.  This  intermittent  bed, 
FLOOD  LEVEL  then,  really  becomes  a  filter  for  the 

sewage,  but  it  would  be  subdivided 
in  such  a  way  that  some  portion  of 
it  should  be  under  crop  at  all  times. 

One  interesting  feature  in  this 
case  lay  in  the  fact  that  the  ground 
was  not  only  very  level,  but  that 
it  was  flanked  by  a  stream  which 
very  frequently  rose  to  a  flood-line,  and  would  have  overflowed  the  site  of  the 
meadow  on  which  the  irrigation-beds  were  eventually  placed.  This  necessi- 
tated the  formation  of  an  embankment  around  tlie  whole  parallelogram,  which  was 
accordingly  built  in  the  fashion  shown  at  Fig.  301,  the  embankment  being  made  of 
sods  and  earth  laid  closely  together,  and  somewhat  keyed  into  the  soil,  as  shown. 


Fig.  801. 
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The  result  of  this  precaution  was  that  wh^T.  fiJ  ^ 
^.hich  shows  the  extent  of  an  ordLry  "h!    7       ^""V'  '°  '''' '"^^  ^' 

B,  were  kept  nor^all,  dr,  and  in  wor^^o  d  'r  VhtTh^L^  n  ^T^'^^'^' 
for  several  days,  it  can  easily  be  understood  th  1.1  ^^l^^'>\^^'^''^' ^o^evev, 
very  soon  change  the  arran  Jments  Ma  T^^"^  "'""S^ 

bottom  of  the  bed    was  closeT  1        t  Aood-valve  at  the 

simple  sewage;  an Uhrshotrl IT W  "  "'^'^^^       ^^-o-d  with 

mi  up  almost  to  the  wtf"  ^^^^^^  -uld 
to  turn  the  whole  of  the  sewage  into  th«  LT    .  ^  """'^''^  P^'^''^^^^  i« 

means  keep  the  action  of  the  Irr^  r  °^  ^  Portion  of  it,  and  by  tins 

lefttotheLdorrallltVS^^^^^^  ^^—rt  to  this  mL  be 

^sir^^^^^^^^^^  -n  a  moderately  porous 

tHemsel.es  in  direct  connection^XlTe^tt^  TiTi^^^^^^^^ 

order  to  overcome  this  difficulty,  and  bring  the  sewage  to  the  roots  of  t^e'cron 
t  xs  sometimes  found  necessary  by  the  attendant  to°  inse..  sto^at   he  oot^^^^ 
the  mam  under-drain  at  sundry  times,  so  as  to  retain  the  sewLe  untU  it  hi 
reached  the  surface  of  the  irrigated  area.     This  remark  woulT^rto  place 
where  there  was  a  paucity  of  sewage-deUvery.  ^  ^ 


SEWAGE  CROPPING. 

This  can  hardly  be  called  a  separate  system,  because  it  simply  means  the  rou^h- 
and-ready  but  nevertheless  effective,  method  of  raising  crops  upon  imgated  laSd. 
Nor  will  It  be  necessary  for  me  to  explain  at  any  length  the  many  arrangements 
which  are  resorted  to  in  order  to  benefit  the  crops  which  are  grown  upon  land 
treated  by  sewage.  If  a  graduated  scale  were  given  from  the  most  ordinary 
produce  of  a  sewage-farm  down  to  the  requirements  of  a  kitchen-garden,  it  might 
,  „     ^  cvW  be  said  to  take  the  fol- 

JS^l       •  ^Mkm  lowing  lines  :—  Osiers, 

black  oats,  rye  grass, 
mangels,  cabbages,  and 
ordinary  garden  stuff, 
leading  up  lastly  to  the 
luscious  strawberry. 

Supposing  that  the 
land  were  to  be  laid  out 
for  the  production  of,  for 

instance,  crops  of  mangels,  the  beds  would  be  ploughed  into  something  after  the  fashion 
shoAvn  at  Mg.  302,  the  distance  between  the  bed-centres  ab  being  about  two  feet, 
and  the  depth  of  the  furrow  c  to  d,  down  which  the  sewage  is  led,  about  nine 
inches.  The  irrigated  area  would  be,  of  course,  under-drained,  say,  at  depths  of 
five  feet,  and  at  distances  apart  of  from  five  to  twenty  yards,  depending  entirely 
upon  the  nature  of  the  soil.  A  crop  of  the  kind  of  pabulum  best  suited  for  cattle, 
perhaps,  after  all,  pays  the  best. 


Pig.  302. 
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In  the  cultivation  of  radishes,  leeks,  or  even  strawberries,  the  method  of  laying 
out  the  bed  is  not  dissimilar.  Beds  are  formed  usually  about  three  feet  by  four 
feet  in  extent,  and  the  furrows  are  fed  with  sewage,  after  the  style  shown  at 
Fig.  303,  the  irrigating-medium,  which  in  these  cases  has  no  communication  with 
the  surface  or  the  upper  portion  of  the  plant,  giving  each  plot  a  resemblance  to  an 
island.  The  underground  drain  is  usually  about  three  or  four  feet  below.  The 
irrigated  beds  may  be  any  size  compatible  with  the  special  requirements,  viz.,  from 

three  feet  and  so  on  in  ~ 

Mddth 


to 


feet  lonij. 


eic'hb  or 


ten 


Pig.  303. 


EXAMPLES  OF  IRRI- 
GATION. 

I  will  now  proceed 
to  furnish  some  interest- 
ing  examples    of  the 

various  methods  of  dealing  with  sewage  on  the  land,  and  I  am  better  enabled  to  do 
this  by  the  kindness  of  Mr.  Eogers  Field,  M.I.C.  E.,  B.A.,  the  inventor  of  the 
well-kno"wii  flush-tank.  The  following  examples  of  irrigation  were  conceived  and 
carried  out  by  him. 

Fig.  304  shows  a  plan  to  a  scale  of  200  feet  to  an  inch  of  the  Charterhouse 
School,  Godalmiug,  from  which  will  be  seen  the  general  disposition  of  the  large 
range  of  buildings  occupied  by  that  school.  This  building  was  designed  by  an 
eminent  architect,  and  is  situated  in  a  position  which  would  perhaps  be  difiicult  to 
equal  for  beauty  in  any  part  of  England.  The  example  is  here  given  as  being  one  of 
singular  interest,  and  showing  what  may  be  done  in  matters  of  sewerage.  In  the 
present  paper,  however,  I  have  to  deal  merely  with  the  drainage-arrangements,  and 
not  with  the  sanitation  of  the  building  generally.  The  building  appears  to  have 
been  favourably  situated  for  the  carrying-out  of  a  proper  system  of  sewage- 
disposal,  but  we  find  that  this  Avas  not  accomplished  in  the  first  instance — viz., 
luildings  were  erected.  The  system  of  sewage-disposal  originally 
was  that  of  absorbing  cesspools  excavated  where  convenient,  and 
fourteen  such  cesspools  were,  or  had  been,  in  use  up  to  the  time  when  it  was 
considered  necessary  to.  depart  from  such  system.  The  plan  in  T'ig.  304  shows 
the  system  of  sewage-disposal  designed  and  carried  out  to  supersede  the  former 
dangerous  method.  The  strong  dotted  lines  upon  the  plan  indicate  the  course 
of  the  new  drains,  which  it  will  be  observed  are  laid  out  in  straight  lines 
from  point  to  point,  with  manholes  and  inspection-chambers  at  all  junctions,  and 
bends  for  access  to  the  drains  for  examining  them.  The  manholes  are  covered  by 
iron  doors,  and  the  inspection-chambers  have  stone  covers,  which  can  be  taken  up  by 
removing  the  ground  above  them.  The  drains  have  in  every  case  a  good  fall,  so  as 
to  be  self-cleansing ;  but  as  an  additional  security  special  means  of  flushing  were  pro- 
vided by  utilising  the  flush  from  baths  and  laundry  tanks.  The  drains  are  ventilated 
by  gratings  and  openings. 

The  drains  were  laid  with  glazed  earthenware  pipes,  and  special  attention 


when  the 
resorted  to 


was 


given  to  the  jointing  and  to  the  gradients  being  in  every  case  true  to  line.  The 
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ventilation-system  was  fully  secured,  and  separate  means  were  taken  for  the  di.sposal 
of  the  surface  and  roof  water  by  special  conduits  for  that  purpose.    When  the  new 
system  of  drainage-works  had  been  carried  out,  the  disused  cesspools  were  in  e\ery 
case  carefully  cleaned  out  and  filled  u])  with  clean  earth.     It  will  not  be  necessary, 
while  describing  these  works,  to  stop  to  dwell  upon  the  details  of  all  the  arrange- 
ments provided  for  the  disconnection  and  ventilation  outside  the  walls  of  these 
buildings.    Great  care  was  taken  to  test  all  the  new  drains  by  filling  tliem  with 
water,  so  as  fo  ensure  that  they  were  quite  tight,  and  thus  to  avoid  any  chance  of 
contaminating  the  water-supply,  which  is  drawn  from  a  deep  well  under  the  laundry. 
The  rain-water  drains  are  left  undisturbed.    One  cesspool  was  converted  into  a  tank 
for  rain-water  only,  and  the  rain-water  is  kept  entirely  distinct  from  sewage-drains. 
In  the  main  building  dry  earth-closets  have  been  generally  adojited,  but  there  are 
also  a  considerable  number  of  water-closets  in  use.    This  water-closet  sewage  and 
all  the  waste  and  slop  water  are  conducted  by  suitable  main  drains  laid  to  a  proper 
fall  and  in  the  position  shown  upon  the  diagram,  until  they  arrive  at  the  point 
marked  A,  and  there  used  for  irrigation  upon  the  land  bordering  the  approach  lead- 
ing to  the  south-west  of  the  building.    At  the  point  of  the  outfall  is  a  small  strain- 
ing-chamber, which  intercepts  the  solid  and  suspended  matter,  and  which,  if  cleaned 
out  eveiy  day,  will  prevent  the  formation  of  sludge.    The  amount  of  matter  as 
intercepted  daily  is  so  trifling  that  it  can  readily  be  mixed  with  dry  earth  or  ashes, 
and  so  dealt  with  without  creating  any  nuisance. 

From  the  straining-chamber  the  sewage  flows  into  a  brick  tank,  called 
a  sewage-regulator,  so  contrived  that  no  discharge  takes  place  until  it  is  full ; 
when  a  syphon  automatically  discharges  the  contents  (about  3,200  galls.)  upon 
the  land  in  one  continuous  stream.  The  advantage  of  tliis  arrangement  is  that  a 
known  quantity  of  sewage  is  applied  automatically  to  any  desired  portion  of  land, 
and  that,  by  the  intermittent  action  of  the  discharge,  the  sewage  is  more  completely 
absorbed  by  the  soil  and  herbage.  The  tank  is  arranged  so  as  to  avoid  deposit,  but 
a  small  quantity  of  slime  will  necessarily  collect  in  the  bottom.  In  order  to  remove 
this,  a  wooden  waste-plug  is  lifted  up  when  the  tank  is  nearly  empty,  and  all  the  slime 
swept  out  through  the  hole.  The  tank  is  then  allowed  to  fill  again,  when  the  plug  is 
once  more  lifted,  and  the  sHme  carried  forward  on  to  the  land.  From  the  tank  the 
sewage  is  conducted  down  the  land  to  the  irrigation-ground  in  pipe  carriers,  with 
outlet  for  distribution  at  intervals.  There  are  two  penstocks  in  the  straining- 
chamber,  by  means  of  which  the  sewage  can,  if  necessary,  be  diverted  so  as  not  to 
flow  into  the  tank,  but  into  the  by-Avash  drains,  and  thence  direct  on  to  the  land. 

Carriers  are  formed  across  the  ground  nearly  level  and  on  contour-lines,  so  that 
the  sewage  can  be  made  to  flow  over  the  carriers  and  distributed  equally  over  the 
surface  by  means  of  stops  placed  at  any  desired  point  in  their  course  These 
earners  were  constructed  in  the  simplest  manner,  by  cutting  a  chase  alon-  the 
contour-lines  and  forming  a  lip  with  turfed  sods,  so  as  to  maintain  their  form  and 
direction  in  the  earlier  stages  of  irrigation. 

It  may  be  interesting  here  to  describe  somewhat  in  detail  the  manner  of  formin^r 
these  carriers,  which  are  similar  to  those  used  at  North  Camp  Farm,  Aldershot  for 
more  than  twelve  years  past.  ui,i6,aoi,,  lor 

The  accompanying  sketch.  Fig.  305,  shows  a  section  of  the  upper  carriers  where 
the  soil  was  sandy.    It  is  found  quite  suflicient  where  the  top  soil  is  loamy  Ind 
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especially  where  it  has  been  cropped  and  left  a  border  of  stubble,  merely  to  dig  a 
plain  contour  carrier  seven  inches  deep,  nine  inches  wide,  and  throw  the  material 
on  the  lower  side.  Such  a  carrier  may  be  quite  level,  or  have  an  inclination  not 
exceeding  one  and  a  half  inches  in  ten  feet ;  but  in  loose  soils  and  in  sand  it  will 
be  impossible  to  obtain  a  firm  "  lip  "  to  the  carrier  without  the  aid  of  fresh-cut  turf. 
This  turf  should  be  about  nine  inches  wide  at  the  top,  and  neatly  laid  on  the 

 excavated  material,  and  care  should 

be  taken  to  prevent  leakage  under  the 
turf-layer,  and  the  back  of  the  carrier 
may  require  to  be  held  up  in  places 
also  by  turf,  but  as  a  general  rule  the 
natural  slope  is  found  sufficient.  No 
turf  requires  to  be  placed  at  the 
bottom  of  the  carrier,  as  the  sewase  is 
soon  found  to  convey  sufficient  slime 
to  render  the  carriers  impervious. 
Even  in  sandy  soils  layers  of  turf  will 
make  carriers  of  any  dimensions,  if 
properly  backed  up  on  each  side  and 
trimmed  down  flush  with  a  spade  (see 
Fig.  306),  and  such  carriers  will  resist 
the  wear  of  flowing  sewage  up  to  a 
velocity  of  two  feet  per  second.  In  setting  out  a  carrier  it  is  quite  sufficient  to 
put  in  two  pegs,  say  ten  feet,  apart,  at  the  starting-point  of  the  carrier,  and  let  the 
top  of  the  second  one  be,  say,  half  an  inch  or  a  quarter  of  an  inch  lower  than  the 
first,  and  all  other  points  of  the  carrier  may  be  boned  from  the  first  two  pegs  by 
cross-sights,  even  when  the  curvature  is  considerable. 

When  sewage  is  at- first  admitted  into  the  earlier,  it  should  be  carefully  noticed 
whether  it  wears  away  the  carrier  at  any  point,  and  this  should  be  at  once  repaired 
with  turf  or  slate. 

The  sewage  will  not  of  itself  overflow  the  lip  of  the  carrier  so  as  to  irrigate 
evenly,  and  it  is  therefore  necessary  to  check  the  flow  either  by  hand  "  stops  " 
(usually  of  oak,  as  Fig.  307),  placed  at  intervals  athwart  the  carrier,  or  by  lumps 
of  turf  roughly  laid  in  the  carriers,  so  as  to  back  up  the  stream. 
They  cause  an  overflow,  while  at  the  same  time  allowing  some 
portion  of  the  sewage  to  pass  by  in  the  carrier,  so  as  to  be 
thrown  out  by  the  next  stop,  and  so  on,  until  the  carrier  is  filled. 
The  size  and  distance  apart  of  "stops  "  must  of  course  be  regu- 
lated by  the  special  circumstances  of  each  case. 

Fig.  308  is  a  plan  showing  the  disposition  of  the  buildings 
in  the  Sanitorium,  the  sewage  of  which  has  been  dealt  with 
by  sub-irrigation.  Here  A  is  the  Sanitorium,  B  is  the  gar- 
dener's cottage,  and  c  and  d  are  the  plots  of  garden-ground  subjected  to  sub- 
irrigation.  The  gardener's  cottage  at  b  had  the  small  plot  of  land,  d,  for  its  own 
use,  and  the  slops  from  the  Sanitorium  were  separately  dealt  with  as  shown.  In 
this  particular  instance,  the  earth-closets  were  used  for  the  excremental  deposit, 
there  being  adequate  labour  to  give  the  proper  attention  necessary  for  this  system. 
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A  self-acting  tlush-tank,'  similar  in  principle  to  the  syphon-tank,  described 
when  dealing  with  the  main  building,  delivers  bath-water,  waste-Avater,  and  slop 
water  on  the  garden-land,  as  shown  upon  the  diagram  at  C  and  D,  so  as  to 
charge  the  sub-irrigation  pipes.  These  pipes  are  the  size  of  common  agricultural 
drain-pipes,  and  are  laid  about  12  inches  below  the  surface,  on  a  permanent  bed; 
the  sewage  flows  out  of  tlie  joints  into  the  soil  and  floods  the  vegetation.  The 
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Fig.  308. 

sub-irrigation  pipes  in  time  require  cleansing ;  and  the  way  of  doing  this 
is  to  open  down  to  the  pipes  in  several  places,  and  carefully  remove  a 
couple  of  them  at  each  place,  without  disturbing  the  permanent  bed,  and  pass  a 
cane  or  rod  through  the  intervening  lengths — thus  thoroughly  cleaning  them — then 
replacing  the  pipes  in  their  original  position  on  their  permanent  bed.  If  any 
lengtlis  of  pipes  are  lifted  out  of  position,  care  should  be  taken  in  re-laying  them 
that  they  are  made  to  break  joint  alternately  on  the  permanent  bed.  The  subsoil- 
drains  were  composed  of  2  and  3  inch  agi'icultural  drain-pipes,  laid  upon  permanent 
beds  of  half-round  drain-tiles,  laid  to  the  proper  falls. 

Fig.  309  shows  a  system  of  drainage  and  sewage-disposal  carried  out  at  a  large 
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n^ansion  near  Nuneaton,  and  pvesonts  a  most  interesting  '^^  :^^^^:;^Z 
the  available  irrigatiou-grouml  was  situated  at  some  considerable  dist.mce  tr<m  tixe 
mansion  a  river  aiad  watercourse  intervening.  The  diagram  here  given  shows  a 
"  section  of  the  works  as  carried  out.  The  mansion  is  shown  at  A,^h 
stables  at  b,  the  farmyard,  laundry,  and  rectory  at  C,  ^"^^'^^^^^^ffj.'^^ 
stronc.  dotted  lines  indicate  the  course  of  the  drains  f  I'om  the  village  to  the  outtall. 
It  win  be  seen,  oa  reference  to  the  diagram,  that  the  river  divides  the  irrigation- 
.n-ound  from  the  buildings  to  be  dealt  with.  The  difficulties  which  arose  m  this 
case  were  the  slight  fall  available  for  the  main  drain  and  the  liability  ot  the 
land  near  the  river  to  flood.  It  was  thus  necessary  to  cross  the  river  by  some 
means  in  order  to  reach  suitable  land  for  irrigation-purposes,  and  even  then  it  became 
imperative  to  embank  a  portion.  To  render  this  scheme  feasible,  it  was  also 
necessary  to  improve  the  existing  deep  land-drain,  which  had  its  outfall  at  the 
mill-tail  some  distance  down  the  river.  A  gain  of  4  ft.  6  in.  in  level  was  obtained 
over  what  would  have  been  possible  supposing  the  ground  to  have  been  under- 
drained  direct  into  the  river  at  the  irrigation-plot,  and  the  land  would,  moreover, 
have  been  water-logged  at  flood-times. 

To  render  the  drainage  workable  with  such  a  flat  fall  as  that  from  above  the 
stables— viz.,  1  in  330— was  a  matter  of  some  consideration,  and  special  flushing  was 
arranged  in  the  village  for  cleansing  this  portion.  A  flushing-chamber  was  provided, 
shown  upon  the  diagram,  near  the  corner  of  the  stables,  for  discharging  the  sewage 
suddenly  down  the  lower  portion  of  the  system.  In  order  to  convey  the  sewage 
across  the  river,  it  was  necessary  to  construct  a  syphon.  This  syphon,  as  wHl  be 
seen  from  the  section  on  the  diagram,  is  of  peculiar  construction,  to  avoid,  in  this 
particular  case,  the  unsightliness  of  an  embankment.  The  syphon  is  composed  of  a 
cast-iron  pipe,  7  inches  in  diameter,  with  proper  inspection-manholes. 

The  irrigation-ground  is  shown  upon  the  diagram  and  the  deep  land-drain 
is  shown  by  a  chain  dot.  The  sewage  arrives  on  to  the  irrigation-ground  through 
the  syphon  by  the  delivery  flush-tank,  as  before  mentioned,  and  is  taken  along  by 
carriers  in  the  usual  manner.  The  area  of  the  irrigation-ground  is  one  acre, 
and  serves  for  the  population  of  about  100  persons.  The  subsoil  is  irregular,  and 
consists  of  gravel  and  sand,  with  clay  underlying,  the  depth  of  gravel  and  sand 
varying  from  2  feet  6  inches  to  5  feet.  The  irrigation-ground  is  under-drained 
in  the  usual  manner  to  a  depth  of  4  feet  to  4  feet  6  inches.  The  deep  drain  is  filled 
in  with  puddled  clay,  so  as  to  make  the  sewage  enter  from  the  side  and  not  percolate 
directly  downwards.  The  total  length  of  the  syphon  is  680  feet,  and  it  was  carefully 
calculated  so  as  to  take  the  full  flow  of  sewage.  Experiments  made  after  the  works 
had  been  completed  showed  how  carefully  this  had  been  efiected. 

.  The  methods  of  sewage-disposal  previously  described  have  been  by  gravitation 
to  the  outfall,  and  thence  flowing  on  to  the  irrigation-ground.  There  are,  however, 
cases  where  the  disposal  of  sewage  by  gravitation  is  impossible,  on  account  of  the 
configuration  of  the  ground  surrounding  the  house  ;  and  as  the  following  example 
of  the  drainage  of  a  country  house  at  Iver,  Buckinghamshire,  is  of  peculiar  interest 
as  showing  what  may  be  done  in  such  cases,  I  propose  to  describe  it  at  some  length. 
The  house  is  situated  between  two  roads,  and  the  only  land  available  for  sewage- 
disposal  was  situated  above  the  level  of  the  house. 

The  original  sewerage-arrangements  of  this  house  were  in  accordance  with  the 
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latecl,  „a  h.,  a„  „ve,  «ow  into t  ad^  „tg  di  "T"^^* 

It  became  uecessary,  when  the  house  was  eiilar-ed  to  consirlpr  i,,  ^ 

ease  th»t  tl,e  ground  around  this  lowest  point  was  of  such  small  ex  enf  tW  ? 
,u,te  .^sufficient  tor  any  satisfactory  method  of  sewage-c"  ' 

The  sewage  might  have  been  received  into  a  cesspool  at  this  point  but  a  little 
eonsKbrafon  showed  that  this  was  quite  iaadmissiblel   The  grounZa;  imLrvious 
so  that  the  hquKl  would  not  soak  away,  even  if  this  had  been  consideXles    bl  ! 
w  .ch.  irom  a  sanuary  point  of  view,  of  cou..e  it  was  not    An  everflowt  ft 
ditch  was  no  longer  tolerable. 

Had  a  watertight  cesspool  been  provided,  it  would  have  been  necessary  to  pump 
out  the  contents  into  a  cart  at  very  frequent  intervals,  so  that  it  might  be  cLe^ 

aZolr  ;T  '  .  f '  ''T'''  '  ^'^^  ^^^^^  ^^^^  ^^^^  -  ^-blesome 
and  costly  matter  as  to  be  out  of  the  question.    Lastly,  an  engine  might  have  been 

erected  to  pump  the  contents  of  the  cesspool,  and  to  deliver  to°  another  part  of  tie 
property  ;  but  the  situation  was  not  at  all  suitable  for  the  erection  of  an  en^ino- 
house.  Ihe  only  available  land  for  taking  the  sewage  was  on  the  other  side  of'  the 
house,  so  that  all  the  sewage  would  have  to  be  pumped  back  past  the  house. 

It  was  therefore,  determined  not  to  take  the  sewage  to  the  lowest  part  of  the 
property,  but  pumping  was  necessary  to  convey  it  to  the  most  convenient  point  for 
dealing  with  it.  ^ 

In  order  to  determine  this  point,  the  first  consideration  was  to  find  a  suitable 
plot  to  form  an  irrigation-ground  on  which  the  sewage  could  be  utilised  and  got  rid 
of  without  any  nuisance  or  damage  to  health  through  the  pollution  of  the  water- 
supply.  At  the  very  extreme  corner  of  the  property,  and  at  the  highest  point, 
tJiere  was  a  small  field  of  garden-ground  about  an  acre  and  a  quarter  in  extent. 

Exammation  proved  that  the  subsoil  of  the  field  was  exceptionally  favourable 
for  the  purpose  of  irrigation,  the  subsoil  being  a  free  gravel  overlaid  by  sandy  soil, 
and  It  was,  therefore,  decided  to  bring  the  sewage  to  this  plot  of  ground. 

The  scheme  chosen  as  presenting  the  most  favourable  conditions  is  that  shown 
upon  the  diagram,  Fig.  310,  which  may  be  described  as  follows.  The  house-drairis, 
shown  by  the  dotted  lines-  on  the  sketch,  are  conducted  outside  the  buildings, 
and  carried  in  a  precisely  opposite  direction  to  that  they  previously  took,  to  the 
point  marked  e,  where  a  tank  is .  constructed  to  receive  the  sewage,  and  a  gas- 
engine  is  provided  to  lift  and  deliver  it  along  the  cast-iron  main,  f  f  p. 
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The  -eneral  fall  of  the  land,  as  already  stated,  is  towards  G,  so  that  the  drains 
were  taken,  as  it  were,  against  the  fall  of  the  land.  The  portion  of  the  ground 
between  A  and  c  is,  however,  practically  level ;  and  by  takmg  the  drams  m  this 
direction,  the  sewage  is  led  towards  its  . 


final  destination  upon 


the  irrigation- 


ound  at  X,  instead  of  away  from  it. 
It  is  not  necessary  to  dwell  upon 


the  arrangements  of  the  house-drainage 
in  detail,  either  as  regards  manholes 
for  inspection,  the  ventilating,  or  the 
flushing -arrrangements,  su&ce  it  to 
say  these  are  of  an  excellent  and  com- 
plete character. 

A  most  important  feature  in  a 
scheme  of  this  kind  is  in  the  construc- 
tion of  the  receiving-tank.     This  is 
shown  in  Fig.  311  in  a  plan  and  sec- 
tion to  an  enlarged  scale  of  the  work 
as  carried  out.     The  sewage  is  re- 
ceived into  the  circular  brick  tank  p, 
through  the  disconnecting-manhole  Q. 
The  circular  tank  is  brought  up  and 
finished  with  a  square  shaft  terminat- 
ing in  a  louvred  movable  roof  for 
ventilation.    Beneath  this  roof  is  an 
iron  tray,  sliding  upon  wlieels,  and 
havincc    a   wire   basket  to  receive 
charcoal  over  the  whole  area  of  the 
shaft.    The  disconnecting-manhole  is 
for  the  purpose  of    preventing  any 
foul  air  from  the  tank  passing  into 
the  house-drains,   and   the  charcoal 
tray  is  for  deodorising  the  foul  air 
before  it  escapes  from  the  ventilator. 
As  a  matter  of  fact,  however,  from 
the  peculiar  construction  of  the  tank, 
hardly  any  foul  aii-  has  been  found 
to  exist. 

At  the  point  r  in  the  tank  is 
placed  a  movable  bucket,  into  which 
all  the  drainage  of  the  house  is  dis- 
charged from  the  end  of  the  outfall 
drain.  This  bucket  is  perforated,  and  acts  as  a  strainer  to  keep  back  the  solid 
refuse.  The  bucket  is  of  a  size  that  an  ordinary  man  can  lift,  and  is  provided  with 
a  chain  for  that  purpose,  the  contents  being  removed  as  often  as  found  necessaiy, 
once  a  day  being  generally  sufficient.  The  contents  of  the  bucket  are  mixed  with 
earth,  and  used  in  the  gardenmg  operations. 
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pulped  en«,e„  out  eve.,  ti„.e  the  tan.     eU:;nn1o*:;:r„f  tht^^lt 


V 


Pig.  311. 


pipe  clipping  into  a  sump-hole,  s,  which  is  constructed  below  the  general  level  of  the 
bottom  of  the  tank. 

F rom  tlie  tank  the  sewage  is  lifted  by  the  gas-engine  provided  at  t,  and  is  forced 
through  the  iron  main  w  to  the  point  H  (Fig.  310)  on  the  summit  of  the  irrigation- 
ground.    The  cast-iron  main,  where  it  passes  through  the  garden  d,  Fig.  310,  is 
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provided  With  stand-pipes,  to  which  a  liose  can  be  attached  for  the  purpose  of 
applying  sewage  to  the  garden. 

The  details  of  the  pumping-maclnnery  at  V  have  been  carefully  worked  out;  an 
air-vessel  is  provided  to  render  the  delivery  of  the  sewage  constant,  and  a  valvb  is 
fixed  upon  the  main  to  prevent  any  undue  pressure  bursting  it.  The  mam  can  also 
be  entirely  emptied,  if  necessary,  by  means  of  a  special  valve.  In  order  to  provide 
against  any  break-down  in  the  pumping-machinery,  an  arrangement  of  hand-power 
pumps  is  fixed  at  u. 

The  end  of  the  iron  main  p  p  F  delivers  into  a  small  brick  chamber  at  H,  Fig.  610, 
in  order  to  take  the  wash  of  the  sewage  as  it  is  forced  out  of  the  main.  From  thia 
brick  chamber  the  sewage  flows  gently  into  the  carriers,  which  are  constructed  in 
the  simplest  possible  way,  by  means  of  shallow  channels  or  furrows  cut  into  the 
ground,  and  from  these  carriers  the  sewage  flows  over  the  surface  of  the  ground. 
The  irrigation-field  is  under-drained,  as  shown  by  the  fine  dotted  lines  upon  the 
sketch,  Kg.  310.  The  lodge  at  the  entrance  of  the  property  shown  at  Y  upon 
rig.  310  was  too  far  away  to  be  drained  into  the  general  system,  and  this  was 
therefore  dealt  with  in  a  difi"erent  way.  The  dry-earth  system  was  used  for  the 
closet,  and  the  slop-water  from  the  sink  discharged  outside  the  house  into  a  flush- 
tank,  which  delivered  into  sub-irrigation  drains  under  the  garden.  The  bed-room 
slops  had  to  be  emptied  into  the  flush-tank  direct. 

An  example  of  sewage-disposal,  and  one  of  some  interest  as  occurring  frequently 
in  practice,  is  shown  on  the  sketch.  Fig.  312,  and  is  here  given  as  illustrating  a 
similar  case  to  the  last  described,  where  the  sewage  is  brought  by  gravitation  to  a 
suitable  spot  and  afterwards  lifted  by  power  to  some  distance  and  height  to  ground 
which  it  was  considered  desirable  to  irrigate  with  sewage.  The  system  of  drainage, 
as  originally  arranged,  in  this  case  and  around  the  village,  was  exceedingly 
dangerous ;  cesspools  and  midden  pits  generally  prevailed,  and,  as  the  water  for 
drinking-purposes  was  obtained  from  shallow  wells  placed  near  the  cesspools,  the 
wells  became  in  some  instances  polluted. 

The  landowner  was  desirous  of  adopting  some  means  of  altering  the  existing 
state  of  afi"airs,  and  the  scheme  to  be  described  was  prepared  by  Mr.  Wallace  Peggs, 
Assoc.  Mem.  Inst.  C.E.,  to  meet  the  diflaculty. 

The  properties  to  be  dealt  with  were  conveniently  situated  with  regard  to 
drainage,  the  land  falling  generally  towards  the  river,  where  a  suitable  spot  was 
fixed  to  which  the  drains  could  gravitate  near  the  bridge  carrying  the  turnpike-road 
over  the  river.  The  difliculties  of  such  a  small  scheme  as  that  under  consideration 
were  considerable,  for  the  land  available  for  receiving  the  sewage  was  at  some 
distance  away  beyond  the  river,  and  situated  upon  the  slight  escarpment  shown 
upon  the  diagram. 

It  was  not  considered  desirable  to  use  the  land  near  the  river  for  irrigation  on 
account  of  its  proximity  to  the  mansion,  and  the  portion  of  ground  which  could  be 
available  was  liable  to  flooding.  Moreover,  the  ground  was  of  a  heavy  stiff  clay, 
and  not  suitable  for  the  purpose.  The  ground  chosen  for  irrigation-purposes  was  of 
a  very  suitable  kind,  being  a  poor  light  gravelly  subsoil  overlying  the  chalk. 

The  drains  from  the  houses,  as  shown  by  the  dotted  lines  upon  the  diagram, 
were  laid  out  truly  in  straight  lines  from  point  to  point,  with  inspection-manlioles  at 
every  turn,  providing  also  the  necessary  ventilation-openings.     Each  length  was 
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S:;^!"'^'  «ushin„en.ents,  and        d.ius  were  all  ,aid  J.l. 


All  the  drainage  ^vas  eventually  carried  to  the  point  marked  a  upon  th« 
diagram  crossnig  under  the  river  near  that  point  and  arriving  at  the  tank  built  t 
receive  it  from  which  it  is  to  be  pumped  in  the  manner  as  follows  :_A  smal 
stream  of  water  running  alongside,  and  being  parallel  for  some  distance,  wa 


Fig.  312 


after  careful  gauging,  found  to  yield  sufficient  power  for  working  the  small  turbiuo 
which  is  placed  in  the  building  at  A.  The  turbine  was  arranged  to  drive  the  pump 
which  lifts  the  sewage  from  the  tank  and  delivers  it  by  a  cast  iron  main  to  the  point 
marked  b  on  the  irrigation-grounds.  Arrived  at  that  point  the  sewage  is  distributed 
through  carriers  of  earthenware  pipes  along  the  main  lines,  as  shown,  and  from 
these  into  subsidiary  carriers,  and  thence  into  small  furrows  in  .the  top  soil.  The 
whole  area  of  the  irrigation-ground  is  under  control,  and  each  may  receive  its 
proper  share  of  sewage  by  a  little  attention  to  the  valves  and  turning-points. 

No  one  should  undertake  to  execute  sewage-disposal  work,  especially  irrigation 
of  any  kind,  except  he  has  satisfied  himself  of  the  strata  and  subsoils  and  any  other 
matter  which  influences  the  projjosed  works.  It  is  a  general  practice  for  engineers 
to  specify  what  work  is  intended  to  be  done,  but  the  person  who  carries  it  out  has 
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Iv  to  Obtain  his  own  information  on  any  subject  which  can  in  any  way 
commonly  to  obtain  ms  own  charges  for 

the  intention  being  that  tor  tne  ciennea  ,n*o,l  -.t  the  schedule  sent 

.  J        „  ,.^,llv  pvtra  work,  or  any  less  work,  bemg  rated  at  tne  scncuuio  ocii 

...nUUes!'  fo>.,  o.he....  U.e  Cient  ,m   ot^n  be    he   ose.     I.  ^ 
1,0  pnti-nsted  to  an  engineer  in  the  rust  piace,  11  lui  xiu  ^ 
tl  e  nec^  o  Wshingaccur      levels  coupled  with  the  best  advice  generally^ 
When  this  precaution  is  Sot  taken,  it  often  happens  that  the  works  are  carried  ou 
in  a  faulty  manner,  and  have  even  to  be  executed  over  again,  perhaps  on  an  altered 
scheme  altogether.    All  surplus  earth  not  required  for  forming  and  levelling  up  the 
lands,  roads,  or  embankments,  and  all  stone,  gravel,  clay,  sand,  or  timber  etc. 
should  be  reserved  by  the  client  and  removed  to  a  suitable  place,  but  as  a  matter  of 
coarse  the  contractor  is  to  be  free  to  make  use  of  them  as  far  as  they  are  useful  to 
him  on  the  works.    These  few  remarks  are  merely  thrown  out  as  likely  to  be 
useful     The  contractor  for  this  kind  of  work  should  always  agree  to  a  six 
months'  maintenance  of  liis  work  before  he  receives  his  final  balance  of  account. 

SEA-DELIVERY  OF  SEWAGE  FROM  HOUSES. 

It  is  not  an  uncommon  practice  for  persons  residing  near  the  sea-shore  to  take 
their  sewage  to  the  nearest  cliff  or  sands,  lea,ving  it  there  entirely  to  itself,  careless 
as  to  what°amount  of  nuisance  it  is  creating.    Deliveries  of  this  kind  can  easily  be 
found  by  tracing  the  passage  of  the  black  silt  across  the  sands  when  the  tide  is  oat, 
or  by  watching  the  detour  which  ped*^strians  make  in  order  to  avert  the  smell  wlien 
nearing  such  an  outfall.    Towns  are  allowed  to  discharge  their  sewage  into  the  sea, 
however,  only  below  the  line  of  low  water ;  but  this  is  a  very  different  thing  from 
turning  the  sewage  of  a  cluster  of  houses,  for  instance,  into  the  sea  above  high- 
water  mark.    In  unfrequented  haunts  the  nuisance  would  be  small,  but  it  is  very 
different  if  the  practice  be  resorted  to  in  the  neighbourhood  of  watering-places,  as  is 
frequently  the  case,  for  then  the  sewage  will  be  thrown  back  upon  the  shore  and 
contaminate  it.    Moreover,  as  has  been  pointed  out,  sea-water  does  not  readUy 
oxidise  sewage,  and  when  the  latter  becomes  incorporated  with  the  material  which 
forms  the  beach,  the  gases  evolved  therefrom  in  the  summer  are  dangerous  to 
health.    The  old  bathing-places  of  many  villages  have  been  entirely  destroyed 
by  the  inconsiderate  turning  of  sewage  into  the  sea,  and  several  cases  in  point  come 
prominently  to  my  mind,  where  even  the  neighbourhood  of  a  mansion  has  been 
polluted  for  want  of  care  in  this  particular,  and  coves  more  and  more  remote  sought 
in  turn,  in  order  to  enjoy  some  freedom  from  the  sea-borne  mud  and  wiiid-wafted 
odours. 

Leading  the  sewage  of  a  residence  to  the  sea,  or  even  the  overflow  of  cesspools, 
then,  is  one  of  the  clumsiest  modes  of  dealing  with  effete  matter,  and  recourse 
should  be  had  to  irrigation  of  some  kind.  There  is  almost  always  a  garden  where 
the  wastes  could  be  treated  in  a  sensible  manner,  and  the  gardener  who  does  not 
see  the  advantages  which  might  be  gained  by  a  utilisation  of  such  wastes  upon  his 
land  can  have  no  sense  of  propriety  or  economy. 
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.  """^  CHEMICAL  TEEATMENT  OF  SEWAGE 

It  sometimes  occurs  that  a  hn^lri^r.^  i  i 
no  convenience  for  the  rZval  orit^     '    T  "^^^  "  '"^'^^^^  off-.s 

into  or  no  land  helon^iZZt ^^^^^  ^^^^^  -  —  to  drain 

i.appens  ti.at  such  a  resfd  Le  and  offiLTr  f  ^^^n 

n..ning  stream,  when  fnlZ^l^Z-^^^^^^^^ 
insisting  upon  an  abatement  of  its  pouX     Vnt  T 

Hkolj  enough  that  recourse  must  be  hfd  o  ^^^f  /^^^^^  circumstances,  it  is 
several  meSiods  of  effecting  te  predpita:^^^^^^^^^  T  ^^-^  are 
chief  polluting  ino-redients    for  iW  ^       f  ^""^         ^^"^^^'^^  of  its 

Bradf^i-d^theV^trp^.^^^^^^  -d  at 

as  carried  on  at  Burnley  •  the  A  B  P      !,  /•  '        '^'coW  lime  process, 

Aylesbury;  and  the  PrTc^tit  a.//  ^''""^  °P^^^*-- 

Kivers'  pLWtion  Socie;"^!;!'    TrrulfoTtSs^^''^'  ^  T'I 

is  called  slud^re  and  ,>  l.nc  ...  ■  \  preciiDitation  of  sewage 

with  s«-en  pai-to  of  fine  raw  bone-n,e.l  and  oue  pit  of  ™Ipl,L  of  a^mlt  The 
clay   and  olmrooal   p,;ecip,ta„ts  _  in  proper  proportions-is   dried  by  v^eJC' 

Z.  ,  "'fS^,,"*  C"™'*}'  '"■•■dned  simply,  and  is  valuable  for  dressing  on 
.ie  land.    The  effluent  water  from  the  ta^ks  in  this  last  instance  is  the  r^ultant  of 

irrigation  as  well,  and  is  very  pure.  icbuitant  oi 

An  excellent  idea  of  the  values  of  the  various  systems  of  the  treatment  of  sewage 
by  chemical  agency  will  be  found  in  Professor  H.  Robinson's  work  on  '  s  Jate 
Disposal,  and  it  is  evident  that  much  has  to  be  considered  before  having  recourse 
o  precipitation.  There  is  no  work  extant  which  treats  of  the  adaptabiUty  of 
chomica  treatment  to  houses-all  the  recorded  systems  dealiiag  with  towns  and 
cities  only.  ° 

But  examples  must  be  multiplied,  and  the  results  carefully  analysed,  before  the 
treatment  can  be  deliberately  recommended.    Very  few  cases,  one  would  think 
would  occur  in  which  irrigation  of  one  kind  or  another  would  be  found  impossible' 
III  the  matter  of  country  houses  especially.  ' 
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CHAPTER  LXX. 


HOUSE  EXAMPLES  AND  CONCLUSIOX. 

Example  of  Cottage-drainage-Of  the  Drainage  of  a  Large  VUla-Of  the  Drainage-arrangements 
of  a  Large  Mansion— Sundi-y  Hints  for  Guidance  in  the  matter  of  House-drainage— Useful 
Memoranda  to  Persons  concerned  with  "Work  of  that  description. 

Before  concliKling  my  section  it  would  perhaps  serve  some  useful  purpose  if  I  were 
to  furnish   an   example  of  buildings  showing  drainage-arrangements  actually 


do  so, 


givinc 


three 


carried  out,  with  a  few  remarks  thereon.  I  will  therefore 
instances,  one  of  a  small  cottage,  one  of  a  large  villa,  and  one  of  a  large  mansion. 
It  will  be  impossible,  however,  upon  any  reasonable  scale  to  show  the  outhouses  and 
other  buildings  appertaining  to  the  two  lai-ger  plans  which  follow,  but  where  it  is  at 
all  necessary  the  relationship  of  these  to  the  main  drains  will  be  explained.  In  no 
case  were  brick  drains  made  use  of  in  any  way. 

It  should  be  borne  in  mind  that  in  laying  down  drains,  especially  soil-drains 
of  any  kind,  they  should  be  laid  down  upon  straight  lines  ;  and  whenever  a  fresh 
direction  is  necessary,  a  manhole  should  ' 

be  placed  at  each  diversion,  the  object  '   a  | 

being  not  only  to  be  able   to  clean  — ^ 

out  the  drain  easily  when  required, 
but  also  to  afford  a  line  of  sight 
through  the  drain  at  each  length. 

At  Fig.  277,  page  656,  I  purposely 
drew  an  example  of  a  house  drained 
on  curved  lines,  so  as  to  explain  what 
was  undesirable  in  this  respect ;  but  I 
did  not  complicate  it  by  drawing  the 
desirable  lines.  It  is  easy  to  see, 
however,  that  straight  and  not  curved 
lines  were  possible  there,  and  I  merely 
mention  this  because  straight  lines  are 
always  preferable  to  curved  lines, 
however  easy  the  latter  may  be.  Ex- 
amples of  drains  laid  down  on  straight 
lines  wUl  be  furnished  in  the  next  few 
pages.  It  is  sometimes  allowable  to 
curve  a  drain  which  does  not 


Fig.  313. 


underground. 


remove  anything  except  rain-water  to  a  tank 


At  Eig.  313  I  give-  the  sketch  of  a  small  one-storey  cottage  such  as  would  be 
inhabited  in  rural  districts,  and  containing  sufficient  accommodation  for  a  man  and 
wife  and  a  small  family,  requiring  the  use  of  one  bed-room  only. 

There  is  a  kitchen,  a  large  living-room,  and  a  parents'  bed-room,  with  store  and 
pantry  accommodation,  and  with  a  side  verandah,  up  the  posts  of  which  a  shade 
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c„„U  be  got  ,y  cli„,bi„g-p,a„t..    Nothing  could  be  simple.  t,,a„  the  „,a„  of  such  a 

It  might  be  that  this  cottage  could  be  placed  in  proximity  to  a  dr.in  1«  r  . 
sewer,  in  which  case  the  closet  at  a  could  be  a  sewL'^T  ^        T         ""^"^^  ^ 
a  double  seat,  one  .ith  an  aperccxre  suit  eC  chHd^^^^^^^^^^^  ^f' 
would  be  disconnected  from  the  drain  -^'^         ^^^^^  closet 

disconnection-traps  explained  in  ChaZL^^^^^^  1  ^  °'  ^^^"^ 

1^  into  a  proper  drahj  then  in  tha^  le  ^  .alt^^ri^^: 
be  led  into  a  small  disconnection-gully,  suitable  for  cottages  at  b  •  s  I  a  tran  a^ 
for  instance,  the  nitercepting-gully  known  as  Dean's,  and  made  witi  li^tt  sZo  ' 
uch  as  I  have  drawn  at  Fig.  256.  The  rain-water  would  likely  enougrbe%« 
from  the  down  pipes  at  roof,  and  led  into  a  tub  at  with  a  draw-off  from  t 
and  a  small  gully  underneath.  Such  a  collection  of  rain->vater  would  al  Z  bo 
useful  for  ^vashlng-purposes,  and  if  a  separate  small  washhouse  were  attached 
to  the  building  so  much  the  better,  a.  the  wastes  could  in  that  case  be  coUec  d 
xn  one  of  he  automatic  flushing-tanks  described  by  me  (see  Fig.  279,  for  instanc^^^^^^ 
which  would,  when  full,  deliver  its  contents,  and  so  flush  out  the  draiL  " 

I^ikely  enough,  however,  such  a  cottage  in  the  country  would  be  erected  far  away 
from  any  dram,  and  in  that  case  the  treatment  would  be  different.    Then  very 
possibly  with  advantage,  the  closet  a  would  become  an  earth  or  ash  close't  the 
former  being  preferable,  as  being  more  suitable  for  use  in  small  gardens,  such  as  are 
always  attached  to  cottages  of  this  description.    Then,  also,  with  no  regular  drain 
the  kitchen  smk  would  best  be  delivered  into  a  small  flush-tank,  which  would 
receive  the  kitchen  liquid  wastes;  and  if  there  were  no  small  waslihouse,  and  the 
washing-tub  were  placed  on  the  sink  c,  the  wastes  would  deliver  all  the  same  into 
the  flushuig.tank,  which  would  be  placed  outside  the  house  at  d.    When  it  became 
necessary  to  empty  the  bed-chamber  slops,  it  would  by  no  means  be  a  sanitary 
practice  to  empty  them  down  the  sink  c,  despite  the  access-trap  which  would  be 
wisely  placed  there,  and  these  slops  should  rather  be  carried  down  the  steps  f  and 
emptied  over  the  grating  of  the  flush-tank  at  d,  which  is  in  the  open  air.  This 
tank  would  be  ventilated  by  a  small  pipe  on  the  roof,  so  as  to  remove  any  possible 
smell,  and  the  tank  would  be  occasionally  cleaned   out  to  keep  it  in  sweet 
condition. 

I  have  already  explained  in  Chapter  LXVIIl.  how  very  easily  such  slops  as 
would  here  be  collected  could  be  utilised  by  sub -irrigation  on  a  small  plot  of  ground 
laid  out  for  the  purpose,  and  I  am  sure  that  once  a  cottager  became  acquainted  with 
the  wisdom  of  such  treatment  of  his  wastes,  he  would  never  drain  into  an  open 
ditch,  or  into  garden  pools  or  cesspools.    It  is  very  rarely  indeed  that  a  garden  is 
situated  where  there  is  no  running  stream  into  which  his  effluent  water  could  be  led. 
The  main  thing  to  teach  a  cottager  is  to  avoid  draining  into  an  open  ditch,  where 
all  kinds  of  wastes  lie  festering  throughout  the  year,  and  do  not  drain  away.  If 
recourse  must  be  had  to  a  cesspool,  then  this  receptacle  must  be  built  of  brick  in 
cement,  and  made  perfectly  Avater- tight,  by  rendering  it  with  cement  inside;  and  it 
should  be  placed  as  far  as  it  is  possible  from  any  well,  ventilated  in  some  proper 
fashion  also,  with  radial  overflows  made  of  common  agricultural  pipe,  laid  some  foot  or 
so  undergi-ound.    It  should  also  have  a  common  pump  fixed  over  it,  not  only  to 
facilitate  emptying  it,  but  to  remind  the  cottager  by  its  very  presence  that  the 
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contents  can  be  made  useful  to  tlie  land  all  the  year  through.  If  the  pump-mouth 
were  fitted  with  a  screw,  and  the  man  had  a  length  or  two  of  common  hose,  he 
could  distribute  the  sewage  very  much  better. 

A  cottage  or  a  congregation  of  cottages  treated  in  the  improved  methods 
mentioned  above  would  greatly  conduce  to  better  health  in  country  villages,  besides 
teaching  the  tenants  of  the  houses  cleanliness  and  economy ;  and  it  should  be  the 
duty  of  every  inspector  dealing  with  such  things  to  see  that  no  dwelling,  however 
small,  should  be  allowed  to  be  inhabited  until  the  wastes  were  in  some  way  or  other 


Fig.  314. — Large  Siirljurban  Villa. 


satisfactorily  disposed  of.  The  majority  of  our  country  cottages  and  their 
surroundings  are  simply  Liliputian  pest-places. 

I  will  now  furnish  an  example  of  the  drainage-arrangements  of  a  large  villa, 
designed  by  me,  and  erected  on  one  of  the  northern  heights  of  London.  This  is 
shown  at  Fig.  314. 

In  this  instance  it  was  considered  desirable  to  collect  the  rain-water  from  the 
roofs,  and  deliver  it  into  a  rain-water  tank  for  use  in  the  laundry  and  gardens. 
This  rain-water  tank  is  shown  at  A,  and  the  single  dotted  lines  represent  the  drains, 
which  collect  the  rain  water  from  the  down  pipes,  x  x,  into  the  tank.  None  of 
these  rain-water  pipes  descend  inside  the  house.  The  drains  which  remove  the 
closet  and  sink  wastes,  &c.,  are  shown  by  the  strong  black  line,  and  it  will  be 
noticed  that  none  of  these  drains  run  inside  the  house.  The  plan  exlnbits  the 
ground  floor,  the  cellars  being  mostly  wine  and  beer  cellars.  The  closets  are 
situated  as  under:  b  being  the  billiard-room  closet,  c  the  house  closet,  d  the 
servants'  closet ;  and  the  soil-pipes  from  the  upstairs  closet  descend  on  the  outside, 
and  are  ventilated  to  above  roof.  The  sinks  are  as  under : — The  scullery  sink  at  E 
the  butler's  pantry  smk  at  f,  the  entrance-hall  lavatory  at  g,  and  the  billiard-room 
lavatory  at  h.  The  wastes  of  the  housemaid's  sink,  bath,  &c.,  descend  in  the 
comer  j,  where  they  are  disconnected  into  the  open  air.  Every  waste  delivered  in 
the  open  air  except  simply  the  soU-pipes,  and  the  disconnection-gullies  used  for  the 
49 
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bath  and  sink  wastes  were  of  the  simplest  kind.  Beyond  the  point  k,  where  the  two 
drams  make  junc  ion,  was  built  a  disconnection-chamber  with  sypho^, iXe  '  t! 
ansKle  hecovex.d-up  manhole,  such  as  I  have  figured  in  a  former  chapt  r  S 
house-dram  had  no  communication  with  the  drainage  from  the  lod^e  as'it  wa! 
possible  mfectious  cases  might  be  present  in  the  latter,  to  the  detSmen^  of  Z 
inmates  of  the  house,  and  both  had  therefore  separate  entiy  into  the  sew  ^  th 
roadway.    The  laundry  was  also  drained  separately  into  the  main  drain  because  it 

wet  T"/^^^'r  ^^^'^^^  waste^'f^om  the 

were  collected  into  a  hquid  manure-tank,  with  pump  attached  for  use  in  the 

The  basement  or  cellars  had  a  separate  drain  marked  by  the  double  dotted  line 
but  this  dram  was  disconnected  at  a  ventilated  gully,  m,  before  it  passed  into  the 
mam  dram.    The  disconnecting-gullies  round  the  house  are  shown  at     j  and  p 

As  a  sewer  had  been  provided  for  the  district  in  which  this  house  was  built  it 
was  not  considered  desirable  to  irrigate  with  the  drainage  upon  the  ground  in  a^nv 
manner  It  is  easy,  however,  to  see  that  this  could  be  very  weU  effected  by  any  of 
the  methods  shown  in  former  examples. 

I  wUl  now  give  an  example  of  a  large  mansion  in  Lincolnshire,  the  draina-e  of 
which  I  undertook  so  as  to  bring  it  within  modern  principles.  This  residence  is 
shown  m  plan  at  Fig.  315.  The  faint  continuous  lines  represent  the  rain-water,  and 
the  bulk  of  these  drains  lead  to  a  large  rain-water  tank  situated  at  e  w,  having  filters 
before  it.  The  overflow  of  this  tank  is  by  the  double  faint  continuous  lines  in  the 
du-ection  of  x  x,  where  the  water  passes  into  a  stream.  A  small  water-engine  at 
w  w,  worked  by  the  waterworks  which  I  erected  some  two  miles  distant,  raises  the 
rain-water  from  this  tank  to  a  tank  at  the  top  of  the  house  for  the  purpose  of  ablu- 
tion. The  drains  from  the  house  are  shown  by  the  darker  continuous  lines,  and  are 
nowhere  taken  just  inside  the  house,  except  between  r  and  e,  where  they  are 
surrounded  by  concrete. 

The  basement  is  drained  along  the  thick  dotted  line,  and  this  drain  became 
necessary  in  order  to  take  the  water  from  the  hydraulic  lift,  and  also  to  drain  tlie 
passages.  But  this  drain  does  not  enter  into  the  main  drain  until  it  has  been  dis- 
connected and  rendered  safe.  The  soil-pipes  are  nine  in  number,  and  the  where- 
abouts of  their  descent  is  marked  s,  each  pipe  being  placed  outside  the  house,  and 
duly  ventilated  to  above  roof,  the  closets  being  all  valve-closets,  with  the  exception 
of  the  servants'  closets,  which  are  wash-out  closets,  placed  at  F  and  m.  It  will  be 
seen  by  the  position  of  the  various  disconnection-chambers,  which  are  marked  r>,  that 
these  chambers  are  placed  as  close  to  the  walls  of  the  house  as  could  conveniently 
be  got,  a  current  of  fresh  air  being  let  into  each  chamber  from  a  proper  inlet.  Inspec- 
tion-chambers are  placed  at  x,  wherever  this  letter  is  shown,  and  also  at  other  places. 
The  waste-pipes  from  the  baths,  the  upstairs  and  downstairs  sinks,  all  deliver  into 
gullies  outside  the  house.  The  grease-chamber  is  placed  outside  the  house  at  J.  The 
house-drains,  after  passing  through  the  vaiious  disconnection-chambers  marked  d, 
converge  in  the  direction  of  a,  b  and  c,  and  at  some  distance  below  c  they  meet. 
At  some  hundred  feet  distance  from  the  point  where  the  three  make  junction 
the  sewage  is  taken  into  a  straining-chamber,  whence  the  solids  are  removed  daily, 
the  liquids  passing  into  a  tank  of  considerable  dimensions,  having  an  annular  syphon 
lixed  in  it,  the  action  of  which  is  explained,  and  the  whole  apparatus  drawn  in 
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sec  ion  at  Fig.  281.  When  the  water  has  risen  up  to  a  certain  height  in  the  tank  the 
syphon  IS  started,  and  the  whole  of  the  contents  of  the  tank  are  discharged  in 'this 
instance  upon  one  or  more  of  a  series  of  osier-beds,  the  effluent  being  caught  in 
a  deep  ditch.    There  is  no  cesspool  anywhere.  o       o  ±^ 

The  disconnection-chambers  marked  d,  are  all  of  a  pattern  similar  to  that  drawn 
at  Fig.  316,  and  are  formed  with  brick  sides  well  cemented.  The  action  of  these  air 
chambers  was  described  in  one  of  my  earlier  chapters.    It  may  here  be  added  that 

between  the  junction  of  the  drains,  where 


A,  B,  and  c  unite,  and  the  large  flushing- 
tank  with  strainer  for  solids  in  front, 
manholes,  acting  also  as  ventilators,  were 
placed  from  time  to  time.  Hydrants  for 
Fig.  316;— flushing  out  the  drains  were  placed 
1  . ,  »  '  .  wherever  the  letter  h  is  drawn,  and  pipes 

were  laid  from  these  points  to  the  disconnection-chambers,  the  scouring-power  of 
the  water  being  equal  to  a  run  through  a  4-in.  pipe  from  a  distant  reservoir  some 
sixty  or  seventy  feet  above  the  plateau  on  which  the  house  was  built. 


THE  RENTING  OF  HOUSES. 

A  person  Who  thinks  of  taking  a  house  of  any  kind,  in  town  or  country,  would 
do  wisely  to  have  the  drainage-arrangements  examined  by  some  competent  authority 
.m  order  to  see  that  they  are  soundly  jointed  and  free  from  deposits,  the  soil-pipes 
properly  tight  and  well  ventilated,  the  sink,  bath,  lavatory,  and  other  wastes  dis- 
connected m  the  open  air,  and  the  wastes  or  overflows  of  all  cisterns  treated  in  a 
similar  manner.  The  sinks  and  lavatories,  etc.,  should  also  be  examined  to  see  if 
they  are  properly  trapped,  for  disconnection  in  the  open  air  is  not  sufficient,  since 
any  effluvium  from  the  trapping-water  of  a  gully,  or  the  smell  of  any  filth  in 
the  pipe,  will,  in  the  absence  of  a  trap,  be  often  sucked  into  the  room.  Floor- 
traps  inside  the  room  should  also  be  removed  unless  these  deliver  again  into  the 
open  yard  or  area.  And  previous  to  entering  upon  residence,  the  tenant  should 
make  sure  that  all  the  cisterns  are  thoroughly  cleaned  out,  and  that  no  sink  or 
draw-off  tap  where  drinking-water  can  be  drawn  is  in  communication  with  a  cistern 
which  supplies  a  water-close  fc. 

It  is  not  at  all  a  settled  point  as  to  whether  a  landlord  or  lessor  is  obliged  to 
provide  the  incoming  tenant  with  other  than  pan-closets ;  but  whether  this  be  so  or 
not,  it  is  advisable  that  some  arrangement  should  be  come  to  in  the  way  of  replacing 
such  closets  by  valve  or  other  improved  conveniences  of  this  kind.  The  landlord  is 
certainly  obliged  nowadays  to  disconnect  his  sinks  and  cistern-wastes,  and  to 
provide  ventilated  soil-pipes.  The  drain  must  also  be  sound,  and  trapped  ofl"  from 
the  sewer  in  some  manner.  In  regard  to  the  last  precaution,  the  landlord  should 
be  required  to  show  a  late  or  present  report  from  the  District  Surveyor's  office,  or 
Sanitary  Authority,  stating  also  that  the  drainage  runs  away  freely,  and  that  the 
outfall  is  cleanly. 

With  reference  to  a  disconnection  between  the  main  drain  and  the  sewer,  by 
which  is  meant  a  chamber  with  open  channel  pipe,  a  syphon,  fresh-air  inlet,  and  a 
manhole-cover,  the  landlord  often  refuses  to  go  to  this  expense,  and  contends  tliat 
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it  is  nowhere  made  compulsory  upon  him  to  provide  such  a  contrivance.  This  is  so 
I  true ;  but  rather  than  the  trap  between  the  house-drain  and  the  sewer  shou  d 
1  form  of  a  Mason's  or  dip-trap,  it  would  be  weU.  if  the  landlord  refuses  to 
provide  for  a  disconnection  of  some  sound  kind  with  an  air-inlet,  for  the  incoming 
tenant  to  provide  one  for  himself,  removing  any  dip-trap,  and  seeing  that  there  is 
no  trap  at  the  foot  of  the  soil-pipes  to  stay  the  constant  ventilation  which  an  air- 
chamber  is  meant  to  provide. 

The  above  general  rules  should  guide  every  one  seeking  for  a  house.  It  the  House 
has  been  lately  re-drained  under  proper  supervision,  and  if  a  certificate  has  been 
granted  to  it  by  an  efficient  engineer  as  being  healthworthy,  this  should  mean  that 
all  the  foregoing  rules  have  been  carried  out.  Even  then,  however,  the  cisterns 
should  be  cleaned  out,  the  syphon-chamber  and  air-inlet  examined,  and  the  guUies- 
and  drain  flushed  out ;  and  always  after  painters  or  decorators  have  had  the  run  of 
the  basement  for  a  time,  the  whole  of  the  traps  and  drains  should  be  examined  to 
.see  if  they  are  free  from  the  many  foreign  materials  which  they  are  apt  carelessly 
to  throw  into  the  drain,  by  way  of  some  handy  sink  or  yard-trap. 

Experience  teaches  over  and  over  again  that,  as  a  rule,  it  is  not  wise  for  an  in- 
coming tenant  to  aUow  the  landlord  to  "  put  the  drains  right  for  him  "  before  he 
takes  up  residence,  inasmuch  as  on  too  many  occasions  the  remediary  work  is  given 
to  mere  jobbing  buHders,  who  do  not  understand  the  disconnection  and  ventilation 
of  drains.  The  wisest  plan  is  for  the  tenant  to  employ  some  competent  person  to 
make  a  report  upon  the  sanitary  arrangements  of  the  residence  as  left  by  the  last 
tenant,  and  then  to  stipulate  that  certain  work  must  be  executed  to  the  satisfaction 
of  his  engineer  before  any  agreement  or  lease  is  signed.  It  is  not  an  uncommon 
occurrence  to  find  a  tenant  who  has  entered  upon  a  house  being  obliged  to  leave  it 
before  he  has  occupied  it  for  a  month,  and  to  be  put  to  the  inconvenience  of  having 
much  work  carried  out  before  he  can  resume  occupation,  and  this  at  his  own  expense, 
with  no  remedy  against  his  landlord.  It  is  for  the  interest  of  lessor  and  lessee  alike 
that  everything  should  have  been  put  in  good  order  at  the  first.  Cases  do  occur 
where,  from  faulty  drainage,  a  tenant  can  justifiably  refuse  to  remain  in  the  house, 
and  refuse  to  pay  rent  then  due  and  future  rent  as  well ;  but  an  invocation  of  the 
law  in  these  cases  is  a  very  expensive  course  to  take,  and  the  cost  of  proving  that 
the  house  was  uninhabitable,  or,  vice  versa,  that  it  might  be  regarded  as  a  healthy 
one,  invariably  turns  out  to  be  moreover  a  very  tedious  and  doubtful  matter,  in- 
volving the  examination  of  many  kinds  of  witnesses. 


USEFUL  MEMORANDA. 

The  following  memoranda,  taken  from  several  sources,  may  be  taken  as  fairly 
reliable,  and  will  be  found  useful : — 

Watee. 

277*123  cubic  inclies  =  1  gallon. 

1  gallon  weighs  10  lb.,  and  occupies  0'16  of  a  cubic  foot ;  6J  gallons  =  1  cubic  foot. 
1  cubic  foot  weighs  62*4  lb. 

1  cwt.  =  1-8  cubic  feet  or  11-2  gallons,  and  1  ton  35-9  cubic  feet  or  234  gallons. 
1  cubic  foot  multiplied  by  0 '557  =  1  cwt.  nearly. 
1  cubic  foot  multiplied  by  0*028  =  1  ton. 
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The  daily  average  consumption  of  water  per  head  is  nhnnf  «  „  ii  '  

more  is  required  in  sumn^er  than  in  ^^ter    It  L  us^  tn'^ 

per  individual  per  day.  ''"'^  *°  calculate  for  up  to  30  gallons 

Sbwaoe. 

A  velocity  of  60  feet  per  minute  ^viU  suface  for  H^wno-a  ^  . 

feet  per  minute  for  strained  sewage,  and  one  ofTsI)  fl^tt  °-  9« 

One  inch  in  depth  of  sewage  over  an  acre  of  Cd  L       ^  f  ^  "^"^'^^  sewage. 

Taking  all  ages  and  sexes  togetherXri/a"olT^^^^  °^  '"'^'^ 

fcecal  and  40  ounces  of^urina'rTdiSgeToTa'to^^^^^^^  °.  ^^1""  "  "'^'^^  ^^^^^  °f 
reckon  the  soM  to  the  fluid  evSuations  fs  i  to  16  ""^^  ^^""^^ 

Measures. 

Lineal  feet  multiplied  by  -00019  =  mUes,  and  lineal  yards  multipKed  hv  -OOO-ififi 

Square  yards  multipHed  by  -0002067  =  acres.  muiiipuea  by  000568  =  miles. 


DEFECTIVE  SANITARY  APPLIANCES  AND 
ARRANGEMENTS. 

By  Phofessoe  W.  H.  Cosfxeld,  M.A.,  M.D.  (Oxon.). 


CHAPTER  LXXI. 

DEFECTS  IN  DRAINS  AND  DRAINAGE. 

Nature  of  Defective  Sanitation— Faults  of  Old  Drains  and  Cesspools-Old  Traps— Defects  in  Laying 
Drain-pipes— Faulty  Connections— VentQating-pipes— Various  Defects  through  wluch  Foul  Air 
may  enter  a  House -Faults  in  Yard  and  Sink  Drainage— Connection  of  Water-supply  with  Soil- 
pipes. 

When  refuse  organic  materials  are  allowed  to  accumulate  in  and  about  liouses, 
decomposition  takes  place  in  them,  and  foul-smelliug  substances  escape  into  and 
contaminate  the  air,  the  soil,  and  the  water  around. 

Under  such  circumstances  deterioration  of  the  health  of  persons  living  in  houses 
where  this  is  the  case  of  necessity  takes  place ;  and  so  the  general  death-rate  in 
towns  where  the  refuse  materials  of  the  population  are  not  continuously  removed 
from  the  houses  is  high,  and  is  invariably  lessened  by  the  more  speedy  removal  of 
such  refuse  matters,  no  matter  by  what  means  such'  removal  is  carried  out. 

As  young  children  are  more  aflfected  by  impure  air  than  adults,  it  is  found  that 
in  such  towns  the  death-rate  of  children  is  especially  high. 

Since  the  refuse  excretal  matters  from  human  beings  may,  and  not  unfrequently 
do,  contain  poisons  of  certain  specific  diseases,  the  more  these  refuse  matters  are 
retained  about  the  premises,  the  more  likely  are  such  diseases  to  spread. 

The  Oriental  plague  and  cholera  have  always  prevailed  most  in  the  filthiest 
places,  and.  on  the  other  hand,  in  towns  where  the  refuse  materials  are  most  speedUy 
removed,  "  cholera  epidemics  have  been  rendered  practically  harmless." 

Enteric  or  typhoid  fever  is  also  a  disease,  the  poison  of  which  is  especially 
spread  by  means  of  excremental  matters,  and  it  is  found  that  this  disease  prevails 
especially  in  places  where  excremental  matters  are  collected  in  and  about  the  habita- 
tions, and  where  the  soil  and  the  water  in  the  wells  get  contaminated  by  these 
matters. 

It  is  for  this  reason  that  typhoid  fever  and  cholera  are  more  especially  prevalent 
upon  pervious  soils.  People  living  upon  such  soils  obtain  their  drinking-water  from 
wells  dug  near  to  the  houses,  and  it  is  plain  that  if  excremental  matters  are  allowed 
to  get  into  the  soil  they  will  find  their  way  into  the  wells.  If  then  these  matters 
contain  the  poison  of  typhoid  fever  or  of  cholera,  the  drinking-water  will  become 
contaminated  with  it,  and  thus  the  disease  will  be  spread. 

Diphtheria  is  another  disease  which  is  also  without  doubt  propagated  by  means 
of  foul  matters  containing  the  special  poison  of  the  disease ;  but  while  the  poisons  of 


712 

OUR  HOMES. 


enteric  fever  and  cliolera  seem  to  be  especially  conveyed  bv  mean^  of  fnnl  . 
tho.^h  no  doubt  occasionally  also  by  foJair,  tL  poiso'n  ofXTthrria^^/^^^^^^^^^ 
hand  xs  especially  conveyed  by  foul  air,  but  is  also  certainly  L  some  nslnces  on 
veyed  to  human  beings  through  the  medium  of  foul  drinking-water 

Diarrhc^a  ^yhich  produces  so  large  a  number  of  deaths  in  the  summer  especiallv 
m  our  large  towns,  is  also  produced  to  a  very  great  extent  by  the  drrHnZf  2 
yater  at  a  temperature  above  60=  Fahrenheit;  and  is  no  doubt  produce!  bv  the 
decomposition  of  organic  matters  contained  in  such  water,  mo^  erecialfy  t 
decomposing  excremental  matters.  especially  by 

Relaxed  and  ulcerated  sore  throats  are  also  very  frequently  caused  by  livin.  in 
atmospheres  contaminated  with  the  results  of  fcecal  decomposition.  An  outWk  S 
sore  throat  in  a  house  is  a  very  frequent  sign  of  defective  fanitary  arrangements  by 
which  fou  mat  ers  are  allowed  to  accumulate,  and  the  result  of  their  decomp^  kon 

conimu'nifTtr  f  T\  importance  for  the  health  of  the 

community  that  foul  refuse  matters  should  be  removed  continuously  and  speedily 
from  the  vicinity  of  habitations.  This,  necessary  everywhere,  is  especiallv 
necessary  m  large  towns  where  so  many  thousands  of  people  are  congregated 
together  upon  comparatively  small  spaces,  where,  therefore,  the  accumulation  of 
foul  refuse  matters  is  liable  to  be  so  much  greater  on  a  given  area  than  among 
more  scattered  populations,  and  where,  too,  other  unsanitary  conditions  of  necessity 
exist  to  a  greater  or  less  extent,  and  are  aggravated  by  the  unnecessary  presence  of 
toul  organic  matters  in  a  state  of  decomposition. 

Defective  sanitary  appliances  and  arrangements  are,  therefore,  those  which  allow 
ot  the  retention  and  accumulation  of  foul  refuse  matters  in  and  about  the  houses; 
and  sanitary  arrangements  are  the  more  perfect  the  more  completely  they  allow  of 
the  speedy  and .  continuous  removal  of  such  refuse  matters,  and  the  more  they 
prevent  any  accumulation  of  such  matters,  however  small. 

It  will,  therefore,  be  well  to  learn  the  defects  which  are  usually  found  in  the 
drains  and  sanitary  fittings  of  modern  houses.  Comparatively  few  people  have  the 
opportunity  of  buHding  houses  for  themselves,  the  majority  being  obliged  to  take 
possession  of  those  which  are  as  perfect,  or  rather  as  imperfect,  in  these  respects 
as  most  houses  which  are  built  at  the  present  time. 

The  knowledge  which  it  is  important  to  possess  should  enable  the  tenant  to 
understand  the  difficulties  with  which  he  will  have  to  contend,  if  his  house  is  to  be 
so  altered  as  to  meet  all  the  requirements  of  health.  As  the  doctor  knows  where 
to  look  for  disease,  the  householder  should  know  where  defects  are  likely  to 
be  found,  and  by  appreciating  the  character  of  the  evil,  will  be  able  to  understand 
the  steps  which  must  be  taken  to  put  the  house  into  a  thoroughly  habitable  condition. 


DRAINS. 

Whatever  system  of  removal  be  adopted  for  the  solid  refuse  matters,  a  large 
amount  of  foul  water  must  be  disposed  of  in  all  households,  and  so  channels,  or 
pipes,  for  the  removal  of  this  foul  water  are  necessary  in  all  cases.  These  are 
commonly  called  house-drains,  or,  more  shortly,  drains,  though  they  would  be  more 
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Fiff.  317.— Rectangular  Brick  Dram 
witli  Tile  Cover,  leaking  into  Soil 
around. 


appropriately  denomiiaatecl  house-sewers;  as  by  a  drain  is  strictly  meaxit  a  chaW 
for  the  removal  of  surplus  water  from  the  surface  or  subsoil,  and  by  a  sewer  is 
LntVraLl  for  the'removal  of  foul  water  from  dwellings     Popuhn^y  hower 
the  term  sewer  is  restricted  to  the  larger  pipes,  or  channels,  by  which  the  toui 
tterTom  a  number  of  houses  is  removed,  and  pipes  belonging  to  a  single  house 
Xe  called  drains.    This  is  the  case  because,  in  the  first  instance,  these  channels 
were  made  for  the  removal  of  surplus  surface-water,  and  it  was  only  secondarily 
that  they  came  into  use  for  the  removal  of  refuse  matters  from  houses  Has 
being  so,  they  were  only  made  of  pervious  materials,  so  that  the  water  could  easily 
get  Jito'them,  whether  from  the  surface  or  from  the 
soil  beneath.    If  water  could  get  into  them,  it  is  clear 
that,  under  certain  circumstances— as,  for  instance,  if 
they  got  choked  up— water  could  find  its  way  out  of 
them  into  the  soU  around ;  and  as  these  drains  were 
made,  in  the  great  majority  of  instances— especially  in 

laro-e   towns  to  run  underneath  the  basements  of 

houses,  and  often  in  close  proximity  to  wells,  the  foul 
water  found  its  way  through  them,  and  contaminated 
the  soil  under  the  houses,  and  the  water  of  the  wells. 

Such  drains  were  made,  and  are  still  often  found 
under  old  houses,  of  bricks  set  in  mortar  without  any 

cement,  either  between  the  bricks  or  lining  the  interior  of  the  drain,  of  rectangular 
section,'  so  that  there  was  the  greatest  amount  of  friction  and  the  greatest  likelihood 
of  deposit  occurring.  Sometimes  the  top  of  the  drain  was  covered  with  slabs  of  stone, 
at  others  with  half-tiles,  forming  a  sort  of  rude  arch  (Fig.  317).  Not  only  were  drains 
so  constructed  pervious  to  water  at  first,  but  they  became  more  so  as  time  went 

on.  The  mortar  was  washed  out  of  the 
joints,  so  that  in  old  drains  of  this 
kind  the  bricks   can   frequently  be 
easily  pulled  out  with  the  hand.  But 
rats  worked  their  way  through  them 
into  the  houses,  carrying  foul  matters, 
and  perhaps  the  poisons  of  certain 
communicable  diseases,  with  them  to 
various  parts  of  the  houses,  and  es- 
pecially to  the  food  in  the  larder,  or 
store-room ;   and,  moreover,  foul  air 
from  the  drains  entered  the  houses  by 
the  holes  made  by  the  rats,  and  ren- 
dered the  air  impure  (Fig.  318). 
Not  only  were  these  brick  drains  porous,  but  they  were  far  too  large  for  the 
purpose  for  which  they  were  required  ;  and,  especially  as  they  frequently  had  but  a 
slight  fall,  the  amount  of  water  passing  through  them  was  not  sufficient  to  keep 
them  clear  of  deposit.    In  order  to  prevent  such  drains  being  a  nuisance  to  the 
persons  inhabiting  the  houses,  it  was  sometimes  the  practice  to  cover  a  large  part 
or  the  whole  of  the  basement  of  the  house  with  a  layer  of  concrete  three  or  four 
inches  thick. 


1)' 


Fig.  318. — Eat-runs  from  Defective  Drain  into  Base- 
ment, Foul  Air  escaping  into  House. 
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Fig.  319^Eat-ruii  from  Defective  Drain  of  one 
House  into  Basement  of  another. 

A,  Defective  Drain  ;  n.  Rat-run.     N.B.-Ovcr  A  is  a 
layer  ot  concrete. 


wa,.     In  one  instance  wMch  ca,ne  nnde,  V  n-l^e  Tte"  S 

at  Tori—;  rnS;i^^:LrHaTr '°  .^i, 

on  aoeo..t  „,       fact  tKa.  s.elfs  wce'owlt         f^t  tTc^i's 

of  the  pavement  m  the  basement— not  near  the  drain  nf  ih.  ■  ^ 

on      si.e  ..note  f.™  it,  an.  =«..st  a  neiilo^  t:^?^:^;" 

up,  when  It  was  found  that  the  rats  had 
made  a  channel  from  the  drains  of  the 
neighbouring  house  into  the  basement  of 
the  house  in  question,  under  the  hearth- 
stone of  the  kitchen  grate,  no  doubt 
attracted  by  the  warmth,  and  also  by  find- 
ing that  it  was  the  easiest  way  out  of  the 
drain  into  one  of  the  houses  (Fig.  319). 
Under  this  hearthstone  were  more  than 
a  score  of  dead  rats,  in  all  conditions  of 
decay,  from  dry  skeletons  to  recent 
fT.;c       I.  ■   .  corpses;  and  the  reason  they  had  found 

this  to  be  the  easiest  way  was  that  the  owners  of  the  next  house,  havin-  ex- 
penenced  a  considerable  nuisance  from  their  drains,  had  had  them  and''  the 
whole  basement  covered  with  three  or  four  inches  of  concrete.  As  they  had 
no  nuisance  m  their  own  house,  it  was  with  the  gi-eatest  difficulty  that  they 
could  be  persuaded  that  their  drain  could  produce  a  nuisance  anywhere  else 
or  that  there  was  any  necessity  for  them  to  have  anything  done  to  it.  I  should 
add  that  the  drain  in  question  was  not  only  most  imperfectly  constructed,  but  com- 
municated directly  with  the  street  sewer,  so  that  the  rats  had  opened  a  connection 
between  the  interior  of  the  house,  in  which  the  owner  had  had  everything  done  that 
was  possible  to  put  his  house  in  a 
wholesome  condition,  and  the  main 
sewers  of  London. 

Since  sucfi  brick  and  tile  construc- 
tions were  originally  meant  to  carry 
off  the  surplus  drainage-water  of  the 
town,  they  were  naturally  taken  to  the 
nearest  watercourse;  and  so,  when 
refuse  matters  from  houses  began  to  be 
turned  into  them,  it  was  thought  de- 
sirable that  some  means  should  be 
adopted  for  preventing  the  more  solid 
parts  of  such  refuse  from  getting  into 
the  rivers,  and  it  was  usually  the  prac- 
tice to  have  one  or  more  pits,  or  cesspools,  connected  with  the  drainage-arrangements 
of  a  house.  These  cesspools  were  usually  constructed  with  as  little  care,  as  regards 
their  being  pervious  or  impervious  to  water,  as  the  drains  themselves.  Indeed,  in 
some  instances  they  were  deliberately  made  as  pervious  as  possible— their  brick 


Fig.  320.— Cesspool  leaking  into  Soil,  and  con- 
taminating the  Water  in  Well. 
A,  Cesspool ;  B,  Drain ;  c.  Well. 
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^.alls  not  even  being  joined  with  mortar-in  order  that  as  much  water,  or  rather  as 
much  foul  water  as  possible  should  percolate  out  of  them. 

In  one  toAvn  it  was  the  practice  in  constructing  a  cesspool  to  dig  down  to  a 
»sprin-,"  in  which  case  the  cesspool  needed  no  other  outlet,  and  never  required  to 
be  emptied;  a  stone  was  put  over  the  top  of  it,  and  it  was  sealed  up  "for  ever  — 
the  acme  of  all  that  could  be  done  in  removing  foul  matters  from  houses  being 
considered  to  be  reached  by  this  method.  These  cesspools  were  placed  either  actuaUy 
under  the  house,  or  in  the  immediate  vicinity,  and  frequently— I  might  almost  say 
generally— at  a  short  distance  from  the  well  which  supplied  the  family  with  drinking- 
water  (Fig.  320).  The  well,  of  course,  collecting  water  from  the  soil  around,  was 
supplied  very  largely  by  the  foul  water  that  percolated  from  the  pervious  drains 
and  cesspools  under  or  near  the  house. 

It  is  to  this  "circular  system"  of  water-supply,  as  it  has  been  termed,  that 
we  owe  the  fact  that  enteric,  or  typhoid  fever,  and  cholera— diseases  the  poisons  of 
which  are  chiefly  spread  by  means  of  impure  drinking-water— are  far  more  prevalent 
upon  pervious  soUs,  so  healthy  in  other  respects,  than  upon  impervious  ones,  which 
do  not  permit  so  readily  of  soakage  through  them,  and  in  which,  moreover,  wells  are 
not  so  frequently  dug,  partly  on  account  of  the  difficulty  of  getting  water,  and  partly 
because  it  is  not  so  clear  and  sparkling  and  pleasant  to  the  taste  as  the  water  from 
gravels  or  sands,  so  that  the  drinking-water  has  to  be  procured  from  sources  which 
are  less  likely  to  be  contaminated  by  soakage  from  cesspools  and  drains. 

As  these  porous  drains  ofiered  little  obstacle  to  the  passage  of  foul  air  from  the 
sewers  or  cesspools  into  the  houses,  a  contrivance  was  devised  for  preventing,  at  any 
rate,  the  rush  of  a  current  of  air  up  the  drain.  This  consisted  in  making  a  pit,  or  re- 
ceptacle, in  the  course  of  the  drain,  before  it  reached  the  sewer  or  cesspool,  and  fixing 
a  slab  of  stone  or  slate  right  across  the  drain,  over  the  middle  of  this  pit,  and  dipping 
two  or  three  inches  iato  the  water  that,  of  course,  always  remained  iu  it  up  to  the  level 
of  the  outlet  leading  to  the  sewer  or  cesspool.  This  construction  was  known  as  the 
dip-stone  trap,  but,  from  the  fact  that  it  was  frequently  made  of  considerable  size, 
and  often  some  feet  deep,  it  was,  and  is 
still,  known  in  some  parts  of  the  country 
as  the  cesspool,  and  acted  as  such  by  re- 
taining a  considerable  quantity  of  solid 
filth.  Indeed,  I  have  seen  cesspools  that 
had  evidently  been  originally  constructed 
as  such,  with  a  large  dip-stone  in  them, 
for  the  purpose  of  preventing  foul  air  from 
the  sewers  getting  into  the  house-drain. 
More  care  was  usually  taken  in  the 
construction  of  the  dip-stone  trap  than  in 
that  of  the  drain,  as  it  was  necessary 
that  the  former  should  hold  water,  in 

order  that  its  purpose  might  be  efiected,  and  so  it  was  frequently  lined  with  a 
coating  of  cement.  The  drains  and  cesspools  were  not  provided  with  any  means  of 
ventilation,  unless  accidentally  by  means  of  rain-water  pipes,  or  openings  from 
the  surface  leading  into  them  and  insufficiently  trapped — that  is,  not  properly 
protected  against  the  escape  of  foid  air  from  them  into  the  house  or  its  vicinity — • 


t 


Fig.  321.  —Deep  Dip-stone  Trap,  witli  acciunnla- 
tion  of  filth,  in  it. 

A,  Drain  entering  Trap ;  b.  Drain  leaving  Trap ;  o,  Dip- 
stone. 
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and  so  the  foul  air  found  its  way  into  the  houses,  both  through  the  connections 
made  with  the  drains  from  various  parts  of  the  house,  aud  through  the  soil  itself 
_     From  all  this  it  will  be   seen  that  it  is  necessary  for  house-draius  to 'be 
impervious  to  water,  and  this  eflfect  is  attained  by  making  them  of  glazed  stone 
ware  pipes,  with  socketed  ends,  properly  jointed,  or  in  some  instances  iron  pipes 
are  used     Stoneware  pipe  drains  are,  however,  frequently  laid  so  as  to  prove  a 
source  of  danger.    Sometimes  they  are  laid  with  little  or  no  fall,  so  that  the  solid 
matters  accuiuulate  in  them,  and  gradually  choke  them  up.    Tliis  may  happen 
because  the  mam  sewer,  into  which  they  have  to  be  taken,  is  not  low  enough  to 
allow  of  a  fall  m  the  house-drains;  but  it  frequently  happens  when  the  sewer  is 
quite  low  enough,  by  the  trench  in  which  the  drain  is  laid  being  dug  too  shallow 
except  close  to  the  sewer,  in  order  to  save  the  small  expense  of  digging  a  Httle 
deeper  throughout  the  length  of  the  drain.    Thus  the  drain  is  nearly  flat  through- 
out the  greater  part  of  its  length,  and  faUs  with  a  steep  incHne  into  the  sewer 


Fie.  322.— Drain  laid  level,  wiih  Slinrp  Fall  near 
Sewer,  instead  of  with  Eegular  Fall  as  shown  by 
dotted  lines. 


Fig.  32-3.— Branch  Drain  from  Down-j>ipe  wi(h 
Fall  the  wrong  way:  Accumulation  in  Drain, 
Foul  Water  leaking  through  Defective  Joints. 


(Fig.  322.)  But  things  may  be  worse  than  this ;  and  not  unfrequently  branch 
drains,  at  any  rate,  are  laid  with  a  fall  in  the  opposite  direction  to  that  in  which 
the  water  is  intended  to  run  (Fig.  323).  Again,  the  pipes  that  are  used  are  fre- 
quently too  large,  because,  having  been  accustomed  to  build  brick  drains  of  eighteen 
inches  or  more  in  diameter,  the  builders  can  with  difficulty  be  got  to  understand 
that  a  pipe  nine  inches  in  diameter  is  unnecessarily  large  for  the  drainage  of  a  house, 
and  that  six-inch,  or  even  four-inch  pipes  are  quite  sufficient.  Large  drains  cannot 
be  flushed  by  the  quantity  of  water  that  is  discharged  from  an  ordinary  dwelliag- 

house,  whereas  small  ones  can.  The  amount 
of  water  that  will  suffice  to  keep  a  four,  or 
even  a  six-incli  pipe  drain  quite  clear  of  deposit 
will  not  do  so  for  a  nine-inch  pipe  drain  laid 
at  the  same  incline  (Fig.  324). 

I  have  said  that  the  pipes  should  be  properly 
jointed.  There  are  a  variety  of  ways  in  which 
pipes  may  be  and  are  improperly  jointed.  One 
is,  when  the  pipes  are  simply  fitted  into  the 
sockets  of  one  another,  without  any  joining- 
material  being  used  at  all,  or,  as  it  is  technically  termed,  "  laid  dry  "  (Fig.  325).  In 
this  case,  of  course,  it  is  impossible  that  the  drain  should  be  Avater-tight,  and  foul 
water  continually  leaks  into  the  ground  around  the  drain.     Sometimes  clay  is 


Fig.  324-. — A,  Section  of  Four-inch  Pipe  run- 
ning full.  B,  Section  of  Six-inch  Pipe,  and 
c.  Section  of  Nine-inch  Pipe,  with  the  same 
quantity  of  Water  running  throueh  them 
that  sufflces  to  fill  the  Four-inch  Pipe. 
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W  as  a  materia,  for  packing  tie  joint,  on  ti>e  ground  that  if  -"'--^ 


Fig.  325— Stoneware  Pipes  "laid  dry." 


Fig.  326.— Stoneware  Pipes  laid  the 
wrong  way. 


Fig.  327.— Stoneware  Drain  with  Cement  Joints 
improijerly  made. 


^nd  moreover,  the  joints  which  have  "  given  "  a  little  will  necessarily  leak.  Clay  is 
apt'to  be  washed  out  of  the  joints  in  time,  and  this  is  especially  the  -^^-f'  ^«  ^ 
an  instance  that  came  before  me  some  time  ago,  the  pipes  are  all  laid  the  wrong 
way  so  that  the  sockets  point  towards  the  outfall  instead  of  towards  the  head  of 
the  drain  (Fi-  326).  In  this  instance,  the  clay  with  which  the  sockets  had  been 
packed  was  all  washed  out.  The  water  flowed  out  through  the  open  joints,  and 
solid  matters  were  deposited  in  it,  until  it  was  completely  blocked  up. 

With  cement,  ou  the  other  hand,  water-tight  joints  can  be  made  which  ^ylll  last 
perfect  for  a  very  long  time  indeed;  but  they  require  to  be  made  with  considerable 
care,  or  pieces  of  cement  may  project  into  the 
interior  of  the  drain  (Fig.  327),  causing  irregu- 
larities in  its  floor,  and  serving  as  obstructions 
against  which  accumulations  of  filth  form, 
and  even  if  they  do  not  ultimately  block  up 
the  drain,  by  their  "decomposition  continually 

produce  foul  air.  In  order  to  obviate  these  difficulties,  Stanford's  joint,  already 
referred  to  (page  616),  has  been  devised.  In  this  the  ends  of  the  pipes  and  the 
interiors  of  the  sockets  are  lined  with  a  prepai-ation,  the  surface  of  which  is 
bevelled  ofl"  in  such  a  manner  that  the  end  of  one  pipe  fits  tightly  into  the  socket 
of  another.  No  cement  or  luting  of  any  kind  is  required ;  the  ends  of  the  pipe 
are  merely  greased  and  pushed  into  the  sockets.  In  this  way  a  Avater-tight  drain 
can  be  constructed ;  but  it  is  quite  clear  that  these  pipes  can  be  laid — if  the  work 

is  done  carelessly — so  that  the  drain  shall  not  be 
water-tight  at  all.  It  is  not  an  unfrequent  thing 
to  find  bends  in  drains,  made  by  fitting  the  straight 
pipes  together  improperly,  so  that  the  pipes  lie  at 
an  angle  to  one  another,  and  not  in  a  straight 
line,  as  they  should  (Fig.  328).  This  is  done  by 
putting  the  end  of  one  pipe  farther  into  the 
socket  on  one  side  of  it  than  on  the  other,  and  is 
not  unfrequently  done  to  such  an  extent  that  one 
side  of  the  pipe  does  not  enter  the  socket  at  all,  and  a  knife  or  even  a  finger  may 
be  put  into  the  drain  between  the  end  of  one  pipe  and  the  socket  of  the  next. 

Pipes  are  made  with  various  curves,  and  these,  which  are  technically  called 


Pig.  328.— Straight  Pipes  used  instead  of 
"  Bends." 
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rig.  329.— Branch  Stoneware 
Drain  connected  to  Main 
through  Hole  cut  in  the 
Pipe,  instead  of  with 
socketed  Junction. 


bends,  should  always  be  used  where  it  is  necessary  to  depart  from  the  straight 

The  junction  a,nd  branch  drains  are  frequently  made  by  cutting  a  hole  in  one  of 
the  mam  pipes,  fittmg  the  branch  pipe  in,  and  making  good  (?)  with  bits  of  slate  or 

tile  and  cement  (Pig.  330).  Such  patchwork  jobs  are  seldom 
water-tight  for  any  length  of  time,  and  there  is  generally  a 
projection  into  the  drain  of  the  branch  pipe,  which  causes 
an  obstacle  to  the  flow  in  it;  and,  moreover,  nothina  is 
saved  by  makmg  junctions  in  this  way,  as  various  kinds  of 
junctions  are  now  made  in  stoneware,  and  they  are  far  less 
trouble  to  lay  than  it  is  to  make  such  a  patchwork  joint  as 
has  just  been  described. 

The  junctions  should  always  be  laid  so  that  the  water 
^,  .  i-unning  from  the  branch  drains  will  run  into  the  main  in 

the  direction  m  which  it  is  required  to  go,  and  not  at  right  angles  to  the  main 
dram,  and   stHl   less  in  the  opposite   dii-ection  to  that  in  which  the  water 
flows  in  it,  and  this  for  obvious  reasons.    That  the  mention  of  this  is  not 
unnecessary  will   be  seen  in  a  moment.     When  it  is  required   to  diminish 
the  size  of  a  dram,  as  in  passing  from  a  six-inch  pipe  to  a  four-inch  pipe  a 
pipe  called  a  diminishing  pipe  should  be  used.     This   pipe,  for   the  instance 
just  mentioned,  would  be  six  inches  in  diameter  on  the  larger  end,  and  would  have 
a  socket  for  the  four-inch  pipe  at  the  smaller  end.     But  drains  are  frequently 
diminished  or  increased  in  size  in  other  ways;   that   is  to   say,  by  making 
imperfect  joints  of  some  kind  or  another.    One  most  curious  instance  of  this  I 
have  lately  seen,  and  it  is  ^  shown  in  the   accompanying  sketch   (Fig.  330). 
Six-inch  drains  had  been  laid.      The  upper  part  of  one  of  them  was  finished 
off  with^  four-inch  pipes,  but  as  I  suppose  the  builder  had  no  diminishing-pipe, 
he  conceived  the  extraordinary  idea  of  continuing  from  the  Six  to  the  four-inch 
pipes  by  inserting  the  socket  end  of  the  four-inch  pipe  into  the  last  socket  of  the 
six-inch  pipe  of  the  drain,  and  then  con- 
tinued the  four-inch  drain  by  pipes  all 
laid  the  wrong  way.     In  one  place  a 
junction  had  to  be  made  to  receive  the 
discharge  from  a  gully  into  which  the 
waste-pipe  of  a  sink  was  taken.  This 
junction  being,  like  the  rest  of  the  pipes, 
laid  the  wrong  way,  the  water  from  the 
sink  had  to  run  in  the  wrong  direction  into  the  drain;  for  the  junction  should,  of 
course,  always  be  made  so  that  the  water  coming  in  by  the  branch  runs  in  the  same 
direction  as  that  in  the  main  drain. 

It  is  a  great  mistake  in  drainage-arrangements  to  have  the  drains  laid  under- 
neath the  basements  of  houses  at  all  if  they  can  be  placed  outside ;  but  whether 
inside  or  outside  of  houses,  drains  should  be  water-tight,  and  they  should  be  tested 
by  blocking  up  the  lower  end,  filling  them  with  water,  and  observing  the  level  to 
see  if  the  drain  remains  full. 


Fig.  330.— Plan  of  Six-inch  Stoneware  Drain  reduced 
to  Four-inch,  by  laying  the  Four-inch  Pipe  the 
wrong  way,  instead  of  using  a  Diminishing  Pipe. 
J  unction  from  Gully  taking  Water  into  the  Drain 
in  the  opposite  direction  to  the  Outflow. 
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Tie  331— House-drain  directly  connected  with 
Main  Sewer;  Sink-waste  untrapped,  and 
directly  connected  witli  House-dram;  Air 
from  Sewer  escaping  into  the  House. 


CONNECTION  WITH  MAIN  SEWER  OB  CESSPOOL. 

T        «  instances  the  drain  is  positively  unconnected  with  the  main  sewer  at 
all  tr7:T::oTUs  stopped  up.    l  others  it  is  — d  -t^^^^^ 
feweTwhIch  has  been  blocked  up  at  both  ends  perhaps  for  years,  but  is  not  full,  and 
continually  leaks  into  the  soil  around.  In  this 
■  case,  a  kind  of  closed  cesspool  is  formed,  and 
the  sewage  may  run  away  from  the  houses  for 
years  without  the  state  of  things  being  found 
out ;  or  an  old  sewer  may  be  blocked  up  pur- 
posely, a  new  one  being  laid  without  all  the 
house-drains  being  connected  with  it;  but 
these  are,  of  course,  somewhat  exceptional 
instances.    Just  as  was  the  case  with  the  old 
brick  drains,  so  it  frequently  happens  with 

pipe  drains,  that  they  are  connected  directly  •   r  „^ 

lith  the  main  sewers  or  cesspools,  without  any  obstruction  to  the  passage  of  air  from 
the  latter  up  into  the  house-drains,  or  with  at  most  a  swinging  iron  Jai^^  which  serves  . 
to  keep  rats  out  of  the  house-drains  as  long  as  it  is  in  workmg  order  (Fig.  331). 

In  some  places  this  is  the  plan  that  is  deliberately  adopted,  and  no  form  ot 
water-trap  is  placed  upon  the  house-drain  before  it  reaches  the  mam  sewer  or 
cesspool:  the  theory  being  that  if  the  main  sewers  or  cesspools  are  thoroughly  well 
ventilated,  it  is  better  to  have  no  obstruction  to  the  flow  of  sewage  from  the  houses 
into  them.    This  plan,  however,  must  be  regarded  as  a  defective  one,  as  it  is  not 
desirable  that  the  air  from  main  sewers  or  cesspools,  however  well  ventilated  they 
may  be,  should  be  allowed  to  get  into  the  house-drains  at  all.    Cesspools  ot 
necessity,  contain  a  large  quantity  of  decomposing  filth,  and  the  air  passing  from 
them  is  foul,  while  the  air  of  main  sewers,  although  in  many  instances  very  slightly 
offensive,  is  liable  at  any  time  to  contain  the  poisons  of  specific  diseases,  and  it 
is  therefore  clearly  desirable  that  means  should  be  taken  to  prevent  its  entermg 
the  drains  of  houses.     This  is  done  by  placing  a  water-trap  of  some  form  or 
another  upon  the  house-drain  before  it  reaches  the  main  sewer  or  cesspool. 

The  dip -stone  trap,  which  has  already  been  described,  is  frequently  used,  even 
with  pipe-drains;  but  it  is  very  objectionable,  as  it  retains  a  large  quantity  of 
foul  matters,  which  decompose,  and  render  the  air  in  the  drain  continually  impure. 
It  has  been  improved  by  making  it  smaller,  so  that  it  is  only  as  wide  as  the 
drain,  by  giving  it  a  steep  slope  on  the  side  next  the  house,  and  a  gradual  slope 
into  the  exit,  by  sloping  the  dip-stone  in  the  direction  of  the  water,  and  by 
rounding  off  the  bottom  of  the  trap,  so  that  there  are  no  corners  for  foul  matters 
to  collect ;  and  a  still  further  improvement  consists  in  placing  a  U-shaped  stone- 
ware bend,  commonly  called  a  syphon-trap,  upon  the  course  of  the  pipe  drain.  This 
bend,  being  of  the  same  diameter  as  the  drain,  holds  a  much  smaller  quantity  of 
water  than  any  of  the  forms  of  dip-stone  trap,  and  sediment  is  much  less  likely  to 
accumulate  in  it. 

But  even  in  the  use  of  these  traps  there  are  several  things  to  be  guarded  against 
which  must  now  be  pointed  out.-  As  I  have  already  said,  nine-inch  pipes  were 
formerly  laid,  and  are  still  very  largely  used  for  house-drains,  and  so,  of  course, 
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nme-mch  U-traps  were  placed  upon  them.  No^.,  the  water  from  an  ordinaxy  house 
wm  not  keep  a  nxne-mch  trap  clear  of  sediment,  so  a  deposit  accumulates  Jit  and 
ultimately  it  becomes  stopped,  the  drains  get  full  of  water,  and  the  yard  or  basement 
of  he  house  IS  flooded.  In  order  to  get  at  the  trap  and  remove  the  obtuXn 
witlxout  breaking  a  pipe,  these  traps  were  made  with  a  vertical  pipe  iJnrf^om 
the  lowest  part  of  the  bend,  and  this  pipe  was  carried  up  to  near  thfsuiZ'o f  7h" 
ground,  a  plug  benig  placed  in  the  top  of  it,  which  could  be  easily  removed  so  that 
the  contents  of  the  trap  could  be  stirred  up,  or  it  could  be  forced  by  a  p Wet 
But  a  will  be  seen  from  Pig.  332,  this  upright  pipe  must  always  contain  watr 
up  to  the  level  of  the  outlet  of  the  trap,  and  so  floating  matters  c'^>ming  do'vn  tl 


Fig.  332.-Bad  Form  of  U-trap  (Syphon- 
trap)  with  Inspection-arm  in  centre. 


Fig.  333.— Eain-water  Pipe  directly 
connected  with  Drain,  and  ven- 
tilating it  under  Attic  Window. 


Fig.  334. — Tentilating-pipe  ending  near 
neighbouring  Windows. 


drain  and  passing  into  the  U-trap  rise  up  into  the  water  in  the  vertical  pipe,  and 
there  remain  for  a  considerable  time,  not  being  removed  by  anything  but  a  very 
large  flush  of  water ;  so  that  they  help  to  keep  the  water  in  the  trap  foul.  It  is 
therefore  necessary  to  have  some  other  way  of  getting  at  tlie  trap.  Although  a 
water-trap  will  prevent  a  rush  of  foul  air  from  the  main  sewer,  or  cesspool,  into  the 
house-drain,  many  gases  contained  in  such  air,  being  soluble  in  water,  are  absorbed 
by  the  water  at  one  end  of  the  trap,  and  come  out  into  the  air  in  the  house-drain 
at  the  other  end ;  so  that  even  with  a  water-trap  on  the  house-drain,  the  air  in  the 
latter  is  foul,  and  it  was  soon  found  that  if  no  means  of  escape  were  provided  for 
it,  it  would  find  a  means  of  escaping  for  itself,  through  the  connections  between 
the  house  and  the  drain,  and  even,  as  will  be  seen  farther  on,  through  the 
substance  of  the  lead  pipes  connected  with  the  drain.  This  led  to  means  being- 
provided  for  the  escape  of  foul  air  from  the  drains  by  means  of  pipes,  which 
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Fig.  335. — Drain  counected  witla  Air-inlet  in  Cellar. 


should  of  course  be  made  to  end  in  such  positions  that  the  air  coming  out  at  them 
•wUl  not  pi'oduce  a  nuisance.  In  some  instances,  however,  the  remedy  has  been  made 
as  bad,  if  not  worse,  than  the  defect.  Frequently,  for  instance,  rain-water  pipes, 
starting  behind  a  parapet  close  to  the  bed-room  windows  of  the  top  floor,  passing 
with  loose  joints  close  to  the  windows  of  the  house,  connected  by  small  branches 
with  balconies  and  conservatories,  are 
allowed  to  pass  directly  into  the  drain, 
thus  giving  out  foul  air  in  close  proxi- 
mity to  the  windows  of  the  house;  or 
ventilating-pipes  are  allowed  to  end 
within  a  short  distance  of  windows,  so 
that  the  air  that  comes  out  of  them 
is  liable  to  be  blown  into  the  house, 
or  into  neighbouring  houses  (Figs.  333 
and  334). 

I  have  seen  a  ventUating-pipe,  or 
rather  shaft,  constructed  with  bricks 
and  mortar,  and  connected  with  tlie 
drains,  standing  up  in  the  floor  of  a 
wine-cellar,  with  what  is  called  a  "hit 
and  miss  "  ventilator  on  the  top  of  it, 

so  that  the  air  from  the  drain  could  be  turned  on  or  ofi"  as  was  considered 
most  desirable.  This  was  no  doubt  origiaaUy  intended  to  ventilate  the  space 
under  the  floors,  but,  during  some  alteration  to  the  drains,  the  channels  which 
led  from  it  being  observed  and  thought  to  be  drains,  had  been  connected  with 

the  house-drain  (Fig.  335).  In  another  instance  which 
came  under  my  notice  the  drain  of  the  house  was 
ventilated  at  its  upjDer  end — the  proper  place  for  a 
ventilation-pipe — directly  into  the  scullery  by  a  pipe 
ending  just  under  the  ceiling.  This  was  brought  to 
pass  in  the  manner  shown  in  Fig.  336.  A  pipe  was 
placed  down  an  angle  of  the  scullery,  to  take  the 
rain-water  from  the  flat  above  into  the  drain.  It  was 
necessary  to  have  a  bend  of  some  kind  at  the  top 
of  this  pipe.  The  bend  found  to  be  most  convenient, 
or  the  one  which  happened  to  be  at  hand,  was  a 
Y-shaped  junction.  This  was  accordingly  put  in  at 
the  top— one  branch  of  the  Y  connected  witli  the  head 
which  received  the  rain  on  the  outside,  and  the  other 
one  left  wide  open  in  the  scullery.  It  was,  no  doubt, 
intended  that  the  latter  should  have  been  closed  up^ 
but  this  had  never  been  done,  and  the  air  in  the 
scullery  at  the  time  of  inspection  was  in  the  most  pestilential  condition  I 
have  seen  a  drain  actually  ventilated  by  the  open  head  of  a  rain-water  pipe  inside 
a  house,  and  receivmg  the  water  by  means  of  gutters  from  the  roof  (Fi<y  337^ 
I  have  seen,  too,  the  ventilating-pipe  of  a  drain  made  to  end  inside  a  shaft  which 
was  intended  for  the  exit  of  air  from  the  water-closet,  but  which,  in  reaUty 


Fig.  336.— Eain-water  Pipe  at  Head 
of  Drain,  ventilating  it  into 
Scullery. 
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acted  far  more  often  as 
escaping  from  the 


an  entrance-shaft  than  as 
ventilator  was,  of 


course. 


an 
all 


exit. 


brought 


in  which 
down 


case 
into 


the 
the 


au" 
house. 

Drains  are  frequently  ventilated — especially  in  old  houses — by  the  overflow- 
pipes  of  the  cisterns.  I  select  the  following  typical  example  (Fig.  338).  In 
a  large  house,  where  there  were  old  brick  drains,  partly  filled  with  foul  sediment, 
and  so  pervious  that  most  of  the  water  that  went  into  them  leaked  out  into 
the  soil  around,  directly  connected  with  the  main  sewer,  and  bored  through  by  rats 
in  various  directions,  the  main  drinking-water  cistern,  in  the  basement,  had  a  large 
trumpet-shaped  standing  waste-pipe  in  it,  about  three  inches  wide  at  the  top,  and 
two  at  the  bottom,  connected  directly  by  a  2-inch  pipe  with  the  drain.    This  was, 

and  had  been  for  years,  the  passage  by 
which  foul  air  found  its  escape  into  the  v*"? 
house,  and  attention  was  only  called  to 
it  when  a  death  from  typhoid  fever  took 
place.    In  another  instance,  where  the 
waste-pipe  of  a  cistern  in  a  water-closet 
passed  directly  into  the  house-drain, 
which  itself  was  connected  directly  with 
a  cesspool,  a  nuisance  had  evidently 
been  caused  in  the  house,  by  this  method 
of  ventilating  the  drains  into  it,  and 
the  device  shown  in  Figs.  839,  340,  was 
resorted  to  for  the  purpose  of  obviating 
the  nuisance.    A  zinc  pipe  was  placed 
over  the  top  of  the  waste-pipe  of  the 
cistern,  commencing  by  a  funnel-shaped 
piece,  larger  than  the  head  of  the  waste- 
pipe,  and  dipping  half  an  inch  into  the 
water  in  the  cistern  when  the  latter  was 
full — the  zinc  pipe  itself  being  carried  up 
through  the  roof  into  the  open  air.    The  idea  evidently  was  to  conduct  the  foul  air 
from  the  drain  out  into  the  open  aii',  but  it  is  clear  that  this  could  only  be  the 
case  when  the  cistern  was  full  of  water,  and  as  soon  as  a  little  water  was  drawn  out 
of  it  the  funnel-shaped  piece  of  zinc  no  longer  dipped  into  the  water,  and  there 
was  a  free  passage  for  the  foul  air  into  the  house.    This  is  an  example  of  the  way 
in  which  people  are  apt  to  resort  to  imperfect  measures. 

The  ventilators  of  a  drain  should  be  as  large  as  the  branches  they  start  from, 
and  should  be  at  the  highest  point  of  those  branches ;  as  the  branches  are  usually 
4-inch  pipes,  the  ventilators  should  be  four  inches  in  diameter,  and  they  should  be 
carried  up  above  the  ridge  of  the  roof,  and  well  out  of  the  way  of  dormer  wmdows 
and  skvli."hts.  Only  comparatively  recently,  a  weU-laid  water-tight  drain, 
Avith  a  IJ-trap  on  it  to  prevent  the  entrance  of  foul  air,  and  a  sufficiently  large 
ventilating-pipe,  or  pipes,  was  considered,  so  far  as  the  drain  itself  was  concerned, 
to  be  perfect  from  a  sanitary  point  of  view; 
it,  0^1  account  of  the  large  ventilating-pipes. 


Fig.  337.  —  liain-watei" 
Pilje  opeu  under  Ceil- 
ing, and  ventilating 
Drain  into  House. 


ig.  338.— Waste-pipe  of 
l)rinldng-water  Cis- 
tern, directly  con- 
nected witli  the  Drain 
and  ventilating  it. 


frequently  displaced  by  the  discharge  of  water,  &c.,  at  vti 


no  foul  air  could  accumulate  in 
and  the  air  that  was  in  it  was 
irious  pomts  into  it. 
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But  it  has  been  found  that  this  is  by  no  means  a  perfect  arrangement.  The  air 
in  such  drains,  and  in  the  pipes  connected  with  them,  is  always  foul,  and  nearly 
stagnant,  except  in  the  cases  where  there  happen  to  be  two  or  three  ventilating- 
pipes,  when  a  current  of  air  may  be  established  down  one  or  more  and  up  the  rest, 
especially  if  they  end  at  different  levels,  and  so  a  movement  of  air  be  eflfected  in  the 
drain.  This  being  observed,  it  became  at  one  time,  and  is  still  in  some  places  and 
by  some  architects,  the  practice  to  place  a  ventilating-pipe  (taken  up  above  the 
roof)  at  the  lower  end  of  the  drain  between  the  house  and  the  TJ-trap,  the  idea 
being  that  air  will  enter  by  this  pipe 
and  escape  by  the  ventilating-pipes 
at  the  highest  points  of  the  drain; 
and  so  far  as  ventilation  is  concerned, 
this  plan  will,  no  doubt,  work  in 
the  majority  of  cases  more  or  less 
efficiently,  but  it  affords  no  means 
of  settinsr  at  the  drain  or  at  the 
U-trap,  and  must  for  this  reason 
be  considered  to  be  a  deficient  ar- 
rangement. 

It  thus  gradually  came  to  be  re- 
cognised that  for  the  proper  ventila- 
tion of  drains  it  was  necessary  to 
have  an  inlet  or  inlets  for  air,  as  well 
as  an  outlet  or  outlets,  and  it  soon 
came  to  be  seen  that  the  lower  the 
level  at  which  the  inlet  was  placed, 
the  more  likely  was  it  to  act  con- 
tinually as  an  inlet  for  air.  So 
openings  were  boldly  made  into  the 
drain  itself,  on  the  house  side  of  the 
trap,  from  the  level  of  the  ground 
or  thereabouts,  and  it  was  found  to  the  astonishment  of  many  that,  provided 
there  Avere  no  places  in  connection  with  the  drain  where  actual  lodgment  of  foul 
matters  could  take  place,  such  openings  prove  no  nuisance  whatever.  This 
point  having  been  reached,  a  variety  of  "  disconnecting-traps  "  were  devised,  in  all 
of  which  there  is  an  inlet  for  fresh  air  to  the  drain  on  the  house  side  of  the  trap, 
and  in  one  of  which — the  Edinburgh  air-chamber  disconnecting-trap — there  is  a 
long  open  channel  interposed  between  the  TJ-trap  and  the  house-drain.  Most 
of  these  traps,  however,  while  affording  an  inlet  for  fresh  air,  do  not  afford  a 
sufficient  means  of  getting  at  the  drain  and  at  the  TJ-trap  at  any  time.  Neither, 
with  the  exception  of  the  one  just  mentioned,  is  the  inlet  of  air  as  large  as  is 
desirable. 

Hence  the  practice,  which  has  been  described  in  preceding  pages,  of  buildino-  a 
manhole  or  air-chamber  in  brickwork  on  the  course  of  the  drain,  carrying  the  drain 
through  the  bottom  of  it,  as  first  suggested  by  Mr.  Rogers  Field,  by  means  of 
channel-pipes ;  and  fixing  the  syphon  or  TJ-trap  at  the  lower  end  of  these.  The 
manhole  may  be  covered  by  an  iron  locking  grating,  or,  where  this  is  considered 


— ^ 


Fig.  339.  —  Ventilating-pipe 
over  Waste-pipe  of  Cis- 
tern, tiilciug  Sewer-air 
tlirouyh  Eoof  when  Cis- 
tern is  full. 


Fig.  310.— SamearraiiHe- 
ment  ^vith  Cistern 
partly  emxity,  and 
Sewer-air  escaping 
into  House. 
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undesirable,  by  an  iron  locking  door,  air-inlets  being  provided  by  channels  carried 
into  the  manhole  from  suitable  positions.  One  great  advantage  of  this  plan 
besides  the  facility  it  affords  for  getting  at  the  drain  and  the  trap,  is,  that  if  at  any 
time  air  escapes  from  the  air-inlets,  the  air  that  comes  out  is  the  last  fresh  air  that 
has  entered  the  manhole,  and  so  practically  these  inlets  never  become  a  nuisance. 
As  it  may  be  desirable  to  get  at  the  drain  beyond  the  U-trap,  although  this  is  not 
very  likely,  it  is  better  to  fix  a  Y  junction  beyond  the  trap,  and  bring  pipes  from 
this  up  into  the  side  of  the  manhole,  closing  the  end  with  a  plug,  which  can  be  cut 
out  if  necessary.  The  floor  of  such  a  manhole,  with  sloping  sides  and  two  side 
inlets,  is  now  made  in  one  piece  of  stoneware  by  Messrs.  Doulton,  and  sold  under 
the  name  of  the  "  Kenon  Floor,"  and  the  U-trap  with  an  arm  brought  from  the 
farther  end  of  the  trap  and  ending  just  over  the  inlet  to  it,  this  arm  serving  for  access 
to  the  drain  beyond  the  trap,  is  also  made  by  them,  and  sold  under  the  name  of  the 
"  Kenon  Syphon."  A  fault  that  is  frequently  committed  in  the  fixing  of  U-traps 
and  drains  is  that  sufficient  fall  is  not  given  to  the  drain  immediately  before  the  trap. 

Sometimes  two  syphons,  or  U-traps,  are  placed  on  the  house-drain,  one  after 
another,  with  a  ventilating-opening  between  them  ;  the  idea  being  that  if  the  water 
in  tlie  syphon  farthest  from  the  house  is  forced  by  the  sewer-air,  this  escapes  by  the 
ventilating-opening  and  does  not  get  into  the  house-drain;  but  this  presupposes 
that  the  main  sewer,  or  cesspool,  is  very  insufficiently  ventilated,  and  in  practice  it 
is  found  that  two  traps  are,  to  say  the  least,  quite  unnecessary.    It  would  be  an 
excellent  thing  if  we  could  do  without  water-traps  (at  any  rate  on  the  house-drain) 
altogether ;  and  I  certainly  look  upon  it  as  a  mistake  to  have  more  than  one. 
Drains  are  very  frequently  laid  without  inspection-pipes — a  gi-eat  blunder,  as  if  the 
drain  has  to  be  examined  at  any  point  the  pipes  have  to  be  broken,  and  there  is 
considerable  difficulty  in  fixing  new  ones  ;  indeed,  the  usual  plan  is  to  patch  up  the 
opening  that  has  been  made.    Inspection-pipes  should  be  placed  at  the  heads  of 
branches  and  in  various  places  throughout  the  course  of  the  house-drain,  especially 
at  or  near  bends,  and  the  stones  in  the  pavement  over  the  positions  of  the  inspection- 
pipes  should  be  marked.    Another  mistake  that  is  very  commonly  made  is  to  have 
the  drains  covered  in  before  a  plan  of  them  has  been  prepared.    This  plan  should 
not  only  indicate  the  course  of  the  di-ain,  but  the  positions  of  all  junctions,  con- 
nections, inspection-pipes,  and  all  other  particulars  which  may  be  useful  at  any 
future  time.    Sometimes  the  drains  of  two  or  more  houses  are  connected  together 
before  entei'ing  the  main  sewer,  so  that  tbere  is  only  one  junction  Avith  the  main 
sewer  for  these  houses.    This  is  known  as  the  system  of  Combined  Drainage.    It  is 
not  to  be  recommended ;  as,  through  the  fault  of  one '  householder,  the  drainage  of 
several  houses  may  be  stopped,  and  as  there  is  only  one  entrance  to  the  main  sewer, 
anything  impeding  the  flow  of  sewage  in  this,  affects  all  the  houses  connected  with 
it.    But  occasionally  the  drainage  of  one  or  more  houses  passes,  wholly  or  partially, 
throueh  the  drain  underneath  another  house  into  the  main  sewer,  so  that  the  drain 
under  the  house  in  question  becomes  in  effect  a  public  sewer  for  other  houses. 
This  ought  never  to  be  allowed,  as  not  only  does  it  considerably  increase  the 
possibility  of  this  drain  becoming  blocked,  but  it  increases  considerably  the 
possibility  of  disease  being  communicated  fuom  the  neighbouring  houses  to  the  one 
under  which  runs  the  common  drain;  for  while  under  the  system  of  combined 
drainage — properly  so  called,  as  already  described — each  householder  can  have  a 
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proper  cUsconnecting-arraa.gement  to  separate  the  drain  of  f ^f^^  /^^^^^^^^^^^^^ 
other  houses,  when  the  drains  of  several  houses  are  coimected  -^h       cliam  passmg 
underneath  a  particular  house,  although  the  owners  of    hese  ho.^es  -n  -oMe 
themselves  by  a  disconnecting-arrangement,  the  owner  of    he  ^^^^^^J" 
cannot  do  anything  of  the  kind;  all  he  can  do  is  to  isolate  the  <^ornrnonJ^n.  r^ 
ning  underneath  his  house  from  the  main  sewer.    Tins  -  so  serious  -       ^  ^^^J 
an-rngements  of  a  house,  that  it  has  been  recently  decided  by  the  Court  of  Chancexy 
that  any  lease  of  a  house  possessing  this  defect  is  void,  unless  it  is  specially 
mentioned  in  it  that  the  se^oage  of  other  houses  is  to  be  permitted  to  pass  through 
the  drain;  and  that  it  is  not  sufficient  to  provide  in  the  lease  that  water  from  other 
houses  is  to  be  permitted  to  pass  through.  '    .    *  +i 

At  the  time  of  writing  a  house  situated  in  a  square  in  the  western  part  ot  tlie 
metropolis  is  in  very  much  this  difficulty.  The  drain  from  a  neighbouring  house 
passes  into  the  drain  of  the  house  mentioned,  which  therefore  has  to  do  duty  for 
two  houses.  Owing  apparently  to  some  fault  in  the  sewer,  the  terminal  end  of  the 
drain  is  choked,  and  the  owner  of  the  house  referred  to  is  obliged  to  submit  not 
only  to  the  risks  attendant  upon  the  sewage  of  his  own  house  forcing  its 
way  up  through  the  traps,  but  also  that  of  his  neighbour's,  a  condition  to  which 
he   must   submit   untH   the   local   authority   can   be   induced   to  reconstruct 


the  same. 
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It  is  clear  that  there  must  be  openings  into  the  drain  at  various  places  for  the 
entrance  of  surface-water  from  areas,  yards,  &c.     Not  infrequently  these  are  found 
untrapped :  that  is  to  say,  there  are  direct  communications  from  the  surface  of  the 
yard  through  a  grating  or  perforated  stone  into  the  drain  below  (Fig.  341). 
There  are  two  disadvantages  in  this  plan.     The  first  is 
that  fine  gravel,  dust,  &c.,  from  the  yards  is  washed  down 
by  the  rain,  or  swept  down  directly  into  the  drains,  and 
is  liable  to  form  deposits  in  them;  the  second  is  that 
these  openings  become  ventilating-shafts  for  the  drains, 
and  are  in  many  instances,  at  any  rate,  liable  to  cause  a 
nuisance;  nevertheless,  with  badly-constructed  and  im- 
perfect  systems    of    drainage-arrangements,   they  have 
very   frequently  proved  a  safeguard,  as  they  allow  an 
otherwise  unventilated  drain  to  be  ventilated  outside  the 
house.    More  frequently,  however,  some  kind  of  trap  is 
placed  underneath  the  grating,  or  other  openings  leading 
from  the  surface  of  the  yard  into  the  drain.    The  trap  that 
is  most  commonly  in  use  for  this  purpose  is  the  worst  of 
all  traps.    It  is  known  as  the  "  Bell-trap,"  and  consists  of 
an  iron  box,  which  can  be  let  into  a  hole  in  the  pavement  over  a  pipe  leading 
to  the  drain,  and  which  has  a  small  pipe  standing  up  in  it,  and  passing  through 
the  bottom  of  it.     Underneath  the  perforated    covering   of  the  box  is  fixed 
an  iron  cap,  or  bell;   the  water,  of  course,  stands  in  the  box,  when  there  is 
sufficient  water  in  it,  up  to  the  level  of  the  pipe  leading  into  the  drain.  Wheu 


Fig.  341. — Untrapped  open- 
ing into  Drain  in  Area. 
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Fig.  342.— BeU-trap,  with  water  re- 
duced hy  evaporation,  so  that  the 
"  Bell"  no  longer  dips  into  it. 


the  covei-  IS  m  its  place,  the  rim  of  the  bell  dips  a  short  distance  into  the 
water  in  the  box,  around  the  overflow-pipe,  and  so  any  air  from  the  drain  comin- 
up  the  latter  gets  mto  the  bell,  but  is  prevented  by  the  water  from  passing, 
throug^i  the  trap.  This  trap  has  very  serious  disadvantages.  It  always  retains  a 
quantity  of  mud  or  filth  of  some  kind  in  the  box,  around  the  overflow-pipe  The 
small  quantity  of  water  is  frequently  reduced  by  evaporation,  so  that  the  bell  no 

longer  dips  into  it  (Fig.  342)  when  the  foul  air 
escapes.  On  account  of  the  small  holes  in  the  cover, 
and  of  the  shape  of  the  trap  itself,  water  does  not 
quicHy  run  through  it,  especially  as  the  holes  are 
liable  to  be  stopped  up.  So  the  cover  gets  removed, 
bell  and  all,  and  a  free  opening  into  the  drain  is  pro- 
duced, and  as  the  cover  is  very  often  not  replaced,  the 
advantages  of  the  trap  are  lost ;  this,  too,  is  also  the 
case  when,  as  not  infrequently  happens,  the  bell  gets 
broken.  In  short,  the  two  fatal  defects  of  this  trap 
are,  that  it  collects  foul  matters,  and  that  the  trap 
itself  is  removed  when  the  cover  is  taken  oS. 

If  this  is  a  bad  trap  in  areas  and  yards,  it  is  still 
worse  in  any  position  inside  the  house;  yet  it  is  not  at  all  infrequent  to  find 
several  of  these  traps  m  the  basement  of  a  large  house,  some  of  them  disused 
for  years,  and  ventilating  the  drain  into  the  house.  When  it  was  formerly 
the  practice  to  swill  down  sculleries  and  various  other  parts  of  the  basement 
with  water,  it  was  necessary  to  have  some  entrance,  or  entrances,  into 
the  drain,  for  this  water  to  run  away.  These  were  usually  made  dii-ectly 
mto  the  drain,  and  "protected"  (?)  with  bell-traps.  The  state  of  things  was 
bad  enough  then,  but  it  has  been  rendered  worse  by  the  practice  of  washing  and 
scraping  basement  floors  instead  of  swilling  them  down,  so  that  these  belUraps 
become  disused,  often  with  the  worst  results.  It  is  not  at  all  uncommon  to  find  one 
in  the  floor  of  a  larder  or  dairy ;  still  more  common  to  find  one  in  the  floor  under  the 
scullery  sink ;  and  frequently  to  find  one  in  the  kitchen,  under  the  hot-water  tap, 
close  to  the  fire,  where  it  will  be  often  found  quite  dry,  from  the  fact  that  the  tap 
does  not  leak,  and  that  the  heat  of  the  fire  soon  evaporates  the  small  quantity  of 
water  that  is  ever  left  in  the  trap. 

In  a  case  that  recently  came  under  my  notice,  an  outbreak  of  inflammation  of 
the  lungs — a  disease  frequently  produced  by  foul  air — was  caused  in  a  school, 
although  the  sanitary  arrangements  of  the  house  had  recently  been  "  put  in  order," 
by  the  foul  air  that  came  in  through  a  dry  bell-trap  under  a  disused  sink  in  the 
basement.  It  was  thought,  as  is  generally  the  case,  that  as  the  sink  was  never  used 
there  was  no  danger  in  it ;  but  the  parts  of  a  house  that  are  never  used  are 
generally,  from  a  sanitary  point  of  view,  those  from  which  dangei.  is  most  to  be 
apprehended. 

The  next  form  of  trap  most  frequently  used  in  such  situations  is  the  "  Lip-trap  " 
(Fig.  343).  It  consists  of  an  iron  box,  somewhat  similar  to  that  of  the  bell-trap,  with 
the  outlet  at  the  side  instead  of  at  the  bottom — the  outlet  being  guarded  by  a  plate 
of  iron,  that  passes  downwards  from  the  top  of  the  trap  and  dips  in  the  water,  which 
of  course  remains  in  the  box  up  to  the  level  of  the  outlet.    This  plate  of  iron  gives 
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Pig.  343.— "  Xip-trap." 


eoveHn,  to  aUow  ^^^^^^^^^^^  ^^a  ^  tl^^Z,  Recuse  the  cover  .a, 

form  of  trap,  whether  for  use  inside  or  outside  of  a 
house  Very  frequently  with  both  these  traps-the 
bell-trap  and  the  lip-trap-the  ii'on  box  is  not  fixed 
mth  ' sufficient  tightness  into  the  pavement,  or  the 
cement  around  it  has  got  broken  away,  and  then,  if,  as 
is  very  frequently  the  case,  they  are  merely  placed 
loosely  over  a  hole  leading  into  the  drain,  the  whole 
contrivance  is  worse  than  useless. 

Just  as  TJ-shaped  bends  and  so  called  "Syphon- 

gratmgB  to   carry  o£E  surface-water  ^ith  the   diams^  ite 

ro;i''n:s;:;:iT"X^  :^:trcrtL':.;ectea..ir 

ri;.dn     xt  bl^rt  i  I  U  hoKls  theater,  which  form,  the  sea.  of  the 

a.,  the 

^  It  it  is  parallel  to  the  vertical  piece  through  which  the  water  enters:  it  rs,  m 
L  me  the  letter  S  placed  sideways-thus  CO.  As  these  traps,  however,  require  a 
wlwoA  coi  action,  or  gully,  built  up  to  the  level  of  the  paveu,ent,  they  are  uot 
al"lt  could  be  desired,  although  far  superior  to  ether  --''-f 
and  now  .allies,  both  with  S  aud  P  traps  attached,  are  made  aU  m  one  piece  ot 
iewL  they  are  self-eleansing,  afford  a  large  inlet  to  the  dram-rn  fact,  ^  large 
:~iu  itsl,f-a.d  any  sediment  that  may  settle  in  'Xf^-^^tin 
the  hand  They  are  also  made  with  iulet-opemngs  above  the  evel  of  the  water  m 
them. "  that  wLte-pipes  of  various  kinds,  as  mentioned  in  the  precedmg  section, 

can  be  taken  into  them  above  the  water.  ,  .  ,    .    ...  a,  i      +i  „ 

Deep  gullies  are  also  made  in  stoneware,  with  a  kind  of  pit  below  the  level  of 
the  outlet:  the  object  being  to  collect  sand,  &c.,  and  so  prevent  it  rom  get  mg  -to 
the  cbain  and  sometimes  they  are  provided  with  an  iron  bucket  ha  can  be  lifted 
out  when  it  is  full  of  sand.  Stoneware  gullies  are  also  made  with  the  upper  part 
containing  the  inlet-opening  in  a  separate  piece,  so  that  it  can  be  fixed  to  the  gully 
with  the  opening  in  any  direction  which  may  be  most  convenient ;  these  are  called 
cullies  with  reversible  inlets.  .,    -n  i  •  4. 

In  connection  with  the  surface-drainage  of  yards  and  areas,  it  will  be  convenient 
to  consider  the  rain-rmier  grMers  and  pipes.  Boof  gutters'  are  not  infrequently 
made  to  run  through  the  house  from  one  ^de  to  the  other,  especially  from  the  front 
to  the  back,  in  order  to  avoid  having  rain-water  pipes  down  the  front  of  the  house. 
This  is  a  very  undesirable  plan,  as  such  gutters  cannot  be  made  air-tight,  nor,  as  a 
rule,  is  there  any  attempt  to  make  them  so ;  and  as  soot  and  leaves  collect  in  them, 
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in 

end,  inspection- 
brass  '  caps  and 


Fig.  344.— Open  Eain-water  Gutter  under 
Jied-room  Tloor, 


the  air  that  comes  into  the  house  through  them  is  not  only  damp  but  foul  Ti 
are,  moreover,  frequently  left  uncleansed  for  years  and  «  LI  /  .  \ 

deep  is  not  infrequently  found  in  them.     FrequTntr  th,v^^^       '  '''''''' 
rooms;  and  I  have  Wn  several  cases  oimZrZe^Z7 J'T  Tr''- 
traceable  to  sleeping  in  rooms  containing  r^^^C^''^^^ 

should  always  be  on  the  outside  of  the  house 
where  possible,  and  where  it  is  impossible  to 
place  them  outside  the  house,  at  any  rate  they 
should  not  pass  through  the  sleeping-rooms. 
A  lead  pipe  may  sometimes  be  laid 
the  gutter  from  end  to 
openings  jjrovided  with 
screws  being  fixed  at  intervals  on  it. 

Eain-water  pipes  themselves,  or  "Down 

earned  through  the  inside  of  the^I,  ^dt^  Z  i^^^o^tSir 

this  is  not  done,  eveii  ^^^^  TCZ^^^^TTt 

flooring  /iO"«e,  earned  down  just  inside  the  front  wall,  through  every 

floor  including  the  best  bed-room,  the  drawing-room,  and  the  library,  into  fhe  draii^ 
below.  _  In  such  nouses  cases  of  illness  of  various  kinds  contmually  arise,  and  the 
cause  IS  often  not  discovered  for  years;  frequently  a  variety  of  other  samtary 
arrangements  being  put  right,  while  this  very  serious  one  is  overlooked.  Whether 
the  pipe  IS  trapped  or  not  at  the  bottom  makes  very  little  difference;  as,  if 
untrapped,  air  from  the  drain  gets  directly  into  it,  whUe  if  trapped,  it  passes 
contmually  through  the  water  in  the  trap,  so  that  the  air  in  the  pipe  is  always  full 
ot  this  foul  air,  which  is  drawn  thi-ough  defective  joints  into  the  rooms,  even  when 
it  IS  not  actually  being  displaced  by  water  coming  down  the  pipe.    Indeed,  if  the 
pipe  is  untrapped  at  the  bottom,  and  there  is  an  air-inlet  into  the  drain,  there  is 
less  chance  of  accumulation  of  foul  aii-  in  it  than  if  it  were  trapped.    But  even 
when  the  pipe  is  outside  the  house  through  its  whole  length,  but  is  connected  with 
the  dram  below,  foul  air  frequently  gets  into  the  house  from  it,  as  the  head  is  under 
the  eaves  of  the  roof,  and  frequently  in  close  proximity  to  the  top  of  a  window; 
or  the  pipe  begins  in  a  gutter  behind  a  parapet  on  to  which  the  attic  windows  look, 
in  either  of  which  cases  the  air  from  the  drain  may  be  blown  in  at  the  windows ;  or 
if  the  pipe  is  trapped  at  the  bottom,  the  foul  air  is  displaced  whenever  there  is  a 
shower  of  rain,  and  may  find  its  escape  from  the  pipe,  and  enter  the  house  in  the 
same  way.    I  have  known  a  large  number  of  cases  of  diphtheria  and  ulcerated 
sore  throat,  and  I  have  reason  to  believe  some  of  typhoid  fever  too,  which  have  been 
apparently  produced  by  this  cause. 

But  rain-water  pipes  are  occasionally  placed  in  worse  positions  than  these. 
They  not  infrequently  pass  through  a  water-closet  in  the  basement  or  through  the 
dust-bin,  in  which  case  the  foul  air  from  the  closet  or  dust-bin  may  find  its  way 
through  a  leaky  joint  into  the  pipe,  and  out  again  into  a  room  farther  up,  or  into 
a  balcony  or  conservatory,  connected  by  a  branch  pipe  with  the  one  in  question. 
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Very  serious  nuisances  are  sometimes  produced  in  this  way.  Again,  it  is  not  at 
all  infrequent  to  connect  a  water-closet  vnth  the  rain-water  pipe,  and  even 
with  a  ram-water  pipe  the  head  of  which  is  not  at  the  top  of  the  house,  but 
some  distance  do^vn,  in  immediate  proximity  to  a  bed-room  wmdow.  Ot 
<;ourse  this  is  most  objectionable.  Eain-water  pipes,  too,  are  not  infrequently 
deliberately  connected  with  the  drain,  and  left  untrapped  at  the  bottom,  with  the 
intention  that  they  should  act  as  ventilators  for  the  drain ;  but  for  the  reasons 
already  mentioned  this  is  not  a  desirable  plan,  ..  , 

unless  they  are  in  positions  where  the  air  that 


•escapes  from  them  cannot  enter  any  window,  — - 
which  is  oiot  frequently  the  case.    It  is  even  — 


v.. 


not  at  all  infrequent,  as  I  have  already  men-  m^^WM^^ 
tioned,  to  find  the  open  head  of  a  rain-water 
pipe  inside  the  house,  the  foot  of  it  being 
connected  with  the  drain,  and  the  rain-water 
brought  into  it  by  gutters  from  the  roof. 
Sometimes,  too,  an  open  rain-water  gutter  inside 
.a  house  is  connected  with  the  main  soil-pipe, 
a  trap  of  some  kind  being  placed  on  it  just 
before  the  junction,  or  even  without  this  pre- 
caution (Fig.  345). 

Eain-water  pipes,  then,  should  be  outside 
the  house,  and  should  not  be  connected  in  any 
way  with  the  drain  at  the  foot,  but  should 
■discharge  over  the  surface-areas,  or  if  taken 

below  the  pavement,  should  be  connected  with        345  _soii-pipe  with  Open  Head  inside 

the   side   inlets   of    the   surface-gullies.      Both      House,  and  Eain-water  Gutter  discHax-ging 

rain-water  pipes  and  gutters  are  sometimes  made 

•of  zinc,  but  this  is  too  perishable  a  material,  and  either  lead  or  galvanised  iron 
should  be  used.  Ordinary  cast-iron  requires  to  be  frequently  painted,  in  order  to 
prevent  rust.  Sometimes,  however,  the  rain-water  has  to  be  collected  in  tanks,  so 
that  the  rain-water  drains  do  not  enter  the  soil-drains  at  aU;  in  this  case  the 
xain-water  pipes  are  usually  carried  straight  into  four-inch  drains,  which  are  taken 
the  nearest  way  to  the  tank — only  the  water  from  the  roof  being  collected  in 
these,  the  surface-water  from  the  yards,  &c.,  being  dischai'ged  through  gullies 
into  the  soil-drain.  In  this  case  it  is  necessary  that  the  rain-water  tank  should 
be  freely  ventilated,  if  possible  near  the  level  of  the  ground,  and  should  be 
cleaned  out  from  time  to  time,  as  a  sediment  is  apt  to  accumulate  in  it.  If  the 
ventilation  is  inefficient,  foul  air  will  collect  in  the  tank,  and  passing  up  the  rain- 
water pipes,  may  enter  the  house  by  some  of  the  windows.  In  order  to  prevent 
leaves  from  collecting  in  the  tank,  it  is  also  desirable  to  have  wire  gauze  or 
perforated  lead  caps  over  the  heads  of  the  rain-water  pipes,  and  at  the  entrances 
from  the  gutters. 


SOIL-PIPES. 

The  pipes  with  which  the  water-closets  are  connected  are  often  made  of  objection- 
able materials;  occasionally,  but  rarely,  they  are  made  of  zinc— a  material  which  is 
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Fig.  M6.— Soil-pipe  not 
connected,  with  tlie  Drain 
at  foot. 


very  readily  corroded  by  foul  air,  and  the  use  of  which,  indeed,  for  such  a  purpose  is 
not  defensible  on  any  grounds  Avhatever.    They  are  more  frequently,  however  made 
either  of  iron,  lead,  or  stoneware.    The  disadvantage  of  iron  pipes 
for  this  purpose  is  that  the  joints  are  not  always  made  securely  • 
and  the  same  may  be  said  of  stoneware  pipes,  with  the  additiou 
that  as  stoneware  pipes  are  as  a  rule  only  made  two  feet  loner 
the  joints  are  much  more  frequent  than  with  ii-on  pipes.  When 
lead  IS  used  it  is  frequently  too  thin— say  4  or  51b.  to  the  foot 
mstead  of  7  or  8-this  being  done,  of  course,  to  save  expense. 
Seamed  lead  pipes  are  also  frequently  used,  and  by  some  deliberately 
chosen;  they  are  made  by  cutting  a  long  oblong  piece  of  sheet 
lead,  rolling  it  round  into  the  form  of  a  pipe,  and  soldering  a 
joint  the  whole  length  of  the  pipe,  whence  they  are  named  seamed 
pipes;   but  I  have  frequently  found  that  these  pipes  have  given 
way  at  the  seam,  and  there  are  in  the  Parkes  Museum 
;  several  specimens  of  such  pipes  eaten  into  holes  by  foul 

^.air  at  the  seam;  so  that  the  drawn  lead  pipe,  which  only 
requires  to  be  jointed  at  the  ends  (the  joints  afterwards 
forming  practically  part  of  the  pipe— and,  indeed,  the  strongest 
part— and  not  being  merely  packed  like  the  joints  of  an 
iron  pipe),  is  much  to  be  preferred.    Nevertheless,  what  are 
called  "slip  joints"  are  sometimes  used  on  lead  soil-pipes:  that  is  to  say,  the 
ends  of  the  pipes  are  not  soldered  together,  but  merely  slipped  one  into  the 
other,  as  is  frequently,  and,  indeed,  usually,  done  with  lead  rain-water  pipes.  This 
again,    is    most    objectionable  in  soil- 
■pil^es,  as  it  provides  a  series  of  insecure 
joints.      Soil-pipes  are,  of  course,  fre- 
quently placed  throughout  their  whole 
length    inside   houses,    although  they 
ought,    wherever  it  is  possible,  to  be 
iixed   entirely  outside,   in  which  case 
galvanised  iron  pipes  may  be  used  for 
them  instead   of  lead.    They  are  fre- 
quently not  merely  inside  houses,  but,  like 
rain-water  pipes,  pass  through  rooms, 
and  not  infrequently  through  the  larder 
in  the  basement.    They  are  sometimes 
carried  nearly  horizontally  from  one  part 
of   the   house  to   another   (Fig.  347), 
often  under  a  bed-room  floor,  and  are 
buried  in  walls,  so  that  they  cannot  be 
got  at  and  examined.    Sometimes  they 
are  not  connected  with  the  drain  at  the  foot  at  all,  but  carried  through  the  floor  of 
the  basement,  and  left  to  discharge  their  contents  at  a  distance  of  five  or  six  inches 
from  the  mouth  of  the  "junction,"  or  from  a  hole  cut  in  one  of  the  pipes  (Fig.  346). 
Thus  a  small  cesspit  is  formed  under  the  basement  of  the  house.     Sometimes  they 
are  trapped  at  the  foot — and,  indeed,  this  used  generally  to  be  the  practice— but 


Fig.  3i7. — Holes  made  by  Foul  Air  in  an  imventilated 
seamed  lead  Soil-pipe  passing  through  Larder. 
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that  is  to  say,  the 


Fig.  348.— Small  Veutl- 
lating-inpe  taken  fi-om 
middle  of  Soil  -  pipe 
and  ending  under  a 
Window. 


^^^^^^^^  -  \r;.rt  irz^ 

nectecl  with  the  dram,  provided  that  tne  latter 
nected  before  its  junction  with  the  main  sewer  or  cesspool. 

Soil-pipes  are  not  infrequently  fixed  closed  up  at_  the  top . 
pipe  begins  at  the  highest  water-closet,  and  is  earned  down 
to  the  drain,  receiving  perhaps  the  branch  pipes  from  one  or 
two  of  the  closets  on  its  way.    In  this  case  it  is,  of  course 
always  full  of  foul  air,  which,  though  the  pipe  is  made  ot 
lead,  soon  eats  its  way  through  it  in  numbers  of  places  and 
afterwards  finds  its  way  continually  into  the  house.    A  large 
number  of  cases  of  illness  have  been  traced  to  the  existence 
of  these  perforated  soU-pipes.    Such  perforations  are  especially 
apt  to  occur  at  the  upper  part  of  the  pipe,  and  above  the 
water-line  in  those  pipes  which  have  been  fixed  nearly  hori- 
zontally    A  remarkable  specimen  of  this  is  to  be  seen  at  the 
Parkes  Museum,  being  a  part  of  a  soil-pipe  that  was  found 
underneath  a  bed-room  floor.     It  is  perforated  with  holes 
made  by  the  foul  air  from  end  to  end.     But  when  the  soil- 
pipe  is  not  entirely  closed  at  the  top,  the  means  of  exit  pro- 
vided for  the   foul   air  is   often  very  inadequate.  Thus, 
4-inch  pipes  being  almost  imiversally  used  for  soil-pipes,  a 
1-inch  pipe  is  not  at  aU  infrequently  fixed  at  the  top  to  act 
as  ventilator,  and  carried  above  the  roof.    This  is,  of  course, 

better  than  nothing,  and  prevents  an  accumulation  of  foul  air  under  pressure  ; 
but  nothing  short  of  a  ventUator  the  same  size  as  the  soil-pipe  can  be  considered 

to  be  sufficient;  in  fact,  the  pipe 
itself  should  be  carried  on  up  above 


the  roof,  and  left  to  end  wide  open. 
Sometimes  this  ventilating-pipe  is 
made  to  end  too  near  the  windows 
,;;^.  (Fig.  348),  in  which  case  the  air 
'i^from  it  is  liable  to  be  blown  intO' 
them.  I  have  known  a  2-inch  pipe 
carried  from  the  soil-pipe  of  a  closet 
on  the  first  floor  of  a  house,  and 
made  to  end  close  to  the  landing 
window  of  the  nursery  floor. 

To  show  the  importance  of  fixing 
soil-pipes  where  they  can  be  \  seen 
and  got  at,  I  may  mention  a  case  in 
which  there  was  a  bad  smell  in  a 
larder,  the  source  of  which  was  not 
found  out  for  a  long  time,  until  it 
was  observed  that  the  soil-pipe  from  one  of  the  closets,  the  course  of  which  had 
not  been  traced,  must  be  buried  in  the  wall  of  the  larder.  Then,  on  taking 
hold  of  an  old  nail  which  had  been  driven  into  the  wall,  and  on  which  some 
larder-cloths  were  hanging,  it  came  out  with   the   greatest  ease,  and  it  was 


Fip.  349. — Nail  driven  into 
Soil-pipe  in  Larder  Wail.. 


Fig.  350.— Soil-pipe  ven- 
tilated under  Window. 
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This  soil-pipe,  too,  was  unven- 


fouud  that  it  had  been  driven  into  the  soil-pipe 
tHated  (Fig.  349). 

Fig.  350  shows  a  curious  instance  in  which  the  small  ventilator  of  the  soil-pipe 

had  an  open  conical  head  on  it  under  a  window,  and 
the^  waste-pipe  of  the  cistern  discharged  into  this 

The  ventilator  of  the  soil-pipe  is  sometimes 
connected  with  a  rain-water  pipe,  the  head  of  which 
IS  under  an  attic  window,  and  I  have  seen  the 
waste-pipe  of  a  cistern  supplying  drinking-water 
connected  with  the  same  rain-water  pipe  (Fig.  351). 

Sometimes  it  is  considered  desirable  to  disconnect 
the  soil-pipe  from  the  drain  at  its  foot,  by  means 
of  some  trap  with  the  air-inlet,  and  a  variety  of  such 
traps  are  in  the  market.    In  this  case,  however,  the 
di-am  has  to  be  ventilated  by  separate  pipes,  and  by 
this  plan  the  number  of  traps  and  also  of  pipes 
about  a  house  is  increased,  without,  I  believe,  any 
corresponding   advantage.     The  more    usual  plan 
now  is  to  connect  the  soil-pipes  directly  with  the 
drains  by  means  of  stoneware  bends,  so  that  the  soil- 
pipes  themselves  may  ventilate  the  drains,  and  then 
to  disconnect  the  drains  from  the  main  sewer  or 
cesspool  by  means  of  a  trap,  with  an  air-inlet  or  a 
ventilating  manhole,  as  has  been  already  described 
under  "  Drainage." 

Such  are  the  common  defects,  as  met  with  in 
practice,  of  drains  and  soil-pipes ;  leading  to  the  re- 
tention and  accumulation  of  offensive  matter  within 
them,  and  to  the  escape  of  emanations  from  them  into  the  dwelling-house— a 
condition  only  too  frequently  discovered  when  some  serious  accident  to  health,  or 
even  life,  has  led  to  a  systematic  search  for  the  cause. 


Pig.  351. — Eain-water  Pijje  properly 
disconnected  at  foot  but  with  Van- 
tilatorof  Soil-pipe  and  also  Waste- 
pipe  of  Cistern  connected  with.  it. 
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CHAPTER  LXXII. 

DEFECTS  IN  INTERIOR  SANITARY  FITTINGS. 

Water-closets-Defects  of  the  Pan  Closet  and  of  D-traps-Valve  Olosets-Plug,  Wash-out,  and 
Water  closets   l^ere  ^^^^^^  Closets-Bad  Joints-Water-sei-vice-Sinks-Baths. 

WATER-CLOSETS  are  very  frequently  placed  in  most  undesirable  VO^^^^ 
times  in  the  centre  paxt  of  the  house,  without  any  external  ventilation  at  all  m 
cramped  positions,  under  staircases  where  proper  ventilation  is  impossible ;  not 
Xqu  nt';  in  dr^rooms  directly  connecting  with  bed-rooms;  sometm.es  budt 
out  a'  little'additions  to  bed-rooms,  with  nothing  but  a  small  wooden  partition  to 
separate  them  from  the  rest  of  the  room;  not  at  all  infrequent  y  too,  they  are 
W  in  cupboards  in  bed-rooms  with  absolutely  no  ventilation  at  all  and  are,  in 
fact,  part  of  the  furniture  of  the  room.  Contrivances  of  this  kind  are  found 
most  frequently  in  houses  where  there  is  plenty  of  space  at  hand,  simply  because 
they  are  thought  to  be  convenient.  The  water-closets  m  the  basement  are  too 
frequently  placed  in  most  improper  situations-at  the  end  of  dark  passages  without 
any  ventilation,  or  opening  directly  out  of  the  pantry,  the  scullery,  or,  still  worse 
the  larder  The  water-closets  in  the  basement  should  always-where  it  is  not 
absolutely  impossible-be  out  of  doors  ;  so  should  the  ground-floor  closet  or  closets 
where  this  is  practicable  ;  and  the  upstairs  closets  should  be  separated  by  ventilated 
lobbies  from  the  rest  of  the  house.  If  the  positions  in  which  water-closets  are 
placed  are  often  bad,  many  of  the  forms  of  apparatus  used  are  often  at  their  best 
very  unsanitary  appliances. 


PAN  CLOSETS. 

The  worst  form  of  all  is  the  one  which  is  most  commonly  used,  especially  for  up- 
stairs closets.  It  is  known  as  the  "  Pan  Closet"  (see  page  140),  and  its  construction 
is  as  follows  : — Below  the  conical  china  basin  is  placed  the 
"pan,"  a  movable  vessel,  something  like  a  bowl,  made  of 
tinned  copper,  and  capable  of  being  swung  to  and  fro  in 
a  large  box,  generally  made  of  iron,  called  the  "container" 
— the  lower  part  of  the  conical  basin  being  fixed  in  a  hole 
in  the  top  of  this  container.  At  the  bottom  of  the  con- 
tainer is  a  3-inch  outlet-pipe,  which  is  usually  connected 
with  a  trap  of  some  kind  or  other,  placed  beneath  the 
floor — the  outlet-pipe  from  this  trap  being  connected  with 
the  soil-pipe.  From  this  construction  it  will  be  seen  that 
when  the  pan  is  in  its  place  beneath  the  basin,  and  full  of 
water,  the  lower  end  of  the  basin  dips  into  the  water,  and 
so  forms  a  water-seal  between  the  container  and  the  room  in 

which  the  closet  is,  and  when,  by  means  of  a  pull-up  apparatus  or  other  such  doAace, 
the  pan  is  removed  from  below  the  basin,  its  contents  are  thrown  into  the  container, 


Fig.  352.— Pan  Closet  with  Foul 
Air  escaiiing  from  Contmner 
byVentilatinsj-openiiig.  Waste 
of  Safe  into  I)-trap. 
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|md  from  It  into  the  trap  below.  During  this  process  a  certain  amount  of  splashin.  of 
the  n.sKle  of  the  container  takes  place,  and  so  this  becomes  after  a  time  line^^Ti^^ 

tim   twT  .  '^^^^^^^^      ^^P^  continually  foul  and  eT  ; 

time  that  the  handle  of  the  closet  is  worked  some  of  this  foul  air-  is  displaced  by  the 
pan^id  forced  xnto  the  room.    Several  devices  have  been  resorted  to't  ord^^^^^^^ 
obvaate  thrs  eval     The  &st,  and  most  common,  is  that  of  ventilating  the  contler 
which  IS  often  attempted  to  be  done,  but  is,  of  course,  done  very  imperfect  y  tXe7 
by  bormg  a  hole  in  the  top  of  it,  connecting  a  small  pipe  to  tlL,  Td  ca  '  ^^^^^^^^ 
same  through  the  wall  of  the  house  into  the  open  air.    This,  of  course  prevL^ranv 
accumulation  of  foul  air  under  pressure  in  it,  but  does  not  cluse  a  rr;n~  a.  ^ 
with  this  object  occasionally  two  such  pipes  are  fixed.    I  have  seen  several  instlnc  s 
where  pan  closets-the  containers  of  which  had  holes  bored  in  them  for  ventiirw 
ppes-had  been  fixed  in  houses  without  any  ventdating-pipes  being  attached  to  «  efe 
containers,  and  in  one  instance  this  was  done  in  all  the  water-closets  in  the  house 
one  o    hem_  opening  directly  out  of  the  best  bed-room,  the  result  being  an  outbreak 
of  diar  hcea  in  the  house.    In  such  cases,  when  the  handle  of  the  closet  is  puUed  up 
the  fou  air  is  forced  out  of  tlie  container,  through  the  small  hole  in  it,  iirto  the  space 
under  the  closet-seat,  with  a  rush  that  wiU  blow  out  a  candle  (Fig.  352)     It  has 
been  proposed  to  flush  the  inside  of  the  container  by  means  of  a  series  of  jets  of 
water  supplied  by  a  pipe  connected  .vith  the  supply-pipe  to  the  closets,  so  that  each 
time  that  the  handle  is  raised  the  inside  of  the  container  is  washed.    Some  pan 
closets  are  also  made  with  stoneware  containers,  presenting  smooth  surfaces  inside, 
and  so  less  liable  to  become  coated  with  the  foul  matters  that  are  splashed  upon 
them.    But  these  are  only  very  partial  remedies  for  the  evds  of  the  container  The 
trap  generally,  indeed  almost  universally,  fixed  beneath  the  container  of  the  pan 
closet  is  that  known  as  the  D-trap;  so  called  from  its  being  shaped  like  the  letter  O 
(see  Pigs.  73  and  352).     The  inlet-pipe  Avhich  is  connected  to  the  container  of  the 
closet  passes  do^vn  into  the  trap,  and  dips  into  the  water  contained  in  it,  which  of 
course  stands  at  the  level  of  the  outlet-pipe,  this  being  placed  at  the  upper  part 
or  one  end  of  the  trap.    It  Avill  be  seen  from  this  description,  and  fi-om  the  diagram, 
that  this  is  a  trap  which  can  never  be  properly  flushed  by  the  water  that  passes 
through  it,  and  thus  foul  matters  coUect  in  it,  coat  the  sides  of  it,  and,  decomposing, 
keep  the  water  in  it  and  the  air  in  the  container  above  it  always  foul.    This  S, 
therefore,  a  very  bad  form  of  trap,  and  should  never  be  used  in  closets  or  anywhere 
else;  indeed,  its  use  is  now  condemned,  and  very  properly  so,  by  the  model  by-laws 
of  the  Local  Government  Board. 

D-traps,  even  when  made  of  stout  lead,  are  very  frequently  eaten  through  by 
the  foul  air  in  them,  especially  if  they  are  not  ventilated,  and  the  foul  air  then 
escapes  into  the  house.  Sometimes  D-traps  are  made  of  very  thin  lead,  and,  not 
only  so,  in  one  instance  I  found  a  D-trap  under  a  water-closet  made  of  zinc, 
with  a  zinc  soil-pipe  leading  from  it  into  an  iron  pipe  which  was  connected  by  a 
4-inch  stoneware  drain  with  an  unventilated  cesspool.  The  safe-tray  was  made 
of  zinc,  with  a  zinc  waste-pijoe  discharging  into  the  trap ;  the  waste-pipe  of  the 
housemaid's  sink  was  also  made  of  zinc,  and  discharged  into  the  zinc  D-trap  of  the 
closet ;  and  the  lead  waste-pipe  of  the  cistern  over,  which  supplied  both  closet  and 
sink,  also  discharged  into  the  D-trap  of  the  closet.  The  top  of  this  trap  was  riddled 
with  holes  made  by  the  foul  air.    The  result  of  this  state  of  things  (which  led  to 
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X    „c  n,.  nn+hreak  of  sore  throats  for  a  second  time  in  the  house.  T 
its  chscovery)  was  an  ^  p^rkes  Museum  of  Hygiene. 

''XT''  separately  or  together,  are 

.uisItsTe i^g  — ^  P»    ^^^^  ^^-r 

nuisances,  oe  removed  Avherever  they  are  found. 

^   "  ,         ^^.pTflow  or  leakage  :  and  its  waste-pipe  is  frequently  taken 

etr  t  wVit  should  be  earned  through  an  external  waH  and  have  a  bra.s 
Sapper  on  its  end  to  prevent  draughts  coming  in  through  it. 

VALVE  CLOSETS. 

The  various  forms  of  valve  closet  (see  Fig.  74)  are  also  very  largely  in  use,  and  are 
aU  of  them  far  superior  to  the  pan  closet  just  described.    In  them  the  basm  is  usually 
made  bowl-shaped  instead  of  conical,  and  the  outlet  at  the  lowest  part  of  the  basm 
is  fitted  with  a  water-tight  valve,  wHch  can  be  moved  to  and  fro  m  a  small  box, 
called  the  valve-box,  or  conductor,  by  means  of  an  apparatus  comiected  with  the  handle 
of  the  closet    From  the  valve-box,  or  conductor,  an  outlet-pipe  passes  into  the  trap 
below.    As  the  valve  fits  water-tight  to  the  bottom  of  the  basin,  an  overflow-pipe 
is  usually  provided  for  the  basin  to  carry  away  any  excess  of  water  that  may 
be  thrown  into  it,  or  may  trickle  through  a  leaky  valve  in  the  cistern  or  on 
the  supply-pipe.     This   overflow-pipe  generally  has  a  small  TJ-shaped  bend  on 
it,  and  is  then  connected  with  the  side  of  the  valve^box,  or  conductor— the  result, 
being  that  in  many  of  these  closets  the  water  is  drawn  out  of  the  bend  in  the 
pipe,  or  it  is  unsyphoned  whenever  the  large  body  of  water  in  the  basin  is,  by 
the  'pulling  up  of  the  handles,  and  the  removal  of  the  valve  from  the  bottom 
of  the  basin,  allowed  to  fall  through  the  valve-box  into  the  trap  below.  Thus 
the  trap  on  the  overflow-pipe  is  left  unsealed,  and  foul  air  may  pass  through 
the  valve-box  into  the  room  of  the  closet. 

The  trap  of  this  overflow-pipe  may  also  get  full  of  foul  water,  which  deposits 
a  sediment  on  the  side  of  the  trap,  and  so  causes  it  to  produce  an  unpleasant  smell. 
This  is  especially  the  case  when  the  overflow-pipe  opens  into  the  valve-box  in  front 
of  the  valve  instead  of  behind  it,  as  then  foul  matters  are  projected  into  it  when 
the  handle  of  the  closet  is  pulled  up. 

The  overflow-pipe,  then,  should  discharge  into  the  valve-box  beJiind  the  closet- 
valve,  so  that  the  latter  guards  it  when  the  handle  of  the  closet  is  pulled  up, 
and  the  contents  of  the  basin  are  discharged  through  the  valve-box. 

There  are  several  methods  for  preventing  the  overflow  being  untrapped.  One 
is  to  attach  a  ventilating-pipe  to  the  valve-box,  and  carry  it  out  through  the 
wall  into  the  open  air ;  another  to  attach  a  small  branch  pipe  to  the  pipe  which 
supplies  the  basin,  and  which  is  called  the  service-pipe,  and  to  connect  the 
branch  pipe  with  the  overflow  just  above  its  bend,  so  that  the  latter  is  supplied  with 
water  every  time  that  the  handle  is  pulled  up,  while  the  basin  is  being  refilled ; 
and  another  plan  is  to  disconnect  the  overflow  from  the  valve-box  altogether, 
and  either  carry  it  out  separately  into  the  open  air,  or  make  it  discharge  into 
the  "safe."    Or  the  overflow-pipe  may  be  dispensed  with  altogether,  and  the  basin 
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allowed  to  overflow  at  the  top  into  the  safe-tray.     o71^^^^I7~^rT^7  i 
any  overflow  is  „.ore  certainly  discovered  than  b/any  other    but  \L 
under  the  seat  is  liable  to  be  rusted  by  the  flow  of  wateV  an  1  I 
foul  water,  over  it.     Where  this  plan  isWecUhelr J 

an-a^ul"^^^^'^^^^  "^'^       '^''-''^^  -^^^-^  ^^^--S      to  run  dow:f  til: 


SOLID  PLUG  CLOSETS. 


There  are  various  kinds  of  water-closets  with  solid  plugs  lifted  by  the  handle 
directly  by  means  of  a  straight  rod.  In  these  closets  th?  outlet  L  S  essTrily 
at  the  sKle,  and  :s  not  seen;  it  is  liable  to  become  foul  by  foul  matters  be";!^ 
by  the  plug  m  descending,  and  so  a  foul  smell  is  sometimes  observed  tn  thfse 
closets,  usually  commg  through  the  hole  in  which  the  rod  of  the  handle  moves 
and  th:s  is  especially  the  case  where  there  is  a  trapped  overflow  connected  witli 
the  trap  or  soil-pipe  below  the  plug. 

These  closets  and  some  others  are  occasionaUy  fixed  without  any  water-trap 
beyond  that  provided  by  the  water-seal  in  the  basin;  but  this  is  a  plan  no^ 
to  be  recommended,  as  an  updraught  from  the  soU-pipe  may  take  place  into  the 
closet  when  the  handle  is  pulled  up,  and  may  go  on  for  a  considerable  time  if 
as  IS  sometimes  the  case,  the  handle  is  fastened  up.  I  believe  that  no  precautions 
are  sufficient  to  prevent  this,  and  I  have  frequently  noticed  a  foul  smeU  from 
the  soil-pipe  in  closets  so  constructed. 

WASH-OUT  CLOSETS. 

There  are  several  patterns  of  what  are  called  "wash-out"  closets  now  in 
the  market  (see  Fig.  79,  &c.),  the  object  of  which  is  to  provide  a  simple  and  cheap 
closet  without  any  valve,  but  still  holding  water  in  the  basin.  Most  of  these 
closets,  however,  require  a  considerable  quantity  of  water  to  flush  out  the  contents 
of  the  basin,  and  to  keep  the  trap  clear ;  and  the  depth  of  water  in  the  basin 
is  too  shallow  to  be  of  much  service,  so  that  in  practice  it  is  found  that,  as  a  rule, 
they  do  not  keep  clean. 

The  outlet  in  these  closets  is  necessarily  at  the  back  or  side,  and  not  at  the 
bottom  of  the  basin,  which  latter  is,  in  my  opinion,  the  proper  place  for  the 
outlet  of  a  closet-basin. 

HOPPER  CLOSETS. 

We  now  come  to  hopper  closets.  The  common  hopper  closet  with  a  conical 
basin,  stoneware  syphon-trap,  and  inlet-arm  for  the  water-service  (see  Fig.  263), 
has  several  serious  defects  besides  the  obvious  one  that  the  water  does  not  stand 
up  in  the  basin. 

In  the  first  place  the  shape  of  the  basin  is  bad,  and  this  has  been  obviated  in 
the  improved  forms  of  hopper,  by  making  the  back  of  the  basin  more  verticg-l  than 
the  front.  The  inlet-arm  being  at  the  side  of  the  basin  causes  the  water  to  whirl  round 
and  round  the  basin,  a  motion  by  which  neither  is  the  basin  kept  clean  nor  the  trap 
swept  out ;  and  this  is  prevented  in  the  newer  forms  by  providing  the  basin  with  a 
flushing-rim  from  which  the  water  falls  straight  down  the  sides  of  the  basin  all 
round,  collecting  in  the  trap  and  cleansing  it  out  effectually  (see  Fig.  77). 
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THE   JOINT   WITH   THE  SOIL-PIPE. 

Whatever  land  of  water-closet  is  adopted,  a  serious  danger  arises  if  the  trap  under 
it  is  badly  jointed  to  the  soil-pipe,  as,  in  that  case,  drain-air  passes  directly  into  the 
house.  For  this  reason  the  trap  for  an  upstairs  water-closet  should  be  part  ot  the 
soil-pipe,  and  for  a  basement  water-closet  part  of  the  drain,  and  not,  especially  man 
upstairs  water-closet,  part  of  the  closet-apparatus;  the  joint  which  is  most  Hkely  to 
give  way  should  be  between  the  water-closet  apparatus  and  the  trap,  and  not 
between  the  trap  and  the  soil-pipe  or  drain.  The  trap  for  an  upstaii's  water-closet 
should  be  one  of  the  forms  of  lead  syphon-trap,  and  for  basement  water-closets  a 
stoneware  syphon-trap. 

UnventUated  syphon-traps  are  more  readily  unsealed  than  D-traps  are,  so  the 
arm  of  each  water-closet  requires  a  separate  ventilating-pipe  starting  close  to  the 
trap  and  carried  into  a  small  pipe  outside  the  house,  ending  wide  open  out  of 
the  way  of  the  windows.  The  "  V-dip  "  trap,  and  the  smaller  "  Anti-D  "  trap  have 
been  devised  to  obviate  this  tendency  of  syphon-traps  to  be  unsealed,  especially  where 
there  are  several  water-closets  one  above  another  discharging  into  the  same  soil-pipe. 

I  have  not  considered  it  necessary  to  describe  the  great  variety  of  water-closets 
now  in  the  market  in  detail,  but  merely  to  point  out  the  leading  features,  and 
especially  the  defects,  of  the  classes  of  water-closets  in  most  general  use. 


WATER-SERVICE  TO  WATER-CLOSETS. 

When  water-closets  are  supplied  directly  from  cisterns  also  supplying  drinking- 
water,  the  danger  which  arises  is  greater  or  less,  according  to  the  mode  in  which  the 
water-closet  is  supplied.    The  danger  is  great  if  the  closet  is  merely  supplied  by  a 
pipe  from  the  cistern  direct  to  the  basin  of  the  closet,  with  a  j;. 
tap  on  it,  as  if  this  tap  is  left  open  the  water  will  all  run 
out  of  the  cistern,  and  foul  aii-  from  the  basin  of  the  water- 
closet  may,  and  very  likely  will,  be  drawn  into  it  from  the 
open  pipe  (see  Fig.  353).    But  this  is  a  .  most  reprehensible 
plan  of  supplying  water-closets,  and  should  be  altered  wherever 
it  is  found. 

Tho  danger  of  this  plan  is  still  greater  if  the  water-closet  is 
supplied,  as  it  ought  not  to  be,  direct  from  the  rising  main,  as 
then,  when  the  water  is  turned  off,  if  the  tap  in  the  service-pipe 
to  the  closet  has  been  left  open,  foul  air  and  even  solid  and 
liquid  filth  may  be  drawn  from  the  basin  of  the  closet  into 
the  water-pipes,  to  be  washed  into  the  cisterns  the  next  time 
that  the  water  is  turned  on.  Epidemics  of  typhoid  fever  have 
been  traced  to  this  method  of  pollution  of  the  drinking-water. 

Danger  also  arises  if  the  water-closet  is  supplied  by  means 
of  a  spindle  valve  in  the  closet,  which  is  lifted  by  means  of 
crank  and  wires  when  the  handle  of  the  closet  is  pulled  up, 
as  in  this  case  a  little  filthy  water  is  squirted  from  the 
ventilating-pipe  of  the  valve-box  into  the  water  of  the  cistern  each  time  that  the 
handle  of  the  closet  is  pulled  up. 
51 


Pig.  353.— Water-supply 
direct  from  Cistern, 
and  Water  thereby 
contaminated. 
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There  is  another  objection  to  this  plan  of  supplying  the  closet  with  water  even 
if  the  cistern  does  not  supply  drinking-water;  and  that  is,  the  time  that  the 'water 
takes  to  flow  from  the  cistern  into  the  basin  of  the  closet,  which  necessitates  the 
holding  up  of  the  handle  for  a  longer  or  shorter  time,  according  to  the  length  of  the 
pipe  that  the  water  has  to  descend. 

When  the  closet  is  supplied  by  means  of  a  valve  fixed  under  the  seat  of  the 
closet  so  that  the  service-pipe  from  the  cistern  to  the  valve  is  always  fuU  of  water, 
the  chance  of  contamiaation  of  the  water  in  the  cistern  is  ahnost  nothing ;  but  it  h 
still  conceivable  that  the  handle  of  the  closet  might  be  fixed  up  so  that 'the  valve 
remained  open,  and  then  when  aU  the  water  ran  out  of  the  cistern  air  from  the 
basin  of  the  closet  might  pass  up  into  the  cistern.  Even  with  this  precaution,  therefore, 
(which  is  generally  considered  to  amount  to  perfect  safety)  it  is  not  advisable  to 
supply  water-closets  from  a  cistern  also  supplying  a  draw-ofi"  tap,  and  the  plea  that 
the  drinking-water  is  drawn  from  some  other  tap  must  not  be  allowed.  The  proper 
plan  is  to  consider  that  every  tap  from  which  water  can  be  drawn  is  a  drinking- 
water  tap,  for  it  sometimes  will  be  so. 

When  water-closets  are  found  to  be  connected  with  the  drinking-water  cisterns, 
they^  may  be  frequently  disconnected  by  giving  the  actual  supply  through  small 
subsidiary  cisterns,  or  of  water-waste-preventing  cisterns  supplied  by  the  pipe  which 
comes  from  the  drinking-water  cistern.  But  unless  the  closets  are  supplied  with  a 
regulator-valve  under  the  seat  the  common  forms  of  these  waste-preventers  do  not 
give  a  sufficient  flush,  and  should  be  discarded  for  the  new  syphon-action  water- 
waste-preventers,  of  which  there  are  several  kinds  in  the  market,  which  discharge 
the  whole  of  their  contents  when  the  handle  of  the  closet  is  pulled. 

The  service-pipes  of  water-closets  are  often  f  inch  in  diameter,  which  is  not 
sufficient  to  produce  a  proper  flush  so  as  to  keep  the  basin  clean;  they  should 
always  be  larger  than  this,  and  the  size  must  be  regulated  by  the  height 
from  which  the  water  comes. 


UEINALS. 

Like  water-closets,  urinals  are  often  placed  in  most  objectionable  situations,  and 
are  improperly  fliished  with  water.  They  should  not  be  allowed,  and  are  not 
necessary  inside  private  houses  at  all,  although  it  is  necessary  in  large  houses  to 
have  them  outside.  They  are  always  liable  to  become  a  nuisance,  but  when 
untrapped,  as  is  sometimes  the  case,  they  cause  a  very  serious  one. 


SLOP-SINKS. 

Slop-sinks  also  invariably  cause  a  nuisance  in  the  house  when  they  are  not 
flushed  with  a  large  quantity  of  water,  and  in  houses  of  moderate  size  it  is  better 
not  to  have  slop-sinks  at  all,  but  to  have  the  slops  thrown  down  the  water-closet, 
the  seat  of  the  closet  being  made  to  lift  like  the  lid  so  that  the  slops  will  not  be 
thrown  over  it.  This  arrangement  ofiers  the  additional  advantage  that  the  closet- 
apparatus  can  be  examined  at  any  time,  and  the  safe-tray  cleaned  out  if  necessary. 
It  is  very  important  that  this  should  be  done  from  time  to  time,  as,  if  foul  water 
remains  in  the  safe-tray,  it  produces  an  unpleasant  smell  in  the  closet,  and  although 
all  the  water  may  run  out  of  the  safe  by  the  waste-pipe  if  the  latter  is  at  the  lowest 
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p^t  Of  the  safe~^hich  is  unfortunately  not  always  the  case),  the  ^^-^J^^f 
"with  the  foul  water,  and  a  sediment  is  left  on  it  which  soon  decomposes  and 

'"^'^o^heJplan  for  obviating  this  difficulty  is  to  have  a  water-closet  and  slop^sink 
combined,  and  a  basin  is  now  made  by  Messrs.  Dent  and  Hellyer  --^l;.  ^^^f*' 
In  this  there  is  a  china  tray  around  the  basin  of  the  closet  and  immediately  under 
the  seat,  so  that  when  slops  are  thrown  into  it  they  cannot  run  over  ^fo^^^  ^^^^' 
being  caught  by  the  china  tray,  which  slopes  gradually  into  the  basin  of  the  closet. 

housemaids'  sinks  and  pantey  sinks. 
The  waste-pipes  of  housemaids'  sinks  are  very  frequently  found  to  be  connected 
with  the  trap  of  the  nearest  water-closet,  or  they  have  a  trap  on  them  and  are  then 
connected  Avith  the  soH-pipe,  or  they  are  taken  straight  down  through  the  house 

into  the  drain.  , 
The  waste-pipes  of  pantry  and  other  basement  sinks  are  frequently  connected 

with  the  drain  or  with  an  unventilated  trap  (Fig.  331). 

All  these  methods  are  most  objectionable ;  the  wastes  of  sinks  should  on  no 
account  be  directly  connected  with  any  part  of  the  closet-apparatus  or  drain,  but 
should  be  taken  through  the  waU  of  the  house,  either  into  the  open  head  of  a  pipe 
discharging  over  a  gully  below  or  into  it  above  the  water-line,  or  into  a  pipe  which 
is  carried  up  above  the  roof  as  ventUator.  Although  the  waste-pipes  of  the  sinks 
are  thus  disconnected  from  the  drains,  they  still  require  to  be  trapped,  or  otherwise 
air  will  come  into  the  house  through  them,  especiaUy  when  the  windows  are  shut ; 
and  the  waste-pipes  of  sinks,  especiaUy  when  of  considerable  length,  as  they  some- 
times must  be,  being  more  or  less  foul  inside,  are  not  proper  conduits  to  act  as  mlet- 
ventilators  for  the  house  :  the  air  that  comes  in  through  them  cannot  be  sweet. 
But  under  these  circumstances  D-traps  should  not  be  used,  as  I  have  very  frequently 
had  to  remove  them  from  under  sinks  and  lavatory  basins  on  account  of  the 
nuisance  caused  by  the  accumulation  of  soapsuds  and  dirty  water  which  they 
contain ;  cast-lead  syphon-traps  with  cap  and  screw,  of  the  same  size  as  the  waste- 
pipe,  should  be  used. 

Bell-traps,  too,  are  often  found  upon  sinks,  the  waste-pipes  being  generally  in 
this  case  carried  into  the  water-closet  trap,  or  trapped  again  below  the  floor ;  but  it 
is  not  at  all  infrequent  to  find,  especially  in  the  basement  of  the  house,  that  the 
bell-trap  in  the  siidc  is  its  only  trap,  and  that  as  soon  as  it  is  removed  foul  air  from 
the  drain  rushes  into  the  house,  often  with  sufficient  force  to  blow  out  a  candle. 

Sometimes  when  this  is  discovered,  the  waste-pipe  is  disconnected  from  the  drain 
or  water-closet  apparatus  and  carried  outside,  while  the  bell-trap  is  left  in  the  sink. 
This  should  not  be  done ;  as  the  bell-trap,  for  the  reasons  already  described,  is  a  bad 
form  of  trap,  and  it  should  be  replaced  by  a  plain  brass  grating  with  syphon-trap 
fixed  under  the  sink,  or  in  some  cases  by  a  trap  known  as  the  "Aaitill"  trap 
(Fig.  254). 


SCULLERY  sink. 


A  special  difficulty  occurs  in  the  case  of  the  scullery  sink,  from  the  large  amount 
of  grease  and  sand  that  is  discharged  down  it.    Any  kind  of  receptacle  for  this 
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grease  and  sand  if  placed  mside  the  house,  may  cause  a  serious  nuisance  •  and  i£ 
placed  outside  the  house,  is  very  little  better  For  --ms^V  v,^  "iS'ance  and,  if 
the  d^i.  has  a  good  fall.  I  be.feve  nothing  o£  the  Z^^Z:^:T^X:'''^, 
»nd  collecting  .ufflciently  in  the  gully  into  which  the  t^t:^ 
which  has  to  be  cleaned  out  from  time  to  time  and  if  it  i,.  ik  Z  mscnarged, 
gully  with  a  lifting  hucl^et  in  it  (such  JZ^f  t^tt^y'^ 
used  for  the  purpose  of  coUectine  the  sand  •  h„f  4^  i       \  ^ 

Teir   b ''''    ^  ^^^^^i:^t'::i 

necessary  e^.l,  as  the  amount  of  grease  that  is  thrown  down  the  s  uUery  sink  is  so 
great  that  it  clogs  up  the  pipes  in  a  very  short  time,  and  I  have  freTue^  seen 
pipes  taken  up  compktely  choked  up  with  a  mixture  of  grease  and  s3  Si L Ts 
especially  he  case  where  the  scullery  sink  is  not,  as  it  ought  to  be  a^aLt  an  ex 
ternal  wall  so  that  the  drain  from  the  waste-pipe  r.ns  Underground  le  Sttb 
distance  before  it  can  be  disconnected  by  means  of  a  gully  in^the  yarrk  thiJ 
case^the  grease  gets  congealed  around  the  sides  of  the  pipe,  a^d  very  soon  chokel 

BATHS. 

_  The  same  must  be  said  of  the  waste-pipes  of  baths,  which  require  to  be  treated 
m  the  same  manner ;  but  with  baths  there  is  an  additional  warning :  there  is 
usually  a  safe-tray  of  lead  or  zinc  underneath  the  bath  to  catch  any  leakage  from 
the  cocks,  or  from  any  defect  in  the  bath.  The  waste-pipe  of  this  safe-tray  is  also 
frequently  taken  into  the  closet-trap  ;  it  ought  to  be  carried  through  the  wall  to 
end  m  the  open  air,  with  a  brass  flapper  on  its  end  to  prevent  draughts  comin- 
up  it.  °  ° 

Sometimes  the  water  is  supplied  to  the  bath  for  a  certain  distance  through  the 
waste-pipe,  so  that  the  clean  water  comes  in  at  the  same  place  that  the  dirty  water 
goes  out.  This  is  a  bad  plan,  as  the  clean  water  in  coming  into  the  bath  brings 
back  with  it  the  dirtiest  part  of  the  water  that  was  last  used— i.e.,  the  part  con- 
taining the  sediment  at  the  bottom  of  the  bath. 

The  waste-pipes  of  baths  are  often  too  smaU,  the  result  of  which  is  that  the 
bath  empties  very  slowly,  and  that  the  flushing-power  that  the  bath-water  ought  to 
exercise  upon  the  drain  is  frittered  away. 

The  waste-pipes  of  baths  should  be  li  or  2  in.  pipes,  and  should  discharge  into 
open  heads  of  pipes  disconnected  at  the  bottom  in  the  same  manner  as  described  for 
the  waste-pipes  of  sinks. 


CHANNELS  FOR  FOITL  AIR. 

Foul  air  often  travels  about  houses  by  most  unexpected  channels.  Rat-runs 
have  already  been  mentioned ;  but  besides  these  it  travels  under  floors,  behind 
panelling  and  wainscoting,  along  ventilating-shafts,  through  defective  flues,  and 
even  through  the  tubes  in  which  bell-wires  are  carried,  through  which  foul  smells 
from  the  basement,  and  still  more  frequently  the  products  of  the  combustion  of 
gas-burners,  often  ascend  into  rooms  upstairs. 


DISPOSAL  OF  EBFUSB  BY  DEY  MBTHODS. 

By  The  Editor. 
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CHAPTER  LXXIII. 

MODIFICATIONS  OF  THE  OLD  SYSTEM, 
for  Dry  Methods-Midden  System-Nottingham  Midden-HuU  Midden-Model  Midden. 

I.  is  now  necessary  to  turn  our  attention  to  the  treatment  of  ^ej^^^^^^^^^^ 
houL  where  there  is  no  water-carriage  system,  and  where  we  are  therefore  obhged 
t  deperrion  the  removal  by  hand  of  the  material  caused  by  the  presence  of  Ixfe 
How'th^  may  best  be  done  is  a  very  .ide  subject,  and  one  whxch  has  the  most 

in+i-matp  relation  with  health.  , 
"  he  water-carriage  system  we  are  able  by  a  flush  of  water  to  remove  at 
once  from  the  precincts  of  the  house  matter  which,  from  the  begmnxng  is  offensive 
L  which  tend'  to  become  more  so  the  longer  it  is  ^^[^'^^^^^^^^ 
be  taken,  and  in  ahnost  all  towns,  for,  at  any  rate,  some  of  the  .b-t^f-^l^^^^^^^^' 
this  system  is  provided,  but  the  great  bulk  of  a  population  is  often  obhged  to 
adopt  some  other  method  for  the  disposal  of  its  waste,  and  thxs  method  necessardy 
includes  the  retention  of  effete  matter  for  a  varying  time  upon  the  premises.  So, 
a.ain,  in  rural   districts,  the  same  provision  must  frequently   be  made,  and, 
if  considerations  for  health  are  to  guide  us,  it  becomes  our  duty  to  learn  how  m 
our  mode  of  dealing  with  it  and  in  the  choice  of  the  form  and  kind  of  apparatus 
to  be  used,  we  may  render  it  less  prejudicial  than  it  would  otherwise  be.    To  a  very 
considerable  extent,  especially  in  large  towns,  the  house-owner  is  not  free  to 
select   that  method   which   may   best   accord   with    his   own   wishes;   he  is 
dependent  upon  the  requirements  of  the  sanitary  authority  m  whose  district 
his  house  is  situated ;   and  inasmuch  as  he  is  unable    himself  to  undertake 
the  removal  of  the  waste  from  his  house,  he  is  compelled  to  rely  upon  this 
authority  for  such  service,  and  is  obliged  therefore  to  make  such  arrangements 
as  they  may  deem  to  be  requisite.    Thus,  if  the  removal  take  place  at  frequent 
intervals,  he  wiU  require  less  room  for  storage  than  if  these  intervals  be  longer,  and 
he  must  therefore  adapt  the  planning  of  certain  parts  of  his  house  to  this  end. 
So,  again,  the  sanitary  authorities  themselves  may  not  be  altogether  fi-ee  agents  m 
this  matter;  they  must  in  some  degree  consider  other  questions  than  those  which  are 
related  to  health  alone.    In  the  choice  between  one  method  of  conservancy  and  an- 
other they  are  naturally  influenced  by  considerations  of  economy.  They  have  in  their 
turn  to  decide  as  to  what  shall  be  done  with  the  refuse  they  have  removed.  In 
towns  surrounded  by  a  large  agricultural  area  it  may  easily  be  disposed  of  for  the 
purpose  of   manure,   and  the  authorities  may  have  no  difficulty  in  selling  or 
giving  it  to  farmers,  who  will  gladly  use  ib  upon  their  lands ;  in  other  towns,  where 
farming  operations  are  not  carried  on  in  the  vicinity,  this  opportunity  may  not 
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other  parts  of  the  country.    Bu   the  nee7of  adoT   °'  ^  "  '^^^  ^^^'^  ^« 

cornpels  the  authorities  to  make  re  'ubt  Is  ^^^^^^^^^  V^""^  ^ 
receive  being  fitted  for  the  purpo^  trwhil  t     ?!  "^^"'^^^  ^^^^ 

According  as  it  is  treated  in  theTe  li^.  I  it        V  T  *°  in- 

dispose of  it,  so  that  some  return  shlFf;  ll  f  !^^^^^  Possible  or  impossible  to 
house.  It  is  beyond  the  scopeTthet  i     7  /  ^^^^^^^  the 

treatment  which  such  re  uTe  shaH  reoT'  I  "^"^^^^  incidentally  the 

that  this  point  shol  not  t  1st  72  T       'T""'"'  ™W  ^.e  well 

is  affected  by  such  a  consideration        '        '  closely  the  house-owner 

and  vegetable  refuse  from  the  kitctn    of  t^^^^^^^  °i  ^-^^ 

excreta  of  the  ^mates.    In  country  districts  si:^  Teed 

It  may  be  either  emptied  immediately  into  a  tub  n^r^  ^^^''P'™^^^  difficulty, 

over  the  ground,  or  treated  in  a  mannL  describe  ^n  p"^^ 

yard^drains  should  be  provided,  down  which  slop-water^m^;  be  thrown  ''^^ 

The  garbage,  the  ashes,  and  the  excreta  must  be  stored  fn.  o  i  " 
period;  and  it  is  to  the  arrangements  which  mLrbe  mad! 
conditions  that  our  attention  must  be  directed 

It  will  be  well,  in  learning  the  rules  which  mn<5t  mi,vi^       •  i 
house  to  the  requirements  of  heafth,  that  we  slould  Zlt  ^      l  ^^"^ 

MIDDEN  SYSTEM. 

We  may  take  as  the  type  of  all  that  is  bad  the  midden,  which  was  formerly 
found  m  all  parts  of  the  kingdom.    In  its  worst  form  it  consisted  of  nothin  ^  o^ 
than  a  mere  hole  in  the  ground,  into  wlxich  excreta,  garbage,  ashes,  and  slo^wa 
were  indiscriminately  thrown.    It  requires  but  a  slight^ffort  of  imagination  to 
picture  to  ourselves  the  condition  of  such  a  receptacle,  containing  a  large  mass  of 
decomposing  animal  and  vegetable  matter,  with  the  filth  constantly  soakin..  into  the 
ground,  with  every  opportunity  for  rain-water  to  enter  it,  and  frequentiy  placed  in 
close  proximity  either  to  the  house,  or  to  a  neighbouring  well  which  supplied  the 
drmkmg-water  for  the  household.  A  midden  such  as  this  is  best  calculated  to  cause 
the  most  serious  injury  to  health.    Writing  in  1869,  Dr.  Buchanan  thus  speaks  of  the 
middens  of  Birmingham:— "At  present  it  is  common  to  find  huge,  wet,  fcetid 
iniddens,  uncovered,  undrained,  unemptied,  some  of  them  as  deep  and  big  as  the 
foundations  of  an  ordinary  cottage.    Few  of  them  are  covered,  the  inspector  of 
nuisances  thinking  they  are  better  left  open.    Many  are  under  workshops,  where 
work  IS  done  amid  stench  all  the  year  round,  and  among  swarms  of  flies  in  the 
summer."*    Words  could  not  better  describe  the  effects  produced  by  want  of  care 
in  the^  construction  of  this  pit;  but  of  late  years  much  has  been  done  to  lesson 
the  objections  to  this  method  of  refuse-disposal.    Efforts  have  been  made  to  prevent 
the  soakage  of  the  contents  into  the  surrounding  earth,  to  reduce  the  size  of  the  pit. 
•  Twelfth  Eeport  of  the  Medical  Officer  of  the  Privy  Council,  1869. 
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and  to  ensure  the  contents  being  in  a  dryer  state  than  before.  ^^^^^^^^^^^^^^^ 
midden  which  is  a  distinct  improvement  upon  that  we  have  described,  the  Nottingham 
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ash-pit  may  be  taken  as  an  example.  The  accompanying  drawing  (Figs.  354 
and  3.5.5)  which  is  supplied  by  the  corporation  of  that  town  with  a  specification  for 
builders,  serves  well  to  show  the  arrangement  which  ten  years  ago  was  considered 
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desirable.  Here  are  two  privies  opening  into  the  same  ash-pit,  while  one  small  door 
on  either  side  admits  of  the  same  pit  receiving  the  ashes  and  garbage  of  the  house 
Ihe  pit,  which  IS  cleared  once  in  every  three  months,  is  built  in  cement,  is  about  80 
cubic  feet  in  size,  has  a  rounded  bottom,  and  is  sunk  below  the  ground-  a  roof  shuts 
out  the  rain  from  above,  and  opportunity  for  ventilation  is  afforded  That 
this  midden  did  not  answer  every  purpose  will  be  seen  from  the  following  words 
taken  from  the  report  already  referred  to:  "The  closets  were  free  from  the  intenser 
sort  of  nuisance  which  is  usual  when  the  midden  is  of  large  size^  but,  on  opening 
the  ash  doors,  considerable  stench  was  found  from  those  closets  where  the  ashes" 
thrown  m  at  the  side  or  sides,  had  left  the  dejections  near  the  centre  of  the  midden 
to  some  extent  exposed." 

In  Hull  a  further  advance  is  made,  for  here  the  midden  is  almost  entirely  above 
the  ground,  and  is  limited  to  the  mere -space  beneath  the  seat.    It  is  buHt  of  bricks 
and  cement,  and  has  a  paved  bottom  which  slopes  sHghtly  from  front  to  back 
Ashes  and  garbage  are  thrown  through  the  hole  in  the  seat  with  a  scoop,  and 
the  midden  is  readily  emptied  by  the  removal  of  the  front. 

^  From  what  we  have  said,  it  wUl  be  seen  that  if  a  midden  is  to  be  free  from 
nuisance  it  must  be  very  limited  in  size ;  and  it  wiU  be  recollected  that  this  is 
tantamount  to  saying  that  it  must  be  frequently  emptied.  It  is,  moreover,  absolutely 
necessary  that  the  pollution  of  the  surrounding  ground  should  be  prevented.  For 
this  purpose  no  part  of  the  middenstead  should  be  aUowed  to  be  sunk,  but  its 
bottom  should  be  above  the  level  of  the  earth,  and  it  should  be  built  of  such 
impervious  material  that  soakage  from  it  shall  be  impossible. 

It  should,  as  a  further  precaution,  not  be  situated  inside,  or  with  its  walls  in 
contact  with  any  dwelling-house,  and  opportunity  should  be  given  for  the  ventila- 
tion of  the  middenstead  as  well  as  the  privy. 

In  some  towns  the  ventilation  of  the  middenstead  is  ensured  by  a  shaft  which  is 
carried  from  below  the  seat  to  above  the  building,  and  a  cuiTent  of  air  is  by  this 
means  kept  almost  constantly  in  circulation  from  the  middenstead  upwards ;  but 
wherever  this  is  done,  it  is  especially  important  that  the  shaft  should  not  be  carried 
near  any  part  of  the  house  where  emanations  from  it  could  enter  by  the  windows. 

In  the  choice  of  its  situation  regard  should  be  had  to  the  need  for  it  to  be 
emptiedj  and  under  no  circumstances  should  it  be  so  placed  that  the  contents  would 
have  to  be  carried  through  any  inhabited  house  or  building.  Where  possible, 
entrance  to  the  midden  for  this  purpose  should  be  in  the  possession  of  the 
scavengers  without  need  for  them  to  enter  the  premises. 

'Not  less  necessary  is  it  that  the  contents  should  be  kept  as  dry  as  possible ;  the 
midden  should  therefore  be  provided  with  a  roof  for  excluding  the  rain,  for  it  is 
found  that  the  tendency  to  decompose  is  very  greatly  increased  by  wetness.  In 
some  towns  steps  have  been  taken  to  drain  into  a  sewer  any  excess  of  liquid  the 
midden  may  contain ;  but  experience  has  shown  that  this  is  a  mischievous  course, 
simply  leading  to  blocking  of  the  sewers  with  the  ashes  which  are  carried  away  by 
the  liquid.  Tliis  practice  has  been  very  properly  condemned  by  Mr.  Netten  Rad- 
cliffe,  who  says  that  if  this  polluted  liquid  may  be  conveyed  out  of  the  middenstead 
into  the  sewers,  "  there  could  be  no  sufficient  reason,  either  commercial  or  sanitaiy, 
for  not  sending  all  excrement  together  along  sewers.  Drainage  is  fallacious  as  the 
means  of  continuously  draining  oiff  the  liquid  contents  of  a  middenstead,  and  thus 
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more  effectual  ways."  ^j^^  gi^^pe  of  the 

Another  point  also  affecting  the  dryness  or  i^ne  Nottingham 
midden-bottoL    It  is  with  this  object  that  the  -"^^^^^^^^^^       X  e  tther 
midden  was  designed,  but  experience  in  other  towns  has  shown  that  w 
precautions  are  taken  a  flat  bottom  answers  every  purpose 

TbP  reference  we  have  made  to  the  Nottingham  midden  will  serve  to  uius 
.1.  !let  ashes  i^  preventing  nuisance ;  wherever  the  excreta  were  well  covered 
'th  tM  Iteria  Ze  was  iiTfinitely  less  offensive  smeU  than  where  the  excreta 
Zte  It  is,  then,  upon  the  proper  use  of  ashes  that  we  have  to  depend  for 

-^XZr^^::^^  as  to  how  ashes  act.  some  believing  that 
.hiie  tTe  L  ash-dust  is  a  deodorant,  the  larger  cinders  tend  to  P™*« 
win  while  others  are  satisfied  that  the  cinders  are  useful  m  causmg  dryness  of 
Lnt2  However  this  may  be,  there  is  no  doubt  that  ashes,  either  in  fine  dust  or 
Xed  with  cinders,  have  d  very  considerable  effect  in  preventing  nuisance,  and  the 
Zstion  whether  the  latter  should  be  permitted  to  enter  the  midden  depends  more 
^:SLly  upon  their  value  for  fuel,  and  upon  the  subsequent  U^^^^^^^ 

The  disti-Ltion  of  ashes  may  be  accomplished  in  a  variety  of  ways  two  of 
these  have  already  been  mentioned  in  the  descriptions  given  of  the  Nottingham  and 
Hull  middens,  and  a  tHrd,  that  in  which  the  seat  of  the  privy  is  hinged  so  that  it 
can  be  raised  up  and  thus  admit  the  ashes,  may  be  also  referred  to,  a  plan  which 
is  more  frequently  found  in  Manchester.  Formerly  in  Salf ord  the  same  result  was 
attempted,  by  placing  the  midden  immediately  beneath  the  seat  and  floor  of  the 
closet,  aoid  raising  the  seat  so  that  there  was  a  step  in  front  of  it  thus  leaving  a 
space  between  the  step  and  the  floor  through  which  the  ashes  were  thrown  m.  This 
plan  was,  however,  found  to  be  objectionable,  and  has  since  been  abandoned. 

Latterly  it  has  been  thought  well,  for  reasons  relating  to  the  subsequent  con- 
version of  the  excreta  into  manure,  to  adopt  a  method  by  which  the  fine  ashes  only 
are  passed  through  a  cinder-sifter,  and  then  scattered  over  the  excreta.    This  sifter 
may  consist  merely  of  a  sieve,  .which  aUows  the  fine  ashes  to  faU  on  to  the  excreta, 
or  a  more  complicated  apparatus;  the  best  form  is  that  invented  by  Mr.  Conyers 
Morrell,  of  the  Sanitary  Appliance  Company,  who  has  designed  an  ingenious 
arrangement  by  which  the  ashes  are  thrown  through  an  opening  in  the  side  or  rear 
wall  of  the  privy  on  to  a  sloping  board,  which  conducts  them  to  the  screener,  or 
sieve.    By  the  pressure  upon  the  seat  which  occurs  when  the  closet  is  in  use,  the 
screener  receives  a  motion  that  separates  the  fine  dust  from  the  cinders,  and  passes 
the  former  into  a  measurer,  whence  it  is  discharged  over  the  soil  the  moment  the 
pressure  is  taken  off  the  seat ;  at  the  same  time  the  cinders  pass  over  the  screen  and 
fall  into  a  pail  below,  whence  they  can  be  removed  for  subsequent  use  as  fuel.  The 
accompanying  illustration  (Fig.  356)  shows  the  form  of  this  apparatus  ;  it  is  now  in 
use  in  many  large  towns,  and  is  found  to  be  exceedingly  well  adapted  for  the  pur- 
pose of  covering  the  soil  with  ashes. 

The  description  of  the  midden  we  have  given  will,  we  trust,  be  sufl&cient  indication 
of  the  difficulties  which  must  be  overcome  if  this  method  of  refuse-disposal  should 
be  adopted,  but  under  no  circumstances  can  the  midden  fail  to  be  more  or  less 
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Objectionable;  objections  to  it  are,  however,  much  lessened  by  attention  to  the 

details  of  its  construction,  and  to  its  proper  use 
Before  leaving  this  part  of  our  subject  it  would 
be  well  to  call  attention  to  the  admirable  model 
by-laws  of  the  Local  Government  Board,  intended 
for  adoption  by  sanitary  authorities,  and  which 
lay  down  laws  for  the  construction  and  arrange- 
ment of  the  apparatus  best  adapted  to  the  re- 
quirements of  health.  The  accompanying  draw- 
ing (Fig.  357)  indicates  the  kind  of  privy  buUt  on 
these  principles,  representing  a  receptacle  of  a  size 
which  is  supposed  to  hold  the  amount  of  refuse 

which  will  accumulate  in 


Pig.  356.— Morell's  Cinder-sifter. 


one  week,  and  having 
therefore  a  capacity  of 
eight  cubic  feet.  The 
by-laws  insist  that  every 
such    privy  shall  have 
"means  or  apparatus  for 
the  frequent  and  effectual 
ajiplication  of  ashes,  dust, 
or  dry  refuse  to  any  filth 
which  may  from  time  to 
time  be  deposited  in  such 
receptacle."    The  recep- 
tacle is  to   be  so  con- 
structed that  "the  contents  thereof  may  not  at  any  time  be  exposed  to  any  rainfall 
or  the  drainage  of  any  waste  water  or  liquid  refuse  from  any  adjoining  premises," 
and  "of  such  materials  and  in 
such  manner  as  to  prevent  any 
absorption,  by  any  part  of  such 
receptacle,  of  any  filth  deposited 
therein,  or  any  escape,  by  leakage 
or  otherwise,  of  any  part  of  the 
contents  of  such  receptacle,"  and 
so   that    "the   bottom  or  floor 
thereof  shall  be  in  every  part  at 
least  three  inches  above  the  level 
of   the  surface  of  the  ground 
adjoining  such  privy."    The  seat 
is  to  be  so  constructed  that  "  the 
whole   or  part  of  it   may  be 
readily  removed   or  adjusted  in 
such  a  manner  as  to  afford  ade- 
quate access  to  such  receptacle, 
for  the  purpose  of  removing  the 
contents  thereof,  and  of  cleans- 
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ing  such  receptacle,  or  shall  otherwise  provide  xn  or  m  connection  with  ^"^^  P^^^ 
adequate  means  of  access  to  such  receptacle  for  the  purpose  aforesaid  A  fui-ther 
by-law  forbids  any  connection  between  the  receptacle  for  filth  and  a  drain,  tor 

reasons  already  explained.  ,      ,     ^      x   •  i  +v,af 

The  floor  of  the  privy  is  to  be  paved  with  tiles  or  non-absorbent  material,  so  that 
"it  shaU  be  in  every  part  thereof  at  a  height  of  not  less  than  six  inches  above 
the  level  of  the  surface  of  the  ground  adjoining  such  privy,  and  so  that  sucn 
floor  shall  have  a  faU  or  incUnation  towards  the  door  of  such  privy  of  half  an  inch 
to  the  foot."  Built  in  this  way  it  is  impossible  for  any  water  which  may  be  thrown 
on  to  the  floor  for  washing  it  to  percolate  into  the  receptacle  which  holds  the  soil. 

Other  clauses  require  every  privy  to  be  provided  with  a  sufficient  opening  for 
ventilation  "as  near  to  the  top  as  practicable,  and  communicating  directly  with  the 
external  air." 

Finally,  the  proximity  of  the  privy  is  to  be  limited  to  a  distance  of  not  less  than 
six  feet  from  any  inhabited  dwelling.  The  situation  is  to  be  otherwise  so  regulated 
that  undue  proximity  to  a  well,  and  the  conveyance  of  the  midden  contents  through 
an  inhabited  house,  are  prevented. 
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CHAPTER  LXXIY. 

THE    PAIL  SYSTEM. 

The  Nottingham  Tub  Closet  -  Manufacture  of  Manure  -  Construction  of  Pail  -  Goux  System. 

Model  PaiL 


Until  now  we  have  limited  ourselves  to  a  description  of  a  privy  which  is 
provided  with  a  fixed  receptacle,  and  we  have  endeavoured  to  show  what  may  be 
done  to  mitigate  the  evils  with  which  to  some  extent  it  is  necessarily  accompanied 
We  must  now  turn  our  attention  to  the  construction  of  the  privy  which  is 
provided  with  a  movable  apparatus,  and  we  wiH  first  take,  as  a  type  of  that  form 
which  most  closely  resembles  the  midden,  the  Nottingham  tub  closet.  It  may 
be  best  described  as  a  closet  with  a  small  movable  middenstead,  which  is  capable 
of  being  thoroughly  cleansed  and  disinfected  at  frequent  intervals.  To  quote 
from  Mr.  Netten  Radcliffe's  report :  "It  constitutes  the  link  between  the  pail  closet 
system  and  the  midden  system.  The  Nottingham  tub  closet,  in  fact,  combines  the 
advantages  of  the  pail  closet  with  the  simpHcity  of  the  midden  closet.    The  substi- 


Fig.  358. 


tution  of  the  pail  for  the  middenstead  at  once  obviates  the  various  structural 
-difficulties  which  beset  the  building  of  a  middenstead,  so  as  to  prevent  its  unwhole- 
someness,  and  permits  that  effectual  removal  of  the  contents  and  cleansing  of  the 
receptacle  which  attach  to  the  pail  system." 

The  closet  is  of  very  simple  construction;  in  fact,  its  simplicity  is  its  great  merit. 
As  the  accompanying  drawings  (Figs.  358  and  359)  show,  it  is  provided  with  good 
means  of  ventilation  by  louvred  openings  in  the  roof.  In  most  instances  the  seat  is 
hinged,  and  in  others  the  front  is  movable ;  in  order  to  allow  of  the  more  easy 
removal  of  the  tub,  an  opening  is  often  made  in  the  back  wall  of  the  closet,  behind  the 
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seat.  This  opening  is  provided  with  a  hinged  Aap  which  can  be  unlocked  by  the 
scavengers  when  they  come  to  change  the  tubs.  The  tub  itself  is  made  of  oak, 
and  is  kept  well  tarred ;  it  has  an  outside  diameter  of  1  foot  6  inches  at  bottom 
and  1  J  9  inches  at  top,  and  a  height  of  about  1  foot  4  inches  ;  the  ^^^^^^^^'^l 
sides  is  from  J  inch  to  i  inch,  and  it  is  covered  by  a  metal  lid.  ^^^f  ^^^.^^fj^^^^ 
by  contract,  these  tubs  cost  2s.  8d.  each,  the  whole  cost  of  a  new  closet,  including 
locks  and  everything,  being  M.  The  paU  is  removed  weekly,  or  at  shorter  intervals, 
accordincr  to  the  necessities  of  the  case,  and  a  clean  pail  is  substituted  lor  it. 

It  has  already  been  said  that  the  Nottingham  paU  is  a  small  movable  Ridden- 
stead.  It  is,  in  fact,  used  as  a  receptacle  for  solid  and  fluid  excreta,  aU  the  solid 
vegetable  refuse  of  the  house,  potato-peelings,  &c.,  also  the  solid  animal  reiuse, 
the  remnants  of  food,  &c.  Together  with  these  vegetable  and  animal  substances, 
which  are  partly  solid  'and  partly  liquid,  all  the  dry  ashes  of  the  household  are 
intimately  mixed,  so  that  the  excremental  contents  of  the  pail  are  speedHy  covered 
over,  absorbed,  and  rendered  inoflensive. 

The  Nottingham  authorities  take  great  pains  to  prevent  the  emptying  of  any 
slops  except  the  chamber  urine  into  the  tubs.    In  order  to  ensure  this,  and  to 
prevent  the  tubs  becoming  sloppy  and  offensive  to  the  users,  they  insist  veiy 
rigidly  upon   good   yai-d  -  drainage   being   provided.    As  we  have  stated  with 
regard  .to  middens,  so  also  is  it  in  every  way  desirable  for  the   comfort  and 
sa^tary  well-being  of  people  that  movable  receptacles  for  the  excreta  should 
be  as  dry  as  possible;  for  not  only  is  the  splashing  of  liquid  contents  very 
objectionable  to  the  users,  but  the  jolting  of  paUs  full  of  offensive  liquid  along  the 
roads  in  course  of  removal,  even  when  this  is  effected  by  means  of  well-constructed 
covered  vans,  is  very  frequently  a  source  of  nuisance.    It  is  these  considerations 
which  have  induced  the  authorities  at  Nottingham  not  only  to  prevent,  by  every 
practicable  means,  the  emptying  of  slop-water  into  the  closet-pails,  but  they  have 
also,  m  the  case  of  schools  and  factories,  objected  to  pails,  because  in  such  places 
they  would  be  used  for  excreta  alone  without  the  ashes,  which  constitute  their  chief 
safeguard.    We  have  already  said  that  on  sanitary  grounds  it  is  an  advantage  that 
the  ordinary  ash-refuse  of  a  house  should  cover  the  midden-contents,  and  the 
same  statement  is  equally  true  for  the  closet-pail ;   for  in  this  manner  not  only 
is  the  liquid  part  of  the  contents  absorbed  and  one   of  the  chief  objections 
to  their  use  removed,  but  there  is  also  great  probability  that  ashes  have  much  in- 
fluence in  neutralising  the  results  of  any  decomposition  that  is  going  on  in  the  pail. 
As  a  matter  of  fact,  there  is  marvellously  little  smell  about  these  closets,  as  may 
be  proved  by  the  experience  of  thousands  of  dwellings  in  Nottingham.    Even  in 
the  crowded  courts,  where  the  closets  are  necessarily  very  close  together,  there  is 
a  notable  freedom  from  privy  nuisance.    "With  these  advantages  it  is  natural  that 
the  system  should  be  generally  appreciated,  and  that  it  should  have  gained  in 
popularity  among  the  working  classes  year  by  year ;  and  it  is  also  not  so  much  to  be 
wondered  at  that  the  authorities  have  encountered  no  very  serious  difficulties  in 
their  great  work  of  substituting  tub  closets  for  the  offensive  privy  middens  which 
formerly  abounded  in  the  town,  and  which  gave  rise  to  a  great  deal  of  preventible 
sickness.    The  sanitary  authority  has,  until  very  recently,  had  no  other  powers  to 
work  with  than  the  ordinary  provisions  of  the  Public  Health  Act,  and,  save  in  a 
few  exceptional  cases,  the  owners  of  property  have  not  been  subsidised;  and  yet, 
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withm  ten  years  of  the  time  when  it  may  be  said  that  the  tub  system  was  on  it« 
tnal,  they  have  been  able  to  secure  its  almost  universal  adoption  TpC  o^th 
pnvy-mKlclen  system     There  are  no^v  24,000  of  these  closets  in  th'e  boroUh 
Taking  xnto  account  those  which  must  necessarily  serve  the  purpose  of  two  or  m^e 
houses  as  is  the  case  m  the  densely-built  parts  of  the  town,  this  number  represents 
more  than  three  parts  of  the  population.  represents 

_     Just  as  Nottingham  is  abandoning  the  midden  for  the  tub  system,  we  find  that 

^^"^  P^^^^P^^  S-'i-^-  W  authorities 
the  fixed  receptacle  .s  gmng  place  to  the  movable,  but  a  further  consideration  ha 
also  an  infiuence  in  determining  these  authorities  as  to  the  mode  of  disposal.  With 


Fig.  360.— Manchester  Pail  System. 

them  the  question  of  converting  the  excreta  into  poudrette,  or  dry  manure,  has  come 
to  be  of  paramount  importance;  they  have  not  the  same  opportunity  of  disposing 
ultimately  of  the  excreta  as  other  towns  situated  in  the  centre  of  an  agricultural 
district,  and  they  are  therefore  compeUed  to  manufacture  a  material  which  can  be 
stored  in  a  dry  form  without  giving  rise  to  off"ensive  odour,  and  which  shaU  have  a 
sufficient  value  as  manure  to  enable  its  sale  to  make  some  return  for  the  cost  of 
collection,  manufacture,  and  carriage. 

Without  going  into  details,  we  may  mention  that  the  process  consists  of  the 
drying  of  the  excreta  iu  revolving  cylinders,  heated  with  steam,  with  the  result  of 
driving  off  all  the  fluid  which  is  contained  in  the  mixture  which  comes  from  the 
privies.  An  amount  of  sulphuric  acid  is  also  added  to  facilitate  drying,  and  to  fix 
the  ammonia,  and  finally  the  manure  is  produced  in  the  form  of  a  fine  powder  of  a 
brown  colour,  possessing  a  peculiar  odour. 

A  condition  essential  to  the  value  of  the  manure  is,  that  nothing  shall  be  mixed 
with  the  excreta  before  removal  but  fine  ash-dust.  Indeed,  some  authorities 
object,  on  economic  grounds,  to  the  inclusion  of  even  this.  Other  solid  matter, 
kitchen  refuse,  cinders,  (fee,  must  always  be  excluded.      It  becomes,  therefore, 
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necessary  where  this  is  clone,  that  not  only  should  there  be  yard-dramage  in 
Emulation  with  the  sewers,  as  a  means  of  disposing  of  slop-water,  but  that 


Pig.  361.— Mancliester  Pail  Privy 


a  receptacle  should  be  provided  for  the  garbage  and  cinders,  separate  from  that 
wliich  receives  the  excreta  and  fine  ashes. 

In  the  towns,  then,  to  which  we  have  referred — Manchester,  Salford,  and 
Eochdale,  the  chief  characteristic  of  the  system  is  the  use  of  a  pail  instead  of  a 


YARD 


DOOR 


DOOR 

PASSAGE 

Fig  362.—  Plan. 


DOOR 


fixed  receptacle,  and  the  separation  of  the  excreta  and  fine  ash  from  the  other  house- 
hold refuse. 

Fig.  360  gives  a  view  of  a  double  privy  seen  from  the  house  ;  the  entrance  to 
each  privy  is  at  the  end  of  the  building,  and  in  the  wall  which  faces  the  house 
openings  are  made,  through  one  of  which  ashes  may  be  thrown,  which,  falling  upon  a 
sieve,  are  divided  into  fine  dust  which  falls  into  the  pail  beneath  the  seat,  while  the 
cinders  fall  into  another  pail,  whence  they  are  removed  through  a  lower  opening, 
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to  be  used  again  as  fuel ;  a  third  opening  is  also  provided  which  gives  access  to  a 
tub  for  the  reception  of  garbage.  On  the  other  side  (Fig.  361)  abutting  on  a  passa-e 
may  be  seen  the  doors,  to  which  the  scavengers  alone  have  access;  a  central  one  for 
the  removal  of  garbage,  and  those  on  either  side  of  it  for  the  removal  of  the  closet- 
pails.  Thus  the  scavengers  have  no  need  to  enter  even  the  yard,  but  are  able  to 
perform  the  necessary  duties  under  circumstances  which  cannot  give  rise  to 
unpleasantness,  there  being  no  necessity  for  the  pails  to  be  carried  throu-^h 
the  house.  The  ground  plan  (Fig.  362)  will  clearly  explain  the  relative  position°of 
the  closet,  cmder-sifter,  and  refuse-pail,  together  with  the  openings  for  the  removal 
of  the  pails. 

There  is  one  detail  that  deserves  especial  mention,  the  construction  of  the  paiL 
At  the  moment  of  removal  the  contents  are  Hable  to  some  amount  of  disturbance, 
and  it  is  therefore  very  necessary  that  the  pails  should  be  provided  with  a  close- 
fitting  lid.  In  Rochdale  there  is  one  in  use  known  as  Haresceugh's  patent  spring-lid 
receptacle,  the  lid  of  which  is  provided  with  a  cushion  of  india-rubber  (see  Figs.'sGS 
and  364),  which  is  fastened  down  by  a  strong  spring.  The  Hds  are  brought  with  the 
empty  pails  when  those  which  are  full  are  exchanged,  and  being  fitted  to  the  latter 
they  are  hermetically  sealed,  and  all  possibility  of  leakage  or  effluvia  is  prevented. 


Fig.  363.— Eoohdale  Pail. 


Fig.  364.— Eoohdale  PaU. 


Rochdale,  by  the  way,  is  abandoning  iron  pails  for  those  of  wood,  finding  that  the 
latter  are  far  less  expensive,  that  they  last  longer,  and  are  far  more  easily  repaired. 

The  advantage  of  the  use  of  pails  over  even  the  best  constructed  midden  is  the 
ease  with  which  the  removal  of  contents  is  efiected.  It  is  impossible  to  empty  the 
midden  without  much  disturbance  of  the  contents,  causing,  whether  by  night  or  day, 
a  pollution  of  the  air ;  but  the  movable  receptacle  can  be  replaced  by  an  absolutely 
clean  one,  whUe  that  which  is  full  is  taken  to  some  distant  spot  where  it  is  thoroughly 
cleansed.  In  Rochdale  eveiy  paU  is  washed  by  water  delivered  from  a  hose  at  40  lb. 
pressure,  and  is  subsequently  disinfected  by  having  placed  in  it  a  small  quantity  of 
disinfectant,  which  is  made  by  mixing  equal  parts  of  chloride  of  lime  and  alum  in 
ten  parts  of  water.  Speaking  of  the  advantages  of  the  pail  system  over  the  old 
midden,  Dr.  Wilson,  xmtil  lately  the  medical  officer  of  health  to  Rochdale,  says 
that  since  the  adoption  of  pails  there  has  been  a  marked  change  in  the  general 
health  of  the  population,  shown  not  only  ia  lower  rates  of  general  mortality, 
but  also  in  a  diminution  of  sickness  froJ^  ^**vers  and  diarrhoea. 
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We  have  but  one  other  form  of  movable  receptacle  to  describe  vi..,  t^e  Goux 
tub  In  this  system  also  attempts  are  made  to  secure  the  dryness  of  the  contents  and 
f;etard  d  composition,  and  it  has  the  advantage  of  helping  to  dispose  of  other 
fl  matter  at  the  same  time;  but,  instead  of  ashes  being  made  to  cover  the  con^ 
tents,  the  tub  is  prepared  in  a  special  way,  so  as  to  render  this  unnecessaiy  The 
tub  tapers  from  Ibove  do^vn^vards,  is  eighteen  inches  high  and  twenty  inches  at  its 
greatest  diameter.  The  bottom  is  covered  with  three  or  four  inches  of  refuse 
which  we  are  told  in  the  trade  circular  of  the  Goux  Company,  may  consist  ot 
"stable-litter,  leaves,  spent  tan  or  hops,  sawdust,  shavings,  shoddy,  flax  dressings, 
or  the  thousand-and-one  convenient  substances  to  be  found  in  every  place  Ibis 
is  mixed  with  a  little  soot,  charcoal,  gypsum,  or  other  deodoriser.  To  line  the 
sides  a  mould  of  the  same  shape  as  the  tub,  but  of  an  internal  diameter  six  inches 
less  is  placed  upon  the  absorbent  material  at  the  bottom,  and  the  space  between  the 
tub' and  the  mould  closely  packed  with  the  same  refuse  as  that  beneath  the  latter. 

The  accompanying  drawings  (Figs.  365  and  366)  show  a  section  of  the  tub  charged 
with  this  substance,  and  the  mould  which  is  used  in  the  filling.  The  preparation 
cf  the  tub  is  not  a  lengthy  process,  and  requires  no  special  skUl ;  one  boy  can 
pack  a  himdred  tubs  in  an  hour,  and,  when  once  ready  for  use,  no  other 
precaution  has  to  be  taken 

}  1'  8" 

nothing  is  needed  but  to 
remove  the  charged  tub  at 
stated  times  and  replace  it 
with  a  clean  one.  Only  at 
the  time  of  removal  has  any- 
thing further  to  be  done  with 
a  view  of  preventing  un- 
pleasantness;  but,  at  that 
moment,  the  part  of  the  lining 
which  is  exposed  is  broken 
up  and  scattered  over  the 
surface  of  the  contents.  We 
have  said  that  the  intention 


Fig.  386.— Goux  Mould. 


Fig.  365.— Goux  Pail. 


of  the  lining  was  to  secure  the  dryness  of  contents, 
but,  as  a  matter  of  fact,  it  does  not  appear  wholly  to  attain  this  object ;  neverthe- 
less the  tubs  are  remarkably  free  from  odour,  even  when  examined  at  times  of  the 
year  when  such  matter  as  they  contain  is  more  likely  to  be  offensive  than  at  others. 
Mr.  Eadclifie,  after  examining  two  boat-loads  of  the  filled  pails,  says  there  was  no 
perceptible  odour  from  them  under  a  hot  sun,  and  he  would  not  have  had  any 
suspicion  of  their  contents  either  from  sight  or  smell,  had  he  not  previously  known 
what  they  were.    So,  again,  Dr.  Goldie,  the  medical  oflB.cer  of  health  of  Leeds,  says, 
"  I  would  at  once  give  it  as  my  opinion  that  the  absorbent  packing  of  the  Goux  system 
answers  the  great  end  of  arresting  decomposition.    The  tubs  are  only  emptied  once 
a  week,  which  would  give  their  contents  ample  time  to  set  up  that  decomposition 
which  is  not  only  most  offensive  to  the  nasal  organs,  but  dangerous  to  public 
health."    Nevertheless,  he  found  that  during  a  period  of  nearly  five  years,  at 
Halifax,  only  two  complaints  had  been  made,  and  these  were  clearly  traced  to 
direct  negligence  on  the  part  of  the  operatives. 

Whatever  system  may  be  adopted,  the  same  general  rules  will  apply  to  each. 
52 
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It  is  upon  the  frequent  emptying  of  pails,  or  ratlier,  of  the  excliange  of  clean  pails 
for  full  ones    an  ■nfimtely  better  plau-and  the  preservation  of°tho  content' t 

as  dry  a  condition  as  possible,  that  success  will  depend 

It  is  essential  that  the  pail  should  be  impervious,  and  it  is  desirable  that  it 
should  not  have  a  larger  capacity  than  two  cubic  feet.  With  regard  to  the  privy 
Itself  the  -structions  laid  down  in  the  model  by-laws  of  the  Local  Government 
Board  should  be  fo  lowed  There  should  be  constructed  over  the  whole  area  of  the 
space  immediately  beneath  the  seat  "  a  flagged  or  asphalted  floor,  at  a  height  of  not 
less  than  three  inches  above  the  level  of  the  surface  of  the  ground  adjoining  such 
privy,   and  the  whole  extent  of  each  side  of  the  space  between  the  floor  and  the 

inlfr  1       T'T""^.  ''''''       ^^^'^  brickwork,  at  least  nine 

inches  thick,  and  rendered  m  good  cement  or  asphalted."  The  pail  is  to  be  so 
placed  that  It  may  receive  the  whole  of  the  material  thrown  through  the  seat,  and 
so  that  the  floor  and  sides  of  the  space  beneath  the  seat  may  not  be  polluted  The 
seat  IS  to  be  movable,  so  that  the  pail  may  be  changed  and  the  space  in  which  it 
stands  may  be  thoroughly  cleansed. 

With  regard  to  its  situation,  its  distance  from  the  house  and  from  a  well  its 
ventilation,  and  the  opportunity  for  the  pails  to  be  changed  without  brincrin<.  them 
through  the  house,  the  same  rules  should  be  obeyed  as  those  already°delcribed 
when  speaking  of  middens. 

In  concluding  this  chapter,  I  ought  to  state  that  for  the  account  of  the 
Nottingham  tub-closet  I  am  indebted  to  Dr.  Edward  Seaton. 
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CHAPTER  LXXV. 

THE  DRY-EARTH  SYSTEM— GENERAL  CONCLUSIONS. 
Preparation  of  Earth-Constructiou  of  Earth-closets-Yalue  of  Earth-manure-Choice  of  System. 

The  effect  of  dry  earth  upon  excreta  is  very  different  from  that  of  ashes,  for  it  is 
found  that  it  serves  to  make  the  excreta  not  only  inoffensive,  but  to  effect  complete 
chan-e  in  the  latter,  so  that  their  original  character  cannot  be  recognised,  and 
even°if  paper  be  mixed  with  them  this  disappears  at  the  same  time.  We  learn 
from  Dr.  Buchanan's  report*  that  the  late  Rev.  Henry  Moule,  to  whom  we  are 
indebted  for  this  method  of  treatment  of  excrement,  regarded  the  process  which 
takes  place  in  the  mixture  "  as  consisting  in  a  change  of  the  organic  substances  of 
excrement  into  the  state  in  which  organic  matter  naturally  exists  in  fertUe  soil,  m 
such  a  way  that  the  animal  refuse  becomes  proximately  available  for  the  support  of 
the  plant,  without  undergoing  ultimate  reduction  into  simple  salts  and  gases."  This 
change  is  not  completed  immediately;  it  is  necessary  that  the  mixture  should  be 
kept  dry  for  some  time,  as  much  as  six  weeks  being  as  a  rule  required  for  this 
purpose  ;  it  then  possesses  the  remarkable  power  of  being  able  to  act  in  the  same 
manner  as  the  original  earth  upon  fresh  excreta,  indeed,  when  the  earth  consists  of 
clay,  it  is  improved  by  its  first  use.  How  many  times  it  may  be  thus  used  over 
and 'over  again  is  not  quite  clear,  but  it  has  been  employed  experimentally  over  a 
dozen  times  without  any  apparent  deterioration  in  its  power. 

It  is  found  that  a  pint  and  a  half  of  properly-prepared  earth  is  sufficient  for 
each  dejection,  together  with  the  urine  which  accompanies  it.  Loamy  earth  is  the 
most  valuable ;  clay  is  also  good ;  sand,  gravel,  and  chalk  are  practicaUy  useless. 
Latterly  peat  has  been  successfully  used,  the  best  results  being  obtained^  from 
a  mixture  of  four  parts  of  peat  to  three  of  earth,  or  earth  and  fine  ashes  in  the 
proportion  of  four  of  the  former  to  one  of  the  latter.  But  whatever  substance 
be  chosen,  two  conditions  are  absolutely  necessary:  first,  that  the  earth  shall 
be  very  dry ;  secondly,  that  it 
shall  be  finely  sifted.  Dryness 


IS 


essential  at  all  stages  of  the 


process,  for  if  slop-water,  or  leak- 
age, lead  to  the  mixture  of  earth 
and  excreta  becoming  moistened, 
decomposition  will  begin,  and  an 
offensive  mass  be  produced ;  there 
ought,  however,  to  be  no  diffi- 
culty in  ensuring  the  amount  of 
diyness  which  is  needed  for  suc- 
cess.   The  earth  may  be  dried 


Fig.  367.— Stove  for  Drying  Earth, 


over  the  kitchen  fire,  or  on  the  hearth  under  a  kitchen  range,  or,  better  still,  in 
summer  simply  in  the  sun.    Where  earth-closets  are  regularly  used,  it  is  well  to  take 

*  Report  of  the  Medical  Officer  of  the  Privy  Covinoil,  1869. 
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advantage  of  tlie  opportunity  that  summer  affords  for  the  preparation  of  a  sufficient 
amount  of  earth  to  hist  during  the  winter,  or,  if  preferred,  a  stove  such  as  that  shown 


Fig.  368.— Earth-sifter. 


Fig.  369.— Eaxtli  Plug  Closet. 


in  the  accompanying  drawing  (Fig-  367)  may  be  employed ;  it  consists  merely  of  a 
furnace  with  the  upper  surface  fui-nished  with  a  tray  on  which  the  earth  is  placed. 

After  the  earth  is  dry  it  must 
be  sifted,  most  conveniently  by  a 
sieve,  or  by  means  of  a  dustless 
sifter  such  as  that  shown  in  the 
annexed  drawing  (Fig.  368).  By  a 
simple  contrivance,  the  earth  thrown 
into  the  hopper  is  separated  into  two 
parts,  the  larger  pieces  passing  into 
the  lower  drawer,  the  smaller  into 
the  upper. 

It  may  be  applied  to  the  excreta 
in  more  than  one  way ;  by  a  mere 
scoop  in  the  hand  of  the  user,  or  by  a 
mechanical  contrivance  in  connection 
with  the  closet;  the  latter  method 
is  the  better,  for  it  eliminates 
any  chance  of  improper  application 
through  the  carelessness  of  the  in- 
dividual. 


Fig.  370.— Earth  Pressure  Closet. 


Mr.  J.  W.  Girdlestone,  engineer  to  the  Moule's  Earth-closet  Company,  has  designed 
a  closet  which  admirably  fulfils  all  the  necessary  conditions.  Fig.  369  represents  one 
which  the  earth  is  discharged  by  a  plug,  and  Fig.  370  by  pressure  on  the  seat. 
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or  fixed  receptacle.  Pails  made  of  galvanised  ^—^^ 
iron  to  hold  twelve  or  twenty  charges,  and  similar 
to  that  shown  in  the  drawing  (Fig.  371),  are  sup- 
pUed  with  the  earth-closets  already  described,  and 
are  found  to  be  convenient  for  household  use.  The 
seat  is  fitted  with  either  a  galvanised  iron  or  an 
earthenware  rim,  which,  projecting  below  it, 
pai-ticularly  in  front,  guides  all  fluid  into  the 
receiver.  With  regard  to  the  details  of  construc- 
tion of  the  rest  of  the  earth-closet,  we  have  little 
more  to  do  than  to  repeat  the  advice  which  has 
been  given  for  ash-closets  and  middens;  here,  also, 
as  we''  have  said,  dryness  is  essential  to  success ; 
for  the  purpose  of  ensuring  dryness  the  receptacle  i  '  i' 

sWd  aJys  be  situated  some  two  or  three  inches  above  the  level  of  the  ground 
whether  itbe'avaidtorapail,andnothingbuttheexcreta,theurinewhicha^^^^^^^ 

them,  and  the  dry  earth  itself  should  be  permitted  to  enter  the  closet  If  s loi>wa  r 
be  thrown  in,  the  result  is  at  once  disastrous  ;  the  earth-closet,  therefore,  absolutely 
necessitates  some  other  method  of  disposing  of  slop- water,  and  even  of  chamber  urine. 

The  accompanying  drawing  (Fig.  372),  shows  an  earth-commoc  e  weH  adapted  for 
use  inside  the  house.    The  removal  of  the  contents  is  effected  by  taking  ou  the 

pail  in  the  front  or  the  sides  of  the  closet, 
and  each  pail  is  provided  with  a  cover 
to  be  used  at  the  time  of  removal.  If  the 
receptacle  is  placed  outside  the  house, 
there  is  no  reason  why  it  should  not 
be  made  sufficiently  large  to  hold  three 
months'  accumulation;  but  if  inside  the 
house,  a  pail  which  can  easily  be  carried  is 
the  most  convenient  form  of  receiver. 
It  should  not  be  placed  in  a  bed-room  or 
sitting-room,  and  wherever  situated,  there 
should  be  an  outside  wall  in  which  there 
is  a  window  to  ensure  ventilation. 

After  removal  from  the  receiver  the 
material  must  be  stored  until  the  earth  has 
had  ample  time  to  alter  the  composition  of  the  excreta,  and  while  this  is  taking  place 
it  must  still  be  kept  absolutely  dry.  ISTot  less  than  six  weeks  should  be  allowed  for 
this  process  to  be  completed,  and  the  mixture  may  then  be  used  over  again  in  the 
closets,  or  spread  over  the  land  for  manure. 


Fig.  372.— Enrtli-commocle. 
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Part  of  the  advantage  claimed  as  being  derived  from  the  earth  system  of 

iSoT^"i''^'°'t ^  P^°^^«^  ^l"^'^     formed.  In 

1869  the  Rev.  H  Moule  informed  Dr.  Buchanan  that  he  had  by  experiment 
compared  the  earth  manure  with  super-phosphates.  "Four  acres  on  a  farm  at 
Pordmgton  were  sown  vnth  turnips,  manure  having  been  previously  drilled  in  •  the 
manure  to  3f  acres  was  super-phosphates,  bought  at  £7  12s.  a  ton  :  the  manure  on 
the  other  quarter-acre  was  earth  compost  that  had  been  five  times  through  closets,  and 
bought  at  £3  a  ton.  The  manures  were  used  in  equal  quantity,  a  cwt.  to  each 
quarter-acre  The  quarter-acre  mantxred  with  earth  compost  yielded  one-third  more 
m  weight  of  turnips  than  an  average  quarter-acre  manured  with  super-phosphates, 
cheep  were  fed  on  the  turnips,  and  next  year  barley  was  sown  over  the  whole  four 
acres;  the  barley  on  the  quarter-acre  stood  conspicuously  over  the  other  barley,  and 
yielded  area  for  area  in  the  proportion  of  four  to  three  over  the  remainder  of  the 

XLClcl.  ^ 

Similar  testimony  to  its  value  has  been  given  by  some  others  who  have  used  it: 
whi  e  in  the  hands  of  others,  again,  it  is  not  credited  as  being  worth  more  than  ordinary 
garden  mould.  It  is,  on  the  one  hand,  sold  at  as  high  a  price  as  £Q  per  ton,  and,  on 
tJie  other,  has  been  valued  by  Dr.  Voelcker,  as  the  result  of  analysis,  at  no  more 
than  7s.  6d.  a  ton  after  it  has  passed  five  times  through  the  closet.  This  question 
ot  the  value  of  the  product  may  be  a  matter  of  importance  to  those  authorities  who 
are  looking  for  a  return  for  the  cost  of  collection  and  for  the  supply  of  earth  •  for 
our  purposes  we  must  consider  rather  its  sanitary  than  its  commercial  value,  and  it 
will  be  well,  in  discussing  this  subject,  to  put  aside  all  thought  of  procuring  any- 
thing of  greater  value  than  a  good  garden  mould ;  we  shall  then  be  left  free  to 
thmk  only  of  those  advantages,  from  a  health  point  of  view,  which  belong  to  the 
dry-earth  system.  One  point,  however,  may  be  insisted  upon  :  whatever  the  value 
of  the  earth  may  be  after  it  has  been  two  or  three  times  through  the  closet,  its 
subsequent  use  beyond  this  does  not  appear  to  enhance  it.  If,  therefore,  it  is 
intended  to  use  it  over  and  over  again,  the  reasons  for  doing  so  must  relate 
only  to  those  of  convenience. 

^  As  another  deodorant,  we  must  not  omit  to  mention  charcoal,  which  has  in 
ship-building  communities  on  the  Clyde  come  to  be  used  in  a  manner  similar  to  dry 
earth.  The  value  of  the  method  depends  upon  the  fact  that  charcoal  is  a  better 
deodoriser  than  either  ashes  or  earth,  and  therefore  a  much  smaller  quantity  need 
be  used.  Mr.  Edward  Stanford,  who  has  especially  urged  the  value  of  this  material 
for  closet  use,  has  found  by  experiment  that,  whereas  dry  clay  only  absorbs  45  per 
cent,  of  water,  dry  charcoal  prepared  from  seaweed  absorbs  147  per  cent.  The  closet 
to  be  used  is  practically  the  same  as  the  earth-closet,  but  for  the  cliarcoal  system 
it  is  claimed  that  chamber  urine  may  be  thrown  on  to  it  in  addition  to  that  which 
accompanies  each  dejection.  After  removal,  the  mixture  is  burnt  in  a  retort, 
which  distils  over  products  which  are  said  to  have  a  value  of  a  material  kind,  while 
the  residue  is  used  over  again. 

There  are  other  methods  by  which  excreta  may  be  rendered  less  offensive — 
for  instance,  by  the  use  of  disinfectants — while  remaining  within  the  precincts  of  a 
house,  but  it  is  unnecessary  for  our  purpose  to  do  more  than  mention  those  most 
suitable  for  general  use. 

♦  Twelfth  Keport  of  the  Medical  Officer  of  the  Privy  Council,  IS69. 
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.1         r    +T^T, +n  til  P  pxcreta  of  dry  liousehold  refuse. 
""'^.^N^tSr tr:eT:e  a,.  sU  is  ve.,  f.ee  ^^^^^^^^ 

of  removal,  and  no  system  c^n  however,  intended  at  all  to  convey 

r Idlf^"  Cn  — s  .Mrte^not  adopted  precisely  t.e  same 
;te"  a^^^^^^  do  the  best  possible  thing  for  their  communit.es.  In  some 
ar!e"entxes  of  industry  the  authorities  have  had  to  encounter  the  manurxal  dxffi- 
uS  Sts  wor,  form  These  towns  are  so  large,  and  their  surrouudmgs  ar  so 
Sl^P  puT^^^^^^  that  it  at  length  came  to  be  a  matter  of  impossibihty  for  them 
o  Sose  of  thei^  refuse  as  manure,  even  at  a  nominal  price,  and  by  sending  it  o 

lat  Sauces     Hence  they  have  been  compelled  to  direct  their  attention  to  the 

fa^^ut tr  of  reducing  L  bulk,  and,  in  Rochdale  and 

now  for  some  time  been  engaged  in  the  manufacture  of  the  materia  to  which 
le  hat  referred.    Eor  this  purpose  it  is  of  course  essential  that  ^^^  ^^^'^^f^^^^^ 
be  different  from  that  carried  out  in  Nottingham  at  its  inception ,  that  is  to 
say,  tt  the  closet-pail  should  be  made  to  bring  away  only  the  excreta  and  matter 
of  manurial  value,  and  as  little  as  possible  of  the  ashes 

worthless  in  the  manufacture  of  poudrette.     Nottingham  is  at  present  happily 
placed  in  very  different  circumstances,  for  though  rapidly  becoming  a  large  to^vn 
it  is  still  surrounded  by  an  extensive  agricultural  district,  and  as  yet  there  have 
been  no  serious  difficulties  in  the  way  of  disposing  of  the  town  refuse,  except  at 
times  of  frost  and  flood,  when  some  accumulation  takes  place. 

In  speaking  of  the  advantages  of  the  paU  or  tub  closet  system,  whether  as  carried 
out  in  Nottingham  or  at  Manchester,  it  must,  of  course,  be  understood  that  the 
whole  success  depends  on  the  perfection  of  management,  by  which  the  pails  or  tubs 
are  removed  and  replaced  in  a  cleanly  state  at  regular  and  frequent  intervals,  and 
by  which,  in  densely-buHt,  crowded,  poor  districts,  closets  are  regularly  apportioned 
to  houses  and  provided  with  keys.    Without  the  most  rigidly  systematic  arrange- 
ments, and  also  active  and  constant  supervision  in  the  poor  localities  of  a  town,  the 
system  is,  of  course,  capable  of  becoming  abused,  and  giving  rise  to  a. state  of  things 
offensive  to  the  people,  and  quite  as  prejudicial  to  health  as  the  privy-midden  system. 
Nottingham  has  been  fortunate  in  possessing  a  health  committee  who  have  devoted 
much  time  to  this  subject.  The  results  of  the  improved  state  of  things  on  the  public 
health  have  been  several  times  referred  to  in  reports  of  the  able  medical  officer  of 
health,  Dr.  Edward  Seaton.    In  a  special  paper  on  this  subject,  which  he  read  at  a 
meeting  of  the  Society  of  Arts,  in  1879,  he  showed  that  there  had  been  a  remarkable 
reduction  in  the  rate  of  mortality  and  sickness  from  enteric  fever,  consequent  upon 
the  substitution  of  pail  closets  for  privy-middens.    It  is  intended  to  carry  out  still 
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further  impiwements  m  this  direction,  which,  it  is  hoped,  will  be  effectual  in  con 
hning  his  disease  withm  even  narrower  limits.  Under  the  system  for  the  «  earlv 
notihcation  of  mfectious  diseases,"  which  is  now  being  introduced  in  Nottingham 
the  authorities  will  become  acquainted  with  the  existence  of  such  diseases  as  enteric 
fever  at  once  and  they  will  adopt  special  precautions.  These  will  consist  in  providing 
special  pads  (coloured  red)  for  the  infected  houses.  The  pails  will  be  charged  with  I 
strong  chemical  disinfectant,  probably  sulphate  of  iron,  wHl  be  removed  at  more 
fi-equent  intervals  than  usual,  and  will  be  dealt  with  in  a  special  manner  at  the 
wharf  It  IS  confidently  expected  that  by  this  means  the  death-rate  from  enteric  fever 
whicli  has  already  been  materially  diminished,  will  be  still  further  reduced 

There  is  of  course,  no  reason  why  the  same  precautions  should  not  be  taken  in 
all  towns  where  movable  receptacles  are  used,  and  the  possibiHty  of  this  bein-  done 
IS  one  of  the  many  arguments  in  favour  of  the  superiority  of  the  movable  receptacle 
over  the  hxed.  ^ 

Much,  too,  of  the  good  results  which  have  attended  the  use  of  the  Nottingham 
tub  IS  due  to  the  way  in  which  the  dryness  of  contents  is  ensui-ed  In  Salford  for 
instance  as  a  matter  of  practice  everything  that  can  pass  through  the  sieve  is 
permitted  to  enter  the  pail.  Slop-water  of  course  is  not  rejected  by  the  meshes  of  the 
sieve,  and  thus  the  pail  comes  under  these  circumstances  to  be  fai-  less  free  from 
nuisance  than  it  should  be. 

It  is  not  within  our  province  to  discuss  at  greater  length  the  removal  of  this 
matter  ^  by  the  town  scavengers  or  its  subsequent  disposal ;  but  we  must,  in 
conclusion,  consider  the  position  of  a  house  so  situated  that  the  removal  of  privy 
contents  must  depend  upon  the  householder  Hmself.  Placed  in  a  rural  district, 
where  water-carriage  is  impossible,  and  where,  as  we  have  said,  the  periodical 
removal  by  the  scavengers  of  a  corporation  is  unobtainable,  we  have  to  decide  in 
what  manner  the  excreta  shaU  be  treated.  Under  these  circumstances,  the  dry- 
earth  system  offers  the  greatest  possible  assistance.  The  objections  to  its  use  in 
large  towns— objections  which  consist  mainly  in  the  large  amount  of  earth  which 
would  be  required,  and  in  the  carelessness  of  the  inhabitants  in  disposing  of  slop- 
water,  would  have  no  place  here.  In  single  houses,  in  public  institutions,  and  even 
in  villages,  it  is  easy  to  educate  people  to  exercise  the  necessary  care,  and  then  the 
best  possible  results  are  obtained.  AU  that  is  required,  in  addition  to  the  earth- 
closet  and  to  the  drying  and  sifting  of  the  earth,  is  a  place  where  the  pail  contents 
may  remain  until  the  action  of  the  earth  upon  the  excreta  is  quite  complete,  and 
this  place,  it  must  be  recollected,  must  be  one  where  no  wet  can  enter, 

A  comparatively  small  plot  of  land  wUl  supply  the  earth  that  is  required  in  the 
first  instance,  and  the  means  for  its  ultimate  disposal  after  use.  In  villages  where 
the  size  of  cottage-gardens  is  too  small  for  each  occupier  to  make  his  own  arraufe- 
ments,  these  must  be  made  by  those  to  whom  the  cottages  belong.  It  will  then  be 
necessary  to  employ  a  man  to  prepare  the  earth  and  to  keep  the  hoppers  charged 
with  a  constant  supply.  A  small  kiln  will  be  found  to  be  usefid  for  this  purpose, 
and  the  subsequent  removal  of  the  closet  contents  need  cause  no  difficulty.  Farmers 
gladly  undertake  this  task  for  the  value  of  the  manure,  and  are  indeed  generally 
willing  to  supply  earth  for  the  purpose  if  it  is  required.  In  the  course  of  Mr. 
Kadcliffe's  inspection,  it  was  only  where  wetness  was  found  that  complaint  was  made 
of  any  offensiveness.     Thus,  at  the  Adelaide  Collieries,  Sheldon,  Bishop  Auckland, 
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„e  lean,  the  cottagers  we,,  entoiastic       *tV:r!r™/eT  ^=1^^^^^^^^ 
to  the  old  midden  closet,  and  more  than  one  ''VO^^;l'''Jl'^'J^°J,^^,,ssei 

ot  ensuim    ue  impossible,  tlie  earth  system  undoubtedly  comes  next. 

ZrZ'  .':t' w  is  not  only  upon  the  construction,  but  upon 

fhe  use  of  ly  given  apparatus  that  we  must  depend  for  the  preventxon  of  xnjury 
to  hTallh  and  the  household  must  therefore  be  educated,  wherever  here  a  e 
dry  diets',  to  remember  that  the  advantage  which  is  to  be  ^^^^  'l^^^^^^ 
of  refuse-disposal  ceases  the  very  moment  slop-water  is  permitted  to  entei  them, 
whether  fixed  receptacles,  tubs,  or  pails  are  used. 


WATER. 

By  Professor  F.  S.  B.  Francois  de  Chaumont,  M.D.,  F.R.S. ;  Rogers  Field  B  A. 

M.INST.C.E. ;  AND  J.  Wallack  Peggs,  C.E.*  '     "  ' 


CHAPTER  LXXVI. 

THE  RELATION  OF  WATER  TO  HEALTH  AND  DISEASE. 
Quantity  of  Water  required  per  head-Sources  of  Water-supplv-OualitiPs  nf  -Pi  ^ 

of  Impure  Water  upon  ^^^^Z::^^^^^ 

Water  is_  one  of  the  prime  necessaries  of  life,  second  only  to  air  in  importance. 
Without  air  life  comes  quickly  to  an  end ;  without  water  the  process  is  slower  but 
none  the  less  sure;  whereas  without  food  life  has  been  prolonged  for  a  considerable 
period  so  long  as  water  has  been  obtainable.    Water  used  of  old  to  be  caUed  one  of 
the  elements,  before  chemistry  overthrew  the  crude  notions  of  ancient  philosophy 
and  it  is  not  yet  a  hundred  years  since  it  was  shown  to  be  a  compound  body' 
Cavendish  and  Watt  dispute  the  honour  of  the  discovery,  but  like  every  other 
discovery  it  was  led  up  to  by  the  labours  of  others-by  those  of  Priestly,  who  dis- 
covered the  gas  oxygen,  and  the  existence  of  inflammable  air,  afterwards  called 
hydrogen;  and  those  of  Lavoisier,  whose  brilliant  discoveiy  of  the  union  of  oxygen 
with  other  bodies  laid  the  foundations  of  modern  chemical  science.    Water,  then,  is 
a  combination  of  the  two  gases— hydrogen  and  oxygen— in  certain  proportions,  two 
parts  by  measure  of  the  former  to  one  of  the  latter.    In  chemical  symbols  it  is 
commonly  expressed  as  H,0.     One  of  the  ancient  philosophers,  Thales,  laid 
down  as  the  principle  of  his  school,  fioxaro;-  ,,y  sScp  (water  is  the  best),  meaning 
thereby  that  water  was  the  origin  of  aU  Ufe.    Although  we  now  know  that  much 
of  his  reasoning  was  false,  yet  there  is  no  doubt  that  he  there  recognised  a  grand 
principle— namely,  the  absolute  necessity  of  moisture  for  all  organic  life.    We  find 
accordingly  that  the  elements  of  water  enter  into  the  composition  of  everything  that 
has  life,  and  that,  further,  water,  as  water,  is  also  in  greater  or  less  quantity  in  every 
tissue  of  both  plants  and  animals.     Everything  that  we  eat  contains  water  in 
greater  or  less  quantity,  as  a  reference  to  a  table  of  the  composition  of  food  will  at 
once  show.    Thus  every  pound  of  butcher's  meat  contains  three-quarters  of  a  pound 
of  water,  every  pound  of  potatoes  the  same,  every  pound  of  bread  about  two-fifths 
of  a  pound,  and  so  on.    Green  vegetables  contain  about  nine-tenths  of  their  weight 
of  water,  and  milk  and  all  beverages  whatsoever  consist  for  the  most  part  of  water. 
Looking  at  these  facts,  and  still  further  at  this  one,  that  our  own  bodies  are  pretty 
nearly  three  parts  water,  it  will  be  easily  understood  what  an  important  part  water 
plays  in  our  existence,  even  if  we  were  not  convinced  of  it  by  ordinary  practical 
experience. 

*  Chapters  LXXVI.  to  LXXVIII.,  -which  deal  with  the  matter  from  the  Medical  point  of  view,  are 
by  Professor  De  Chaumont.  The  subsequent  chapters,  treating  of  the  Engineering  aspects  of  the 
question,  are  by  Messrs.  Rogers  Field  and  J.  Wallace  Peggs  jointly. 
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various  beverages;  for  pe,.onal  cleanhness;  for  ^^^J^^^^  T^S,  g  st-tl  and 
BaHtaaons  ;  for  removal  ^^T::^:;^ employed 

tn  consider  these  points  separately.  „Kr.-,a+a 
Tor  drinkinc^-purposes  the  amount  required  varies  with  age,  sex,  weight  chmate 
For  dnnkin,  p    p  ^   ^^^.^^  ^^^^^^  ^^^^  ^^^^  ^^^^^  ^^^^^t 

T  n  other  words,  a  man  takes  in  daily  about  ^  of  his  weight  of  water.    Now  of 
Ims  wa^tr  from  ;ne-fourth  to  one-third  exists  in  the  so-called  solid  food,  and  the 
remainder  is  taken  either  as  water  itself,  or  in  some  other  beverage  or  liquid  food 
sulTbeer,  wine,  tea,  coffee,  mHk,  soup,  and  the  like.    Supposing  a  man^to 
restrict  himself  to  water,  or  such  beverages  as  are  usually  prepared  with  water, 
uch  as  tea,  coffee,  &c.,  he  would  consume  usually  about  half  the  total  quantity  in 
actual  beverage,  and  the  remainder  with  his  food,  cooked  and  uncooked.    Thus  a 
man,  weighing  say  12  stone,  or  168  lb.,  would  require  daily  (under  ordinary  circum- 
stances of  work  and  health)  about  84  oz.,  or  a  little  over  half  a  gallon  of  water.  0 
this,  in  aU  probability,  about  two  pints  would  be  drunk  as  water,  tea,  or  coffee  and 
the  remainder  would  be  present  with  his  food  in  various  forms.    About  one-half  of 
this  water  is  got  rid  of  through  the  kidneys  and  the  remainder  through  the  lungs 
and  skin.    This  relative  proportion  may  be  altered,  as  well  as  the  actual  quantity 
drunk  by  increased  muscular  exertion  or  by  increased  temperature  of  atmosphere. 
In  either  of  these  two  cases  the  action  of  the  skin  and  lungs  becomes  considerably 
increased,  and  by  the  evaporation  thus  produced  a  cooling  effect  is  obtained  which 
preserves  the  balance  of  temperature,  that  would  otherwise  be  thrown  out  of  gear  by 
the  increased  animal  heat  arising  during  the  exertion.    For  the  cooking  of  food  a 
certain  amount  is  required,  only  part  of  which  is,  of  course,  actually  consumed  with 
the  food.   This  will  generally  not  be  less  in  the  case  of  adults  than  three-quarters  of 
a  gallon  to  one  gallon  daily.    Taking  all  sexes  and  ages  together,  we  may  lay  down 
the  minimum  necessary  for  drinking  and  cooking  purposes  as  one  gallon  per  head 
per  diem.    This  is  the  government  allowance  for  soldiers  in  barracks,  but  of  course 
much  more  will  be  used  in  households,  where  the  meals  are  numerous  and  the 
cuisine  more  or  less  elaborate. 

An  additional  quantity  is  also  needed  for  washing  up  dishes  and  utensils,  but 
this  of  course  varies  with  the  number  used.  It  would  probably  take  as  much  as  the 
cooking  at  least,  so  that  we  may  add  roughly  another  gallon  for  this  purpose.  For 
house-cleaning  generally  not  less  than  two  gallons  are  necessary,  so  that  if  the 
cleansing  of  house  and  utensils  are  taken  together  (as  is  usually  done  in  calculating) 
three  gallons  may  be  stipulated  for. 

For  the  washing  of  clothes  at  least  three  gallons  are  required  for  the  most 
ordinary  cleanliness. 

With  reference  to  personal  cleanliness  much  depends  upon  the  habits  of  the 
individual.    Assuming,  however,  that  each  person  takes  a  sponge-bath  daily,  not 
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less  than  five  gallons  should  be  allowed,  the  bath  alone  takin<.  up  about  tin-., 
gallons.  If  general  baths  are  a.  use  much  more  is  required.  A°n.an  we  ghin^  ■ 
stone  occupies  about  three  cubic  feet  of  space,  so  that  a  bath  of  10  to  12  ubfc  fel: 
of  capacity  .s  not  too  much  for  him  to  bathe  comfortably  in.  If  such  a  bat^  is  on  ; 
half  ul  It  will  take  fi^m  30  to  40  gallons.  Thus  a  general  bath  once  a  week 
would  add  not  less  than  five  gallons  to  the  daily  consumption 

It  wiU  thus  be  seen  that  the  least  amount  per  head  for  ordinary  cleanliness  is 
12  gallons  daily,  supposing  the  washing  of  clothes  to  be  done  in  "ihe  house  or 
9  gallons  if  the  washing  be  given  out;  and  those  amounts  include  neither  the 
quantity  required  for  general  baths,  nor  that  necessary  for  water-closets 

Where  a  water-carriage  system  of  sewerage  exists,  as  in  the  ordi^nary  water- 
closet,  a  siifficient  amount  of  water  is  necessary  to  keep  the  place  in  good  order 
Some  closets  require  more  water  than  others,  but  it  is  generally  estimated  Li  it  is  not 
safe  to  allow  less  than  five  gallons  per  head  for  closet  purposes.  En  many  instances, 
where  the  use  of  water-waste  preventers  is  insisted  upon,  there  is  a  restriction  upon 
the  amount;  some  of  those  articles  indeed  deliver  a  quantity  which  is  really  too 
little  for  each  time  of  use,  so  that  the  deliveiy  must  be  repeated. 
We  may  thus  tabulate  the  quantities  required  as  follows : 

Gallons  per  head 

For  domestic  purposes,  not  including  washing  clothes  or  general  baths   .  T""' 

Water-closets    *  ^ 

Amount  for  general  baths,  allowing  one  weekly  5 
Washing  clothes  

Total  about  ...  22 

This  will  be  the  amount  actually  used  in  the  house,  not  including  unavoidable 
waste,  which  may  be  put  at  about  3  gallons;  but  for  town  purposes  a  certain 
addition  has  to  be  made,  in  order  to  provide  for  the  various  things  necessary,  such 
as  flushing  of  drains,  watering  streets,  amount  required  for  animals,  &c. 

^  It  must  be  understood  that  the  above  represents  the  quantities  necessary  for 
fairly  cleanly  households,  but  that  in  many  instances  much  less  is  actually  used, 
either  in  consequence  of  difficulty  in  getting  water,  or  from  personal  apathy  and 
mdifierence.  The  inquiries  of  the  late  Dr.  Parkes,  Dr.  Hassall,  and  others  have 
shown  that,  although  among  the  poorer  and  less  cleanly  part  of  the  community 
only  from  2  to  4  gallons  are  often  used,  yet  among  fairly  cleanly  persons  from  12  to 
20  gallons  are  generally  required.  In  prisons,  where  one  general  bath  weekly  is  the 
rule,  about  1 1  gallons  are  used. 

The  quantity  for  animals  is  important  when  they  are  employed.  An  average- 
sized  horse,  in  fair  but  not  excessive  work,  will  drink  6  to  8  gallons  a  day,  and  if 
allowed  free  access  to  water,  even  more.  For  his  washing,  about  2  to  3  gallons, 
and  for  the  cleaning  of  his  stable  and  any  cart  or  vehicle  he  may  draw,  about  5  to 
8  gallons  more  may  be  allowed.  Altogether,  to  keep  him  clean  and  comfortable, 
16  gallons  should  be  provided.  Where  many  horses  are  together  less  might  do,  and 
in  the  army  the  allowance  is  8  gallons  for  cavalry  and  10  gallons  for  artillery,  the 
latter,  of  course,  including  the  washing  of  the  gun-carriages  and  limbers. 

A  cow  drinks  5  or  6  gallons,  and  a  sheep  or  pig  about  half  a  gallon  to  a  galloru 
Generally,  for  a  non-manufactiu-ing  town,  an  addition  of  about  5  gallons  has  to 
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be  n,.da  to  the  house  supply,  to  allow  for  animals  and  tl.  ^^^^^^Z^iZ 
nlreidv  refened  to.  In  manufacturing  towns  at  least  a3  much  mo  e  vouia  oe 
:  for  ticto;  and  trade  purposes,  the  amount  of  course  be,ng  dependent  on 

the  special  tmdes  carried  on.    We  tlius  have  the  quantities  as  follows 

Gallons  per  diem  per  head. 
25 

Eequisite  house  supply,  including  waste  , 

For  town  purposes   

30 

Total  in  non-manufacturing  towns  ^ 
For  trades  and  factories   

.  .      1.  .35* 

Total  m  factory  towns  

Of  course  those  amounts  are  supplemented  to  some  extent  by  rainfall,  but  as  it  is 
very  rare  that  proper  provision  is  made  for  saving  rain-water,  its  influence  is  only 
partial,  and  in  the  case  of  storm-waters  occasionally  disastrous,  by  bursting  sewers, 

flooding  basements,  &c.  _ 

The  quantities  of  water  actually  supplied  in  various  towns  sometimes  exceed 
the  above  amounts,  but  in  many  cases  they  go  below  it.    This  means  restricted 
cleanliness  and  inefficient  flushing  of  sewers,  with  all  their  consequent  evils. 
According  to  the  sixth  report  of  the  Rivers'  Pollution  Commissioners,  the  average 
London  supply  was  204  gallons  per  house,  or  about  40  per  head ;  Manchester  has 
only  21  gallons  per  head ;  Norwich,  14i ;  the  manufacturing  towns  of  Lancashire 
and  Yorkshire  from  16  to  21 ;  Glasgow,  however,  has  50,  and  Middlesborough-on 
Tees,  140.    Manchester  contemplates  a  vast  supply  in  the  future,  to  give  from  50 
to  60  gallons  per  head  to  its  own  and  the  neighbouring  population.  In  some  foreign 
cities  the  quantities  are  ample.     Karlsruhe,  in  Germany,  for  instance,  has  130 
gallons  per  head,  and  Bonn,  Hamburg,  Dresden,  and  Frankfort  have  each  50  or 
upwards.     Most  of  the  large  cities  in  America  have  also  veiy  ample  supplies. 
Where  water  is  used  for  ornamental  purposes— watering  gardens  and  parks  and  the 
like— of  course  a  very  much  increased  supply  is  required.    In  ancient  Rome,  where 
the  public  baths  were  of  such  great  extent,  it  has  been  calculated  that  from  300  to 
350  gallons  per  head  must  have  been  needed  daily.    This  question  of  baths  is  of 
the  highest  importance  to  the  health  of  the  community,  and  the  increase  of  facilities 
in  this  direction  is  a  strong  reason  for  desiring  the  most  ample  water-supply  it  is 
possible  to  obtain. 

In  dwellings  in  rural  districts  so  large  a  supply  as  is  given  in  many  towns  is  not 
always  required.  If  there  be  no  system  of  drainage,  and  if  the  closets  or  privies 
be  on  a  dry  system,  then  from  16  to  20  gallons  will  generally  suffice,  with  an 
addition  for  animals  that  may  be  employed.  Thus,  a  household  of  five  persons, 
with,  say,  one  horse,  would  require,  in  round  numbers,  about  100  gallons  a  day  ;  but 
if  there  be  water-closets  in  use,  about  120  to  130  gallons. 

*  It  is  the  opinion  of  some  who  have  carefully  studied  the  question  that  more  of  this  is  wasted  than 
is  actually  mentioned  Ln  the  text,  and  that  some  economy  might  be  effected  without  any  detriment  to 
sanitary  requirements.  In  some  places  it  has  been  found  that  from  one-half  to  two-thirds  of  the  water- 
supply  has  been  lost  by  leakage  of  the  mains,  so  that  when  the  water-supply  was  thirty  gallons  the 
actual  amount  used  in  the  houses  was  not  more  than  twenty,  and  in  some  cases  much  less.  By  intro- 
ducing proper  waste-detectors  economy  of  water  might  be  accomplished,  whilst  the  full  amount  for 
hygienic  requirements  might  still  be  given  to  the  consumer.  See  report  by  Mr.  G.  Deacon,  of 
Liverpool. 
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SOURCES  OF  WATER, 

All  the  water  on  the  earth  is  originally  rain,  the  character  of  which  is  altered 
by  the  place  in  which  it  falls,  and  the  various  media  through  which  it  passes. 
There  is  continual  evaporation  going  on  from  the  surface  of  both  land  and  sea  and 
the  water  thus  evaporated  is  ultimately  returned  to  the  earth  as  rain,  dew  mist  &c 
It  has  been  calculated  that  the  evaporation  from  the  surface  of  the  tropical  seas  is 
equal  to  100  inches  a  year— that  is,  from  every  square  inch  of  surface  100  cubic 
inches  rise  mto  the  air  as  vapour.    When  we  thus  speak  of  cubic  inches  of  water  it 
does  not  sound  a  very  large  quantity,  but  if  we  reduce  it  to  gallons  or  tons  from  a 
given  surface,  we  get  a  better  idea  of  what  it  means.    A  gallon  of  water  measures 
in  round  numbers,  277  cubic  inches,  so  that  2f  square  inches  of  a  tropical  sea  gives 
off  a  gallon  of  water  as  vapour  in  the  year.    A  square  foot  in  this  way  would  yield 
52  gallons,  a  square  yard  468,  and  an  acre  more  than  21  millions  of  gallons  When 
we  consider  that  there  are  640  acres  to  the  square  mile,  and  that  the  ocean  occupies 
many  millions  of  square  miles,  we  get  a  faint  glimpse  of  the  enormous  amount  of 
water  which  is  perpetually  rising  into  the  atmosphere  and  being  again  deposited 
In  the  British  Isles  the  average  rainfall  in  the  year  may  be  taken  at  about  30  inches 
on  each  inch  of  surface,  or  over  3,000  tons  of  water  to  the  acre.     Now  there  is  in 
the  United  Kingdom  an  average  of  only  one  person  to  2\  acres,  so  that  if  we  allowed 
every  individual  100  gallons  a  day,  there  would  be,  from  rain  alone,  enough  to 
supply  a  population  forty  times  as  great.     Of  course  there  would  always  be  a 
great  deal  of  unavoidable  waste,  but  stiU  this  shows  that,  with  proper  management, 
we  need  never  fear  any  failure  in  our  water-supply. 

Rain-water,  if  carefully  collected,  is  the  purest  natural  water  obtainable,  but  it 
invariably  contains  some  substances  taken  up  from  the  atmosphere,  such  as  atmo- 
spheric air  itself,  a  little  chloride  of  sodium  or  common  salt,  a  little  ammonia  and 
nitric  acid,  particularly  after  thunderstorms.  There  is  also  some  organic  matter 
and  some  suspended  matter,  such  as  fine  particles  of  dust,  pollen  of  flowers,  and 
many  other  things.  When  rain  is  collected  in  or  near  towns,  or  off  house-roofs  and 
the  like,  ther^  is  of  course  much  soot,  as  well  as  various  other  impurities,  and  near 
the  sea  the  salt  is  often  in  large  quantity. 

Rain-water  is  very  soft,  owing  to  the  absence  of  salts  of  lime  and  magnesia ;  it 
is,  therefore,  good  for  washing  and  cooking  purposes,  although  it  is  less  palatable 
than  other  kinds  for  drinking. 

River-water  varies  very  much  in  its  composition,  according  to  the  nature  of  the 
ground  it  flows  through.  It  always  contains  much  more  solid  matter  than  rain- 
water, and  it  is  indeed  the  action  of  rivers  in  washing  out  the  soluble  mineral 
matter  from  the  soil  that  produces  the  saltness  of  the  sea.  The  salt  is  being  con- 
tinually carried  into  the  ocean — the  water  evaporates,  but  the  salt  remains.  River- 
water  is  generally  good  and  palatable,  unless  sewage  or  other  impurities  are  allowed 
to  get  into  it. 

Spring-water  is  generally  looked  upon,  and  justly  so,  as  the  best  kind  of  water 
for  most  ordinary  purposes,  certainly  for  drinking,  although  rain-water  may  be 
better  for  washing  and  cooking  if  the  spring-water  be  hard.  Springs  are  merely 
the  outflow  of  underground  reservoirs  of  water  at  a  greater  height ;  or  they  may  be 
tte  outflow  of  lakes  or  other  elevated  sheets  of  water.    In  either  case  the  water 
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probably  happens  with  some  ---^^.^P'^-S^        ^^7^  -hich  ft  comes  is 

usually  fx-ee  from  dangerous  xmpuntxes,       ^^^^  ^^^^^^^^^^^  filters  it  to  a  great 

generally  protected  ;  or,  if  not  the  passage  ^hroygh  ^^^^^^  it  comes. 

Extent.    Of  course  its  composxtxon  varies  with  the  strata  t^-om  ^  ^.^^  ^^U,. 

Wells  are  of  different  kinds-shallow  we  Is,  deep  -^^^^'^^  either  of 

The  water  from  these  varies  greatly     A  sha  bw  f  ^  "  ^^^j,,  ^ 

sHght  depth,  not  exceeding  20  or  30  feet ;       i  W^^^^  I  c  ntaminated 

permeable  stratum.    Under  those  circumstances  xt  is  exP^sed  to  be 
with  all  the  impurities  at  or  near  the  surface  of  the  ground.    The  watei  ot 
well  is  always  looked  upon  with  great  suspicion,  more     ^2tlX^'  influence 
contaminated  river,  for  in  the  latter  case  there  is  a  ^^^'^^^^l^'^- 
c'.u^^d  bv  the  flow  of  the  stream  and  its  constant  exposure  to  the  air. 

te^'.y^k  from  50  feet  downwards,  are  generally  good  sources  of  supply,  a 
1     .  Letrate  through  one  or  more  impermeable  strata,  such  as  rock  ox 

cfay    bufrtlt  be  no=  such  stratum,  the'w.eH  to  be  safe  ought  to  be  deeper 

^'"'Artesian  wells  are  artificial  springs,  made  by  bonng  deep  into  the  g-f  ^-^f^ 
a  layer  of  water  is  struck  which  at  some  part  has  a  higher  level ;  the  water  rushes 


Fig.  373.— Theory  of  Artesian  "Wells. 
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up  to  the  surface,  or  at  least  to  the  level  of  its  highest  point 
depth  of  such  wells,  the  water  is  generally  free  from  any  dangerous  impurity.  It  is 
sometimes  hot,  however,  and  is  nearly  always  badly  aerated,  and  consequently  not 
very  palatable  until  after  some  exposure.  Fig.  373  shows  the  theory  of  an  artesian 
well ;  a,  a,  is  the  stratum  of  water  struck  at  b,  whence  the  water  rushes  up  to  the 
surface,  seeking  its  original  level. 

The  characteristic  composition  of  water  from  different  strata,  whether  it  be 
obtained  from  river,  spring,  or  well,  depends  upon  the  amount  of  soluble  material  in 
each  stratum  itself.  Thus  primitive  and  metamorphic  rocks,  such  as  graixites, 
gneiss,  trap,  &c.,  contain  very  little  soluble  matter,  and  consequently  the  water 
from  them  is  very  pure,  always  supposing  accidental  impurities  are  absent ;  that  is, 
impurities  caused  for  the  most  part  by  the  carelessness  of  man  himself.  Clay-slate 
and  clay  yield  very  little  to  water,  and  sometimes  are  useful  as  bariiers  for  keeping 
out  other  impurities.  Sands  and  gravels  yield  pure  water,  so  long  as  they  are  not 
artificially  contaminated.  All  those  waters  are  usually  comparatively  soft ;  water 
from  sandstone  strata  often  contains  a  good  deal  of  salt;  limestone  and  chalk 
strata  yield  the  hardest  water.    If  the  hardness  is  due  to  carbonate  of  lime  (or 


768 


OUR  HOMUS. 


Chalk)  It  IS  of  httle  consequence,  for  it  is  not  unwholesome,  and  it  can  be  removed 
to  a  large  extent  by  simple  boiling;  but  if  the  hardness  is  due  to  other  salts  of 
lime,  such  as  the  sulphate  (which  is  gypsum,  or  plaster  of  Paris),  then  it  is 
objectionable,  and  cannot  be  got  rid  of  by  boiling.  Magnesian  limestone,  or 
dolomite,  yields  more  or  less  magnesian  salts  to  water,  and  these  are  always  to  be 
avoided. 

Water,  particularly  surface-water,  from  alluvial  soils,  marshes,  and  cultivated 
lands,  IS  generally  more  or  less  charged  with  organic  matter,  which  is  often  of  a 
dangerous  character. 


QUALITY  OF  WATER  AKD  SOURCES  OP  POLLUTIOIf. 

Water  may  be  considered  with  reference  to  the  following  characters  •— 1  Its 
palatableness  or  otherwise;  2.  Its  hardness;  3.  Excess  or  otherwise  of  common 
salt  or  substances  that  do  not  give  hardness  ;  4.  The  amount  of  dissolved  or-anic 
matter;  5.  The  amount  of  turbidity  and  sediment;  6.  The  presence  of  metallic 
poisons. 

1.  Falatahleness  of  Water. ~Wq  are  accustomed  to  speak  of  water  as  bein- 
pleasant,  bright,  sparkling,  and  so  on;  or,  on  the  other  hand,  as  flat,  tasteless,  insipid" 
or  the  like.    It  is  a  common  notion  that  the  taste  is  due  to  the  salts  or  other  solids 
dissolved  in  water,  but  this  is  quite  an  error.     Indeed,  we  may  confidently  say  that 
when  those  substances  can  be  tasted  it  is  high  time  to  look  out  for  another  supply. 
In  some  experiments  which  I  made  a  number  of  years  ago,  I  found  that  it  required 
the  following  amounts  to  be  present  in  a  gallon  of  water  before  they  could  be 
distinctly  tasted  :— Chloride  of  sodium  (common  salt)  75  grains;  calcium  carbonate 
(chalk)  10  to  12  grains;  calcium  sulphate  (gypsum,  or  plaster  of  Paris)  25  to  30 
grains ;  magnesium  chloride,  50  to  55  grains ;  sodium  carbonate  (common  washing 
soda)  60  to  65  grains.    All  these,  except  the  chalk,  are  very  large  quantities,  much 
larger  than  are  at  all  desu-able  in  our  drinking-water.    There  is  only  one  class  of 
substances  among  solids  which  is  detectable  by  taste  in  small  quantities,  and  that  is 
the  metals,  such  as  iron,  zinc,  &c. — so  small  a  quantity  of  iron  as  -i-  of  a  grain  in  a 
gallon  giving  a  distinct  taste  to  water.    But  the  pleasant,  sparkling  taste,  associated 
with  good  water,  is  really  due  to  the  gases  contained  in  it,  particularly  atmospheric 
air  itself  and  carbonic  acid  gas,  which  last  is  the  gas  which  gives  the  effervescence 
to  aerated  waters.     The  existence  of  gases  in  water  can  be  easily  observed  when  a 
glass  vessel  of  vrater  is  allowed  to  stand  for  a  little  time,  especially  in  a  warm  jjlace. 
If  it  be  a  well-aerated  water,  bubbles  of  gas  are  soon  seen  to  collect  at  the  sides, 
whereas  a  vessel  of  distUled  or  flat  water  does  not  show  the  same  sign.  Many 
people  think  if  water  tastes  well,  it  is  enough  to  establish  its  claim  to  wholesome- 
ness.    No  doubt  the  best  waters  are  agreeable  to  drink,  and  we  may  also  admit 
that  a  well-tasted  water  has  a  greater  chance  of  being  good  and  pure  than  a  less 
palatable  one ;  but  it  is  a  dangerous  fallacy  to  suppose  that  the  test  is  one  to  be 
implicitly  relied  upon.    It  sometimes  happens,  indeed,  that  the  very  sparkling 
character  of  the  water,  which  is  its  chief  attraction,  is  due  to  the  gases  given  off"  in 
organic  putrefaction.    It  has  not  unfrequently  occurred  that  very  impure  water  has 
been  much  sought  after  on  this  account,  as  the  history  of  some  of  the  notorious 
London  pumps  could  tell.    The  following  table  from  the  report  of  the  Rivers' 
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Pollution  Commissioners  is  a  good  example  of  how  palatableness  may  co^exist  with 
impurity. 

(  1  •  Spring-water  )  y  palatable. 

Wholesome  <  2.  Deep  well-water  \ 

(  3.  Upland  surface-water  )  Moderately 
„     .  .        (4.  Stored  rain-water        )  palatable. 
Suspicious  I  5_  Surface-water  from  cultivated  land 

\  6.  Eiver- water,  to  which  sewage  gains  access  >■  PaLi table. 
Dangerous  j     ^^^^^^  well-water.  ) 

It  will  thus  'be  seen  that  the  two  most  dangerous  kinds  of  water  are  really  more 
palatable  than  one  of  the  best  kind.  We  must,  therefore,  draw  the  conclusion  that, 
although  taste  is  a  guide  to  some  extent,  it  is  by  no  means  safe  to  rely  on  it. 

2.  Hardness  of  Water. — This  quality  is  well  known  and  easily  recognised :  a  hard 
water  gives  a  rough  feeling,  or  a  sensation  of  resistance,  when  the  fingers  are 
moistened  with  it  and  rubbed ;  it  is  also  difficult  to  dissolve  soap  in  it.  On  the 
other  hand,  a  soft  water  is  smoother  to  the  touch  and  dissolves  soap  easily,  the 
difficulty  really  being  to  get  rid  of  the  soap  when  washing  in  it.  Hardness  is  caused 
by  the  presence  of  salts  of  lime  or  magnesia,  or  by  any  free  acid.  The  only  free 
acid  usually  present  is  carbonic  acid,  which  helps  to  keep  the  chalk  in  solution  that 
may  be  in  the  water.  Hardness  is  divided  into  Fixed  hardness,  and  Temporary  or 
Removable  hardness.  Fixed  hardness  is  due  to  any  salt  of  lime,  except  the 
carbonate,  generally  either  the  sulphate  or  the  chloride,  and  any  salt  of  magnesia ; 
such  hardness  cannot  be  removed  by  boiling  or  any  other  practicable  process. 
Temporary  hardness  is  due  to  the  carbonate  of  Hme  (chalk)  kept  in  solution  by  the 
free  carbonic  acid ;  such  hardness  can  be  almost  entirely  removed  by  boiling,  or  by 
getting  rid  of  the  free  carbonic  acid  in  another  way.  Boiling  drives  it  off,  and  the 
chalk  can  no  longer  remain  dissolved  ;  on  the  other  hand,  if  we  add  just  enough  of 
lime-water  to  combine  with  the  free  carbonic  acid  and  form  some  additional  chalk, 
we  achieve  the  same  end,  and  so,  by  an  apparent  paradox,  get  rid  of  a  lime-salt  by 
adding  more  lime  to  the  water.  The  eflects  of  boiling  may  be  easily  seen  when  a 
chalk  water  is  boiled,  as  it  quickly  gets  milky-looking ;  deposits,  too,  form  rapidly  in 
kettles  and  boilers,  and  sometimes  give  a  good  deal  of  trouble. 

The  disadvantages  of  hard  water  are  numerous,  as  it  is  bad  for  cooking,  for 
making  tea,  and  for  washing,  and  in  most  cases  unwholesome  for  drinking.  As 
regards  cooking,  it  is  particularly  bad  for  cooking  vegetables,  which  are  seldom  good 
when  boiled  in  hard  water.  Tea  does  not  infuse  properly  in  it,  and  to  overcome  this 
difficulty  housekeepers  frequently  put  a  pinch  of  carbonate  of  soda  in  the  pot.  This 
counteracts  the  hardness,  but  it  spoils  the  flavour  of  the  tea ;  for  it  neuti'alises  the 
acid,  upon  which  much  of  the  taste  depends,  and  it  favours  the  solution  of  the 
coarser  colouring  and  extractive  matters,  which  give  a  rough  taste  even  to  the  best 
and  most  delicate  teas.  But  it  is  especially  in  washing  that  there  is  waste  and  loss  a 
considerable  quantity  of  soap  being  expended  before  enough  dissolves  in  the  water 
for  the  purpose.  The  hardness  of  water  is  calculated  according  to  the  number  of 
grains  of  chalk  in  a  gallon ;  or,  if  the  hardness  be  due  to  other  salts  than  chalk,  it  is 
reckoned  as  equal  to  a  proportionate  amount  of  chalk.  Thus  a  water  of  ten  degrees 
of  hardness  (on  what  is  known  as  Clark's  scale)  means  that  it  would  waste  as  much 
soap  as  ten  grains  of  chalk  would  if  dissolved  in  one  gallon  of  water.  Now  every 
grain  of  chalk  (or  degree  of  hardness)  wastes  about  eight  grains  of  soap,  a  small 
63 


770 


OUR  HOMES. 


amount  taken  by  itself,  but  if  it  be  multiplied  by  hundreds  of  thousands  it  soon 
mounts  up  to  an  appreciable  quantity.  We  saw  before  that  the  average  minimum 
for  clothes-washing  per  head  was  three  gallons  daily,  and  if  to  this  weldd  as  much 
more,  to  represent  personal  washing  and  any  other  cleansing  requiring  the  use  of 
soap,  we  have  thus  six  gallons  per  head  per  diem.  Suppose  the  water  to  be  of  ten 
degrees  of  hardness;  this  would  waste  80  grains  of  soap  per  gallon,  or  480  for  the 
six  gallons.  This  in  one  year  would  represent  25  lb.  of  soap,  or  for  each  household 
of  five  persons  125  lb.  of  soap  simply  wasted  in  each  year.  But  the  amount 
of  hardness  supposed  is  by  no  means  the  extreme,  for  I  have  analysed  waters 
in  actual  use  with  at  least  six  times  that  amount;  in  such  a  case  the  waste  for  each 
household  would  reach  750  lb.,  or  one-third  of  a  ton,  in  every  year.  The  disadvan- 
tage of  hard  water,  in  this  respect  at  least,  must  be  very  evident.  The  saving  in 
the  City  of  Glasgow  alone,  resulting  from  the  use  of  the  soft  Loch  Katrine  water 
instead  of  the  previous  harder  supply,  was  estimated  at  £36,000  per  annum. 

The  effect  of  hardness  upon  health  has  been  disputed,  some  insisting  that  a  certain 
amount  of  lime  and  magnesia  salts  in  drinking-water  is  good  for  the  nutrition  of  the 
body ;  others  holding  an  opposite  view.  It  is  possible  that  some  of  those  salts  may 
be  utilised  in  that  way,  but  it  is  much  more  probable  that  they  are  supplied  through 
the  food.  That  they  are  necessary  is  unquestionable,  but  the  moot  point  is  the 
desirability  of  the  drinking-water  being  the  medium  through  which  they  should  be 
given.  There  is,  on  the  other  hand,  evidence  that  hard  waters  produce  dyspepsia, 
and  that  if  there  is  much  magnesia  diarrhoea  may  be  produced.  This  also  occurs 
with  the  waters  containing  gypsum,  and  was  one  reason  why  the  Paris  water  use.l 
to  affect  strangers  so  often.  This  is  not  so  much  the  case  now,  as  the  supply  has 
been  to  a  large  extent  changed  and  much  improved.  Hard  water  has  also  been 
believed  to  produce  gravel  and  stone  in  the  bladder.  Swellings  of  the  glands 
(or  kernels)  have  been  traced  to  it,  especially  if  the  hardness  be  largely  due  to 
magnesia.  Thus,  goitre  is  met  with  in  countries  where  magnesian  limestone  abounds, 
and  it  is  said  that  in  some  parts  of  France  conscripts  have  succeeded  ia  producing 
a  temporary  swelling  of  the  glands  of  the  neck  by  drinking  hard  water,  in  order  to 
escape  military  service.  The  effect  is  sometimes  produced  in  eight  or  ten  days.  In 
the  gaol  at  Durham  swellings  of  the  neck  appeared  when  a  certain  water,  very  hard, 
was  used ;  they  disappeared  on  a  purer  and  softer  water  being  issued.  Hard  water 
is  particularly  undesirable  for  young  children  and  invalids. 

Taking  advantage  of  the  fact  that  the  greater  part  of  the  hardness  due  to  chalk 
is  removable,  by  the  addition  of  a  proper  proportion  of  lime,  an  ingenious  method 
was  patented  by  the  late  Dr.  Clark,  and  since  improved  by  others,  by  which  the 
waters  from  chalk  and  limestone  districts  can  be  greatly  softened.  This  plan  (the 
addition  of  lime-water  as  before  mentioned)  is  now  employed  on  a  large  scale  by 
several  water  companies,  and  it  is  well  worthy  of  general  adoption.  The  process  is> 
however,  applicable  only  to  carbonate  of  lime,  or  chalk  hardness. 

3.  Excess  of  Common  and  Other  Salts  that  do  not  give  Hardness. — The  salts  which 
do  not  give  hardness  to  water  are  sodium  chloride  (or  common  salt),  potassium 
chloride,  ammonium  chloride  (sal  ammoniac),  sodium  and  potassium  carbonates,  and 
sometimes  a  little  nitre.  Of  these  the  common  salt  and  the  sodium  carbonate 
(common  soda)  are  much  the  most  common ;  indeed  common  salt  is  found  in  all 
water  whatsoever,  except  distilled  water.    When  it  is  in  great  excess,  sufficient  to 
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be  tasted,  the  water  is  said  to  be  brackish,  and  this  may  arise  either  from  mixtui-e 
with  sea-water,  or  from  saline  strata.  It  is  almost  invariably  associated,  under  those 
circumstances,  with  hard  salts,  which  are  in  themselves  objectionable.  ^  Brackish 
water  ought  not  to  be  used,  although  people  not  only  use  it  but  get  to  like  it.  In 
some  of  the  South  Sea  Islands  the  natives  are  even  said  to  drink  sea-water,  and  the 
ancient  Romans  are  said  to  have  sometimes  mixed  their  wine  with  sea-water.  This 
may,  however,  have  been  with  a  medicinal  intention,  as  we  take  mineral  waters  in 
the  present  day.  Brackish  waters  are  dangerous  for  young  children  and  invalids, 
especially  when  there  is  any  disorder  of  the  bowels,  as  they  both  produce  and 
aggravate  diarrhoea.  Of  the  importance  of  chlorides  with  reference  to  sewage  we 
shall  speak  farther  on. 

Water  containing  a  good  deal  of  carbonate  of  soda  is  sometimes  met  with; 
it  is  slightly  alkaline  and  consequently  soft,  and  it  is  not  likely  to  be  injurious. 

4.  Organic  Matter  in  Water. — This  is  a  much  more  important  question  than 
those  we  have  just  considered,  because  the  effects  of  organic  matter  under 
certain  circumstances  are  most  serious,  not  infrequently  leading  to  disastrous  out- 
breaks of  disease.  It  is  not,  however,  every  kind  of  organic  matter  that  has  this 
effect.  The  organic  impurities  of  water  may  be  divided  into  vegetable  and  animal, 
and  perhaps  also  into  organised  and  non-organised.  An  organised  substance  is  one 
that  has  a  definite  structure  and  life  of  its  own,  often  capable  of  reproducing  its 
species  in  favourable  conditions.  It  is  still  a  doubtful  point  whether  such  substances 
can  really  exist  in  solution,  or  are  only  present  as  suspended  matter  or  sediment. 
The  division  into  vegetable  and  animal  is,  however,  simple  enough.  Vegetable 
matter  is  probably  present  to  a  greater  or  less  extent  in  all  waters  of  a  natural  kind ; 


it  is  hurtful  in  some  cases  where  the  matter  comes  from  plants  of  an  acrid  kind,  but 
this,  although  not  uncommon  in  hot  countries,  is  rare  in  our  land.  When  the 
matter  is  from  marshes,  however,  it  is  often  distinctly  hurtful.  But  in  many  cases 
the  water  is  from  peat  or  moorland,  and  then  the  vegetable  matter  is  for  the  most 
part  harmless.    A  large  part  of  the  water-supply  of  Ireland  is  from  this  source. 
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Aiiimal  matter,  on  the  other  hand,  is  almost  invariablv  hnw-ft,l  ^ 
are  nnable  to  trace  positive  specific  disease  to  its  in W^^^^^^^^^ 
common  source  of  such  impurity  is  sewage,  which  may  get  into  water  in  vol 
ways,  by  soakage  from  cesspools  or  leakin-.  drains  JttL      °      n    u  ' 
poured  into  streams  and  other  sources  of  waVsupl^^^^^^^^^  ^'Z^^' 
the   dwelling  itself,  through  closets,  sinks,  and  The  ^Tke  '  K^^lsT^^ 
xustance_(clrawn  from  an  actual  case)  of  how  a  leaking  drain  may  contaniLrf 
wel  :  «  IS  the  dram,  winch  has  broken  at  c  .•  5  5  is  the  p'ipe  leading^romThe  well 
to  the  house-pump  ;  the  direction  of  the  arrows  shows  the  course  taken  bv  tht 

Ihose  points  will  be  referred  to  more  m  detail  farther  on.  Another  but  less 
common,  origin  of  organic  matter  is  when  bodies  or  portions  of  bodie  ^f  human 
berngs  or  anima  s  get  nito  the  supply.  Rats,  mice,  birds,  to.,  not  infrequ  ntiyTt 
drowned  in  wells,  tanks,  and  cistems;  and  even  larger  animals,  such  as  do^s 
cats,  pigs,  steep  &c  .  and  occasionally  human  beings  find  their  wLy  in.  It  may' 
also  happen  that  the  drainage  of  graveyards,  slaughter-houses,  cfec,  may  find  accesT 
All  these  conditions  are  very  dangerous,  and  ought  to  be  guarded  agaist  as  much 
as  possible.  o  o      "  muuu 

5.  ^A«^mc>mz^o/5^z.r&irfiiya«ci!^ec?imm«.-Waterisoften  turbid,  andsometime. 
extremely  so  particularly  after  heavy  rains.     If  the  suspended  matter  is  merely 
mineral,  such  as  fine  particles  of  sand,  clay,  &c.,  it  is  of  comparatively  little 
consequence,  as  it  soon  clears  itself,  and  the  water  may  be  good  after  that.    But  in 
many,  nay,  m  most  instances  there  is  a  large  amount  of  organic  matter  of  different 
kmds  present,  including  many  Hving  organisms.    The  water  may  or  may  not  be 
good  then,  according  to  the  nature  of  the  objects  present.    Mere  vegetable  matter  is 
generally  harmless,  although  it  may  sometimes  exist  to  an  extent  sufficient  to  kill  fish 
This  happened  recently  in  a  stream  in  Ireland,  from  a  sudden  discharge  of  peaty 
matter,  from  the  bursting  of  a  bog;  but  in  such  a  case  it  is  probably  a  case  of 
suffocation,  caused  by  the  vegetable  matter  adhering  to  the  gUls  and  preventing 
respiration.    But  where  we  have  to  do  with  animal  substances  we  find  the  dangers 
greatly  increased,  especially  when  they  are  particles  from  the  skin  and  bowels  thrown 
off  during  disease.    It  is  not  unusual  to  find  portions  of  partially-digested  food, 
such  as  muscular  (or  flesh)  fibre,  along  with  starch-cells  and  epithelium,  or  the 
peculiar  cells  that  cover  the  mucous  membrane  of  the  mouth,  gullet,  bowels,  &c. 
The  epithelium  of  the  skin,  a  very  indestructible  substance,  is  also  frequently  found. 
On  the  whole  there  is  a  growing  belief  that  the  suspended  matter  in  water  is  really 
the  most  dangerous,  and  that  one  of  the  first  requirements  for  a  good  water  is 
clearness  and  freedom  from  marked  colour.    Another  source  of  turbidity  arises 
from  the  drainage  of  manufactories,  but  this  is  now  to  a  large  extent  prevented  by 
recent  legislation.    A  good  deal  of  importance  has  been  attached  to  the  presence  ot 
living  organisms  in  water,  and  it  has  sometimes  been  thought  that  it  indicated  that 
the  water  was  not  fit  for  use.     There  is,  however,  but  little  evidence  in  this 
direction;  indeed,  it  is  generally  found  that  in  dangerously  impure  waters  the  higher 
forms  of  life,  such  as  the  water-fleas,  worms,  (fee,  will  not  live,  and  consequently 
they  are  either  absent  or  only  their  remains  are  found.    Although  some  of  the 
microscopic  forms  are  found  under  suspicious  conditions,  we  are  still  much  in  the 
dark  on  the  subject.    Remembering,  however,  the  lesson  taught  by  an  aquarium, 
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ilZtkZ  at  all,  and  it  cght  to  be  deUvered  sufficiently  altered  to  be  free  from 


w 

them. 


With  reference  to  the  colour,  apart  from  turbidity,  it  maybe  mentioned  that  the 
best  waters,  looked  at  through  a  depth  of  two  or  three  feet,  are  colourless,  or  at 
most  slightly  bluish  in  tint;  water  containing  vegetable  matter  is  generaUy  greenish, 
except  ki  the  case  of  peaty  matter,  when  it  may  be  yeUow,  going  into  brown. 
Water  containing  animal  matter  is  generally  yellow;  but  yellowness  may  be  due 
as  we  have  seen,  to  peat ;  or  it  may  also  be  due  to  a  little  iron.  Colourless  or  blmsh 
waters  are,  therefore,  the  best ;  yellow  the  worst,  unless  we  can  trace  the  colour  to 
iron  or  peat;  greenish  are  for  the  most  part  harmless,  although  they  may  sometimes 
be  objectionable. 

6  The  question  of  Metallic  Poisons  will  be  considered  farther  on. 

There  is  hardly  any  method  of  determining  the  presence  or  absence  of 
impurities,  except  by  the  microscope  and  by  quantitative  chemical  analysis,  both  ot 
which  are  beyond  the  scope  of  ordinary  persons.  The  presence  of  chlorine  m  any 
marked  quantity  is,  however,  always  a  ground  of  suspicion,  unless  it  can  be  traced 
to  salt  from  the  sea  or  from  saline  strata.  This  may  be  detected  by  adding  a  few 
drops  of  solution  of  nitrate  of  silver  (lunar  caustic)  made  acid  with  a  little  dilute 
nitric  acid.  If  only  a  little  chlorine  be  present,  a  slight  bluish  haze  will  be  formed ; 
but  if  there  be  much  it  wiU  become  dense,  going  on  to  a  curdy  white  precipitate, 
which  is  soon  discoloured  by  the  Ught.  Another  plan  may  roughly  detect  organic 
matter.  Ji  a  little  Condy's  fluid  is  put  into  water,  the  water  ought  to  remain  pmk 
for  some  time,  but  if  the  colour  rapidly  disappears  it  indicates  an  excess  of  organic 
matter.  Both  these  tests  are,  however,  very  rough,  and  not  much  to  be  depended 
upon,  except  in  the  hands  of  a  practised  chemist.  The  best  way  of  estimating  for 
the  general  public  is  to  attend  to  the  physical  character  of  the  water,  embracing 
the  following  chief  points  : — 

1.  The  water  must  be  clear,  and  entirely  free  from  sediment  or  suspended 

matter. 

2.  It  should  be  colourless  or  bluish,  if  looked  at  through  a  depth  of  two  or 
three  feet.  Greenish  waters  are  not  generaUy  hurtful;  yellowish  or  brownish 
waters  are  to  be  looked  upon  with  suspicion,  unless  the  colour  is  known  to  depend 
on  peat  or  iron. 

3.  The  water  should  be  bright  and  sparkling,  showing  that  it  is  well  charged 
with  air  and  carbonic  acid. 

4.  It  should  have  the  pleasant,  sparkling  taste  of  good  water,  but  no  brackish 
or  any  other  unpleasant  or  peculiar  taste. 

5.  There  should  be  no  smell,  other  than  the  peculiar,  indescribable  (ozonic  1) 
rimell  which  fresh  spring- water  yields. 

6.  The  water  ought  to  be  soft  to  the  touch,  and  to  dissolve  soap  easily. 

.   Although  it  is  impossible  to  guarantee  that  such  a  water  shall  be  absolutely  free 
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ironi  danger,  yet  we  may  go  so  far  as  to  say  that  no  water  can      «  fir.«t  .1 

where  those  qualities  are  absent ;  and  aiso,';hat,  if  they  be  present  t^e  c  W  " 

very  greatly  in  favour  of  the  water  being  a  gook  and  wUs'ome  oL 


EFFECTS  OP  IMPUEE  WATER  UPON  HEALTH 

frequently  the  same  for  aU,  and  that  being  the  one  thing  common  to  all  it  i. 
Ta:  W?o  :  r'^'^^  -tanrinl^es^^^t^^^^^ 

pointed  out  that  there  may  be,  and  doubtless  are,  effects  of  a  more  iadual  and 

and  that,  therefore,  the  argument  that  the  water  has  not  yet  done  an^ 
harm  xs  a  very  lame  excuse  for  its  continued  use.  It  took  a  Jg  time  bef'e 
It  was  understood  that  a  continual  breathing  of  foul  air  was  one  of  the  ml 
causes  of  consumption,  yet  even  now  it  is  difficult  to  make  people  understand  the 
slil  doubtless  be  found  that  the  continued  taking  of 

ZtLZ  5/°^P"^-^*^  ^  -^*e-  f"--h  the  explanation  of  much 

unhealthiness  that  at  present  puzzles  both  physician  and  patient.  It  is,  however, 
begmnmg  to  be  admitted  that,  even  where  nothing  positive  can  be  proved  in  thi^ 
matter,_  It  IS  a  bad  preparation  for  withstanding  the  attacks  of  disease  to  drink 
contaminated  water.  When  disease-poison  does  get  access  to  the  water,  it  is 
apparently  more  than  ordinarily  virulent,  and  acts  upon  the  consumers  of  the  water 
with  greater  rapidity  and  certainty.  Our  aim  ought  to  be  to  get  the  purest  possible 
water  at  all  times  and  under  all  circumstances,  and  not  to  trust  to  chance  to  save 
us  trom  the  effects  of  our  own  neglect. 

Let  us  now  consider  some  of  the  chief  diseases  likely  to  be  induced  by  the 
medium  of  impure  water.  These  are,  diarrhoea  and  dysenteiy,  typhoid  (or  enteric) 
fever,  cholera,  and  ague;  also  dyspepsia  and  some  other  affections;  parasites  of 
different  kinds ;  metallic  poisoning.  There  may  be  others,  but  with  respect  to 
them  the  evidence  is  at  present  either  imperfect  or  altogether  wanting. 

DiarrhoBa.— This  disease  is  a  very  common  one,  and  very  fatal  to  both  children 
and  old  people.  It  is  most  frequent  in  summer  and  autumn,  and  has  been 
attributed  to  indulgence  in  unripe  fruit,  &c.  Ifo  doubt  there  is  more  than  one 
cause  of  it,  but  water  plays  no  inconsiderable  part  among  them.  The  disease  may 
be  induced  both  by  animal  and  vegetable  organic  matter,  and  by  mineral  matter  as 
well.  Sometimes  it  is  produced  mechanically,  as  has  been  seen  when  irritating 
suspended  matter  has  been  present  in  the  water.  In  the  hiUs  of  India,  for  instance, 
the  so-caUed  hill-diarrhcea  has  been  found  to  be  caused,  in  some  cases  at  least, 
by  minute  scales  of  mica  floating  in  the  water.  At  other  times  it  may  be  produced 
by  the  dissolved  mineral  salts,  especially  salts  of  magnesia,  which  are  purgative  in 
very  small  quantity. 

In  some  rivers,  such  as  the  Maas  in  Holland,  the  Mississippi  and  the  Missouri 
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communicated™ugi^^ 

^  A^eHca,  and  the  Ganges  in  India,  a  ^^f^^^^,^^^^^^^  to 
brought  do^vn  by  floods  at  certain  times  of  the  y;^^'  ^^^^^^^^^  are  apt  to 

produce  diarrhea.    Hard  and  W^^^^^^^  ^^^T  gypsuL  in  Lm. 

produce  diarrhcBa,  especially  when  ^h^re  is  m  ^  harmless,  may 

Vegetable  matter,  though  generally  ^.^'^'l^^Jl ^^^^^^^^  at  the  Leek 

produce  diarrhoea.  A  case  m  point  is  noticed  by  ^"^^^''f^^^^  sewage, 
workhouse.  The  most  common  cause,  however,  is  J^^/^f  ^/^h  was 
At  a  school  in  the  f^^^^^  Se^  aid  X  leaking 

~1  cases  under  my  own  ohservaW 

At  the  bak-acks  atVingsale  an  outbreak  of  ^ia-l^oea  -as  ^^^^^^^^^^^ 
condition  of  the  well-water;  on  the  well  ^^^^S  ole^ned  o^t  t^^^^^ 
In  some  cases  the  water  in  cisterns  gets  contammated  by  the  -^J^^^  ^^^^^^ 
or  privy  rising  up  through  the  water  or  discharge  pipe.    A  case  of  this  sort 
happened  in  aVbHo  institution  in  Southampton,  causing  ^^^^^^^^^^^^^^^^^  . 

the  cause  was  detected.  Dr.  Greenliow  cites  a  similar  case  in  Mr  Simons  second 
repor  Diarrhea  has  also  been  caused  by  the  bodies  of  rats,  bn^ds,  cats,  &c., 
aettincr  into  wells  and  cisterns  and  putrefying  there.      .    ^    ^     ,  ,  , 

D;sentery,  which  used  to  be  so  common  and  fatal  in  England,  has  long  ceased 
to  be  so,  but  t  makes  its  appearance  from  time  to  time,  and  it  is  well  to  know  that 
the  disease  is  capable  of  being  excited  and  aggravated  by  the  use  of  -P-e  wa  - 
THs  has  been  often  noticed  among  troops  in  foreign  stations  and  in  the  field, 
although  its  occurrence  at  home  is  now  rare.  „  ,  „      .   „        .  .  „ 

Typhoid  Fever,  or  as  it  is  now  very  frequently  called,  Enteric  Fever,  is  one  of  the 
most  fatal  diseases  that  we  have  to  deal  with  in  this  country     Its  ravages  are  not 
80  startling  as  those  of  cholera  or  plague,  but  the  death-rate  from  it  is  constant  and 
amounts  to  far  more  than  that  of  those  other  more  startling  diseases^    The  deaths  m 
the  year  reach  from  twelve  to  fifteen  thousand  in  England  and  Wales  alone  :  this 
averages  about  120,000  persons  attacked,  who  are  disabled  for  at  least  a  month  or 
five  w°eeks,  and  left  debilitated  and  damaged  for  a  much  longer  time.    There  is  not 
only  much  danger  to  life,  but  also  a  great  amount  of  loss  of  valuable  time,  which  m 
too  many  cases  means  want  and  misery  to  those  dependent  upon  the  victims.  It 
would  answer  no  good  purpose  to  go  in  any  detaU  into  the  vexed  question  of  the  cause 
of  the  disease ;  it  is  sufficient  to  say  that  the  majority  of  inquirers  recognise  the 
probable  existence  of  a  special  poison,  and  that  this  poison  is  chiefly  found  in  the 
bowel  evacuations  of  the  afi'ected  person;  that  this  poison  may  be  propagated 
in  more  ways  than  one,  but  that  the  two  most  frequent  are  through  air  and 
through  water— in  the  one  instance  by  sewer  or  cesspool  air  being  breathed,  and  in 
the  other  by  water  contaminated  with  infected  sewage  being  swallowed.  Both 
ways  are  only  too  common,  but  probably  the  more  generally  severe  and  fatal  is 
through  water,  as  the  sufferer  in  this  way  gets  a  more  concentrated  dose  of  the  poison. 
Water  contaminated  with  ordinary  sewage  may  give  diarrhoea,  but  will  not  give 
typhoid  fever.    Of  course  it  is  difficult  to  be  certain  in  each  case  that  a  typhoid 
stool  has  never  passed  into  the  polluting  sewage,  but  we  have  cases  of  this  sort  : 
in  some  places  water  has  been  used  for  years  without  producing  typhoid  fever 
although  known  to  be  contaminated  with  sewage,  but  soon  after  the  introduction  of 
a  case  from  without  the  disease  has  spread  with  rapidity.     A  remarkable  instance 
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of  this  sort  took  place  at  Nunney  (reported  by  Dr.  Ballard),  where  polluted 
had  been  in  use  for  years  without  fever;  but  after  a  case  had  come  into  ^^^^^^^^ 
seventy-six  persons  out  of  832  were  atfapl-P^  i    ^  Aallage 

who  dLk  ^f  the  water  of  LTt::ari:t  ;Sch1^^^^^^^^^  ''^^ 
In  the  school  in  Hants,  before  cited,  diarrhea  octrred  ^u^^LToS 
sewage  getting  into  the  well ;  but  after  a  case  of  tvv^nTfT 
outsid,  the  d.ease  spread  rapidly  and  fatally  ILolgSleW  T  tWHW 
of  Terhng  m  Essex,  a  very  severe  outbreak  of  fever  was  traced  to  the  contamilatil 
of  the  wells ;  the  connection  between  the  cesspools  and  the  wells  beinrbv  C 
carbolic  acid  poured  down  the  privies,  soon  perceived  in  thrwell  'tL 
influence  of  foul  water  has  been  shown  very  weU  in  the  history  of  Millbank  prison 
m  which  the  disease  was  common  up  to  1854.    Up  to  that  time  2  watt  suppt 

wen  in  ira  aigar  Square  was  sunk,  and  the  water-supply  taken  from  it  From 
tha  time  till  the  present  no  case  of  typhoid  fever  has  occurred  withi^the  prkon 
wa  Is  that  has  not  been  imported  from  without.    Mr.  Simon  has  carefully  Lvn  up 

flTo  f  \  -^-^      l^as  sWn  that 

foul  air  or  foul  water  has  been  present  along  with  all  of  them.  In  a  case  in  whil 
I  analysed  the  water  the  disease  was  apparently  traceable  to  the  contamination  of 
the  supply  through  the  overflow-pipe  of  the  cistern,  which  passed  directly  tto 


A  very  remarkab  e  case  was  investigated  a  few  years  ago  by  Dr.  Thorne  Thome 
at  Caterham  and  RedhiU,  Surrey.    The  Caterham  Water  Company  found  that  they 
were  unable  to  supply  their  whole  district  with  their  existing  arrangements,  and  in 
the  more  remote  part  of  the  district  they  Avere  obliged  to  get  part  of  their  supply  from 
a  neighbouring  company.    In  the  meantime  they  determined  to  enlarge  their  sources 
of  supply  by  digging  additional  wells,  and  cutting  and  enlarging  the  adits  from  one 
to  the  other.    Careful  arrangements  were  made  to  prevent  contamination  of  the  water 
during  the  work,  and  the  men  were  instructed  always  to  ease  themselves  before  de- 
scending into  the  works:  should  any  man,  however,  find  it  necessary  to  do  so  whilst 
in  the  works,  he  was  instructed  to  make  use  of  one  of  the  buckets  in  which  the  rubbish 
was  carried  to  the  surface.    One  of  the  workmen,  newly  taken  on,  was  suffering,  un- 
known to  himself,  from  a  mild  attack  of  typhoid  fever,  accompanied  with  diarSoea; 
and  he  confessed  that  he  was  obliged  not  only  to  have  resort  to  the  buckets,  but  even 
to  make  use  of  the  adit  itself  on  emergency.    About  twelve  or  fourteen  days  after  he 
began  to  work,  typhoid  fever  began  to  show  itself  among  the  consumers  of  the 
water;  the  disease  spread  rapidly,  and  about  350  cases  with  several  deaths  took 
place.    When  Dr.  Thorne  Thorne  investigated  the  cii-cum  stances,  one  remarkable  fact 
became  evident— viz.,  that  the  disease  was  almost  entirely  confined  to  that  part  of 
the  district  supplied  with  the  company's  water  pure  and  simple,  whilst  the  out- 
lying part,  which  was  only  partially  supplied  from  the  company's  wells,  but  whose 
chief  supply  was  from  those  of  the  neighbouring  company,  remained  nearly  free  from 
the  disease.    This  fact,  joined  with  the  other  that  the  disease  broke  out  just  about  ' 
the  usual  time  after  the  workman  must  have  been  the  cause  of  contaminating  the 
well,  pointed  clearly  to  the  Caterham  company's  water  as  the  medium  of  contagion. 
Another  corroborating  fact  was  that  at  the  Lunatic  Asylum,  where  the  water-supply 
was  from  a  deep  well  on  their  own  premises,  the  inmates  remained  free  from  the 
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disease,  and  at  the  barracks  the  Guards,  who  also  drank  the  water  of  the  -^jl^-  -^1' 
did  not  suffer.  The  latter  was  a  pure  water,  as  I  had  an  oppor  unity  o  anal^smg 
it  myself.  The  remedial  measures  adopted  were  to  stop  the  supply  of  water  at  once 
to  pump  the  wells  dry  several  times,  to  scrape  the  sides  of  the  wells  and  the  adits  and 
wash  them  with  chloride  of  lime,  and  to  throw  large  quantities  of  Condy  s  fluid  into  _ 
the  water.  From  that  time  the  disease  entirely  ceased.  No  more  marked  proot 
could  be  given  of  the  transmission  of  the  disease  through  water. 

At  Cowbridge  in  Wales  a  remarkable  outbreak  took  place  some  years  ago.  Out 
of  90  to  100  persons  who  attended  a  race  ball  at  the  principal  inn  there,  more  than 
one-third  were  shortly  laid  up  with  fever.  "  In  this  case,"  says  the  late  Dr.  Budd, 
"  there  was  satisfactory  reason  to  think  the  water  contaminated,  though  there  was 
no  chemical  examination." 

Another  very  interesting  case  was  that  which  took  place  at  Bangor  in  the 
summer  of  1882,  and  which  was  reported  upon  by  Dr.  F.  W.  Barry  in  September 
of  that  year.  In  that  case  the  water-supply  was  taken  from  a  source  exposed  to 
contamination,  and  was  very  imperfectly  filtered,  if  filtered  at  alL  A  case  of 
typhoid  fever  occurred  at  a  point  from  which  sewage  contamination  could  reach  the 
river,  just  about  the  intake  of  the  supply.  Two  other  mild  cases  succeeded  it,  and 
from  that  time  a  few  dropping  cases  occurred,  in  the  area  of  the  supply.  On  the 
evening  of  the  29th  of  June  the  mains  and  reservoirs  were  suddenly  flushed :  this 
caused  a  great  deal  of  disturbance,  and  led  to  the  bursting  of  a  9-inch  main.  From 
that  time  the  disease  increased  in  virulence,  and  was  no  doubt  due  to  water  being 
passed  directly  into  the  pipes  without  filtration,  to  make  up  for  the  deficiency 
caused  by  the  burst  main  ;  548  cases  and  42  deaths  are  recorded  in  this  outbreak 
out  of  a  population  little  over  8,000. 

Another  way  in  which  water  acts  as  a  carrier  of  typhoid  poison  is  through  milk ; 
in  most  cases  from  milk  being  adulterated  with  it,  although  it  may  be  (doubtfully)  from 
the  mere  washing  of  the  cans  with  impure  water.  Attention  was  first  called  to  this 
only  a  few  years  ago  (Islington,  1870 ;  Marylebone  Epidemic,  1873),  but  up  to 
1881  no  less  than  3,500  cases  of  typhoid  fever  had  been  traced  to  this  source. 
There  were  also  800  cases  of  scarlet  fever,  and  500  of  diphtheria,  traceable  to  milk  ; 
although  the  actual  connection  of  those  diseases  with  water  in  those  instances  is 
not  so  clearly  made  out.  These  are  given  in  considerable  detail  by  Mr.  Ernest 
Hart  in  the  fourth  volume  of  the  Transactions  of  the  Medical  Congress  of  London, 
1881.  The  importance  of  this  part  of  the  question  can  hardly  be  over-estimated, 
when  we  consider  that  milk  enters  so  largely  into  the  diet  of  children,  and  that 
children  are  specially  those  members  of  the  community  who  are  most  susceptible  to 
typhoid  fever.  It  is  essentially  a  disease  of  the  young,  and  comparatively  rarely 
attacks  people  after  middle  age.  Fortunately  the  precaution  of  boiling  the  milk  is 
generally  successful  as  a  preventive ;  but  the  grave  risk  incurred  by  the  addition 
of  impure  water  to  milk  is  such,  that  the  practice  of  dilution  ought  to  be  repressed 
as  far  as  possible  by  the  infliction  of  very  severe  penalties.  At  present  the  punish- 
ment is  too  often  merely  nominal. 

Cholera. — This  disease  has  its  home  in  Asia,  in  the  delta  of  the  Ganges.  In 
that  district  it  is  endemic — that  is  to  say,  cases  occur  every  year  in  greater  or  less 
number.  In  other  parts  of  the  world  (even  in  other  parts  of  India  itself)  it  is  only 
an  occasional  visitor,  but  no  place  is  safe  from  its  ravages,  as  it  does  not  seem  to  be 
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limited  in  its  spread  in  any  great  degree  by  either  climate  or  geographical  position 
Its_  follows  the  track  of  human  intercourse  with  inf ect'ed  "countri:  ,  ^d  it  ^ 
recognised  that  the  disease  n. ay  be  communicated  in  n.ore  than  one  waylnamely 
through  axr,  through  dnnkmg-water,  through  food,  through  clothing,  &c     We  ar^ 
not  m  possession  of  sufficient  evidence  to  say  which  is  the  most  common,  but  there  s 
enough  of  evidence  to  show  that  water  plays  a  very  important  part.    In  the  fir 
^ace  m  its  own  home  m  India,  it  has  been  found  that  'the  disease  has  diltished 
with  the  supply  of  pure  water,  particularly  in  Calcutta.   In  that  city  the  only  water 
for  drinking  used  to  be  obtained  from  open  tanks,  which  were  much  exposed 
to  pollution,  and  the  seafaring  population  in  the  Hooghly  river  drank  the  rivei- 
water,  into  which  not  only  was  sewage  thrown,  but  also,  the  bodies  of  the  dead 
Some  years  ago  an  improved  water-supply  was  obtained,  and  this  was  succeeded  bv 
a  great  diminution  of  cholera  among  all  classes.    In  particular  the  European  popula^ 
tion  have  been  singularly  free  from  it,  whole  years  passing  (1874-79-80)  without 
a  single  death  among  them  from  that  disease,  a  state  of  things  before  unknown  In 
Europe  a  similar  course  of  events  has  been  observable.    In  Eussia  the  occurrence  of 
cholera  m  the  dead  of  winter  has  been  explained  by  the  practice  of  using  melted 
snow,  on  which  all  house  slops  and  excreta  are  thrown,  for  drinking  and  cooking 
purposes.  In  Silesia  certain  towns  have  never  suffered  from  cholera,  the  one  commoS 
condition  being  that  the  water-supply  is  from  a  distance,  and  camiot  be  contaminated. 
Dantzig  and  Konigsberg  used  to  suffer  equally :  Dantzig  obtained  a  i^sw  and  pure 
water-supply,  and  ceased  to  suffer;  Konigsberg  continued  with  the  old  supply  and 
continued  to  suffer.    In  Holland,  water  is  obtained  from  different  sources  -  from 
the  polders  or  reclaimed  lands,  from  wells,  from  rivers,  and  collected  rain-water. 
It  was  observed  in  the  last  great  epidemic  that  those  who  drank  the  polders  water 
died  of  cholera  at  the  rate  of  17-7  per  1,000,  those  who  used  wells  at  16-8,  those 
who  used  river-water  11-9,  and  those  who  drank  rain-water  only  5-3  ;  Amsterdam 
(which  has  had  a  pure  supply  ever  since  the  time  of  the  first  Napoleon)  only  lost  4  per 
1,000.  The  supply  of  pure  water  in  Rotterdam  and  Utrecht  brought  down  the  death- 
rate  from  cholera  immediately,  and  the  disease  soon  disappeared.  In  England  atten- 
tion was  first  specially  called  to  this  point  by  the  late  Dr.  Snow,  in  the  well-known 
case  of  the  Broad  Street  pump,  the  water  of  which  was  sought  after  on  account  of  its 
sparkling  qualities.    All  those  who  drank  of  this  pump  suffered  from  cholera,  and 
some  of  the  cases  were  particularly  instructive.    For  instance,  at  Hampstead,  a 
northern  suburb  of  London,  the  only  deaths  from  cholera  were  those  of  two  ladies ; 
and  on  investigation  it  was  found  that  they  had  the  water  from  Broad  Street  pump 
regularly  brought  to  them  by  carrier  from  London,  because  they  considered  it  so 
pleasant  to  drink.    Dr.  Snow  proposed  to  take  the  handle  off  the  pump  as  a 
preventive.    It  was  some  time  before  he  could  prevail  on  tlie  vestry  to  do  this,  but 
when  done  it  was  effectual.    A  similar  case  is  recorded  in  America — that  of  the  Yan 
Brunt  Street  pump  in  Brooklyn.    Millbank  prison,  to  which  reference  has  alreadj- 
been  made,  is  another  case  in  point ;  it  suffered  from  invasion  of  cholera  up  to  the 
time  that  the  Thames  water  ceased  to  be  used  in  1854 ;  since  that  time  no  case  of 
cholera  has  occurred  within  the  precincts,  although  the  epidemic  of  1866  was 
severely  felt  in  other  parts  of  London.    Several  towns,  which  suffered  severely  in 
former  epidemics,  have  enjoyed  comparative  immunity  in  later  ones,  such  as  Hull, 
Glasgow,  Exeter,  &c.    The  soldiers  in  garrison  in  the  United  Kingdom  suffered 
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severely  in  the  earlier  epidemics,  but  in  the  last  (1866)  only  13  deaths  took  place 
among  70.000  men.  This  was  due  in  a  large  measure  to  improved  water-supply. 
Indeed,  we  may  say  now  that,  with  a  pure  water-supply  and  a  good  system  of 
drainage,  a  town  or  community  may  look  upon  the  prospect  of  an  invasion  of 
cholera  without  any  very  great  dread,  for  under  such  circumstances  the  disease, 
even  if  imported  into  the  place,  would  fail  to  make  good  a  foothold.  On  the  other 
hand,  persistence  in  the  use  of  impure  water,  and  indifference  on  the  subject  of  a 
proper  system  of  drainage  or  sewage-disposal,  are  conditions  that  simply  offer  a 
premium  to  the  spread  of  the  disease. 

Ague,  commonly  known  as  Fever  and  Ague,  is  a  disease  that  appears  to  be  most 
frequently  transmitted  through  the  air,  but  we  have  evidence  that  water  is  capable 
of  conveying  it  also.  This  has  from  very  early  ages  been  believed,  for  we  find  it 
mentioned  by  Hippocrates  that  drinking  marsh-water  produced  spleen-disease, 
which  is  always  associated  with  ague.  In  India  a  similar  belief  has  always  existed 
among  the  natives ;  even  the  drinking  of  river- water  containing  vegetable  matter 
from  marshy  districts  has  appeared  to  produce  ague  in  places  which  were  otherwise 
free  from  any  suspicion  of  marsh-poison.  Dr.  Smart  has  pointed  out  the  same 
thing  in  the  mountainous  regions  of  ISTorth  America.  A  very  interesting  case 
occurred  a  few  years  ago  at  Tilbury  Fort,  when  the  artillery  quartered  there  were 
supplied  with  so-called  rain-water,  collected  in  underground  tanks  dug  in  the  marsh. 
The  men  suffered  severely  from  ague  so  long  as  they  used  the  water,  but  the  disease 
disappeared  on  other  water  being  taken  into  use  during  the  repair  of  the  tanks. 
When  the  troops  returned  to  the  use  of  the  tank-water,  the  disease  broke  out  again. 
I  analysed  the  water,  and  found  it  to  be  very  impure  :  in  fact,  the  water  from  the 
marsh  had  soaked  in  in  large  quantities,  and  been  drunk  by  the  men  under  the 
belief  that  they  were  being  supplied  with  rain-water.  Although  this  is  an 
occurrence  not  likely  to  be  common  in  this  country,  it  is  important  as  indicating 
possible  dangers  to  be  guarded  against. 

Dyspepsia  (or  indigestion)  and  Constipation  are  met  with  as  consequences  of  the 
use  of  hard  water,  and  also  of  water  containing  a  certain  amount  of  iron.  Habit, 
in  this  as  in  some  other  cases,  sometimes  produces  what  is  called  tolerance  of  the 
conditions,  and  the  system  adapts  itself  in  some  degree  to  the  circumstances.  At 
the  same  time,  a  general  improvement  in  health  has  been  observable  in  places 
where  a  pure  soft  water  has  been  substituted  for  a  hard  one.  It  is  also  a  known 
fact  that  grooms  object  to  give  hard  water  to  horses,  because  it  produces  a  staring 
coat,  indicative  of  impaired  digestive  functions. 

There  is  some  reason  to  believe  that  Sore  Throat,  and  perhaps  even  Erysipelas  and 
Diphtheria,  may  depend  in  some  cases  on  impure  water.  If  we  bear  in  mind  also 
that  the  disease-poison  of  Scarlet  Fever  and  other  eruptive  diseases  is  especially 
present  in  the  particles  thrown  off  from  the  skin,  and  if  we  also  remember  that 
such  particles  {epithelium  scales)  are  often  found  in  impure  water,  we  can  easUy 
understand  that  it  might  be  possible  that  those  diseases  should  be  communicated  in 
this  way. 

Parasites,  &c. — In  foreign  countries,  especially  in  the  tropics,  there  are  several 
dangerous  parasites  which  appear  to  find  their  way  iuto  the  bodies  of  men  and 
animals  through  drinking-water.  In  this  country  there  are  but  few— viz.,  one  form 
of  tape-worm  (by  no  means  the  most  common),  the  liver-fluke  (probably  very 
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rarely),  and  the  round  worms.  The  case  of  the  last,  the  round  M-orms  was 
distinctly  proved  by  the  investigations  of  Dr.  Paterson,  of  Leith,  who  found  that 
the  persons  who  drank  water  from  a  dirty  lake  in  the  vicinity  (Loch  End)  were 
afflicted  with  those  creatures,  whilst  the  families  who  used  the  pure  supply  from 
the  Edinburgh  water-works  were  quite  free  from  them. 

Metallic  Poisoning.— KetBls  find  their  way  into  drinking-water  in  various  ways 
and  are  apt  to  produce  poisonous  symptoms.  The  metals  which  have  been  found 
m  water  are  iron,  manganese,  zinc,  copper,  lead,  and  arsenic.  Of  these,  the  two 
first  are  unimportant,  iron  not  being  poisonous,  although  it  makes  water  unpleasant 
ajid  inconvenient  for  domestic  purposes,  and  manganese  being  both  tasteless  and 
<so  fax  as  we  know)  harmless.  Arsenic  is  seldom  found  in  water,  unless  it  gets  in 
from  the  refuse  of  manufactures,  or  finds  its  way  in  accidentally.  Copper  may 
occasionaUy  be  found  in  streams  in  the  neighbourhood  of  copper  mines,  but  it  is 
more  generally  got  from  vessels  used  in  the  house.  At  the  same  time,  it  is  more 
frequently  associated  with  food  than  with  drinking-water;  so  that  as  regards  the 
latter  the  matter  may  be  considered  unimportant.  It  is  otherwise,  however,  with 
the  two  remaining  metals — namely,  zinc  and  lead. 

Attention  has  only  very  recently  been  directed  to  this  substance  as  a 
possible  source  of  poisoning  in  drinking-water.  But  it  is  now  becoming  recognised 
that  some  curious  cases  with  anomalous  symptoms  may  be  attributable  to  zinc- 
poisoning.  In  large  quantities  the  salts  of  this  metal  are  emetic ;  in  minute  doses 
they  produce  a  depressing  efiect  on  the  system.  Fortunately,  a  comparatively  small 
quantity  gives  a  disagreeable  metallic  taste,  although  this  may  be,  perhaps,  too 
slight  to  attract  attention,  even  when  the  amount  of  zinc  is  enough  to  produce 
serious  efiects.  The  extensive  use  of  so-called  galvanised  iron  utensils  is  now  so 
common,  that  this  danger  must  be  looked  upon  as  at  least  possible ;  for  galvanised 
iron  is  merely  iron  covered  with  a  thin  coating  of  zinc,  put  on  by  galvanism. 
"Water  containing  certain  substances,  such  as  salts  of  nitric  or  nitrous  acid  (very 
common  in  impure  waters),  or  perhaps  much  organic  matter,  are  very  apt  to  attack 
zinc  and  dissolve  out  a  certain  quantity.  I  have  foimd  such  water,  left  in  contact 
with  zinc-covered  vessels  for  some  time,  dissolve  out  so  much  as  to  give  a  strong 
disagreeable  metallic  taste.  Water,  therefore,  ought  not  to  be  allowed  to  stand  too 
long  in  such  vessels. 

Lead. — This  is  a  much  more  serious  question,  both  because  poisoning  by  it  is 
more  common,  and  because  the  efiects  are  much  more  dangerous.  Very  small  doses 
of  lead  are  enough,  if  repeated,  to  produce  poisoning,  and  some  writers  mention  so 
little  as  xsTj-t^  of  ^  grain  per  gallon  of  water.  It  is  doubtful  if  so  small  a  dose 
would  really  have  the  effect,  unless  it  were  prolonged  over  a  considerable  time ; 
but  it  is  generally  admitted  that  -J^th  of  a  grain  per  gallon  will  affect  most  persons. 
Professor  "Wanklyn  considers  ^V*^  ^  grain  the  limit  beyond  which  he  would 
reject  a  water.  Certainly  no  water  containing  so  much  as  that  ought  to  be  used, 
and  even  with  a  smaller  amount  some  persons,  at  least,  would  be  affected.  The 
symptoms  of  lead-poisoning  are  colic,  palsy,  particularly  that  form  known  as 
"  wrist-drop,"  and  a  blue  line  along  the  gums.  Lead  may  get  into  water  from  the 
cisterns  or  pipes,  or  from  vessels  used  for  holding  water.  The  waters  which  have 
most  effect  upon  lead  are  those  that  are  purest  and  most  aerated,  unless  there  be  a 
large  amount  of  carbonic  acid  gas ;  those  containing  organic,  particularly  animal 
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organic,  matter;  those  containing  nitrates  or  nitrites  (the  result  of  organic 
decomposition)  and  chlorides.  But  waters  containing  carbonates,  such  as  chalk 
waters,  and,  in  a  less  degree,  sulphates  and  phosphates,  have  protective  influence, 
for  they  form  a  crust  on  the  inner  surface  of  the  metal,  and  so  protect  it  from 
further  corrosion.  The  best  way,  however,  is  to  avoid  the  use  of  lead  as  much  as 
possible  in  any  connection  with  water  for  drinking  purposes.  The  consumer, 
however,  is  not  entirely  his  own  master  at  this  point,  as  the  use  of  leaden  service- 
pipes  is  generally  insisted  upon  by  the  water  companies ;  but  cisterns  need  not  be 
lined  with  lead,  and  the  use  of  utensils  made  of  alloys  containing  lead  may  be 
avoided. 
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CHAPTER  LXXVII. 

COLLECTION,  STORAGE,  AND  DELIVERY  OP  WATER. 

Supply  of  Eain-water— Tanks— Percolators— Springs,  Eivers,  and  Wells— Area  drained  by  "Wella— 
Pollution  of  Wells— Land-water-Water-cistems-Water-pipes. 

We  must  now  consider  the  questions  of  collection,  storage,  and  delivery  of 
water,  in  which  are  included  many  points  of  great  importance  to  the  health  of  the 
consumers.  We  have  abready  considered  the  quality  of  different  kinds  of  water, 
but  we  shall  have  again  to  speak  of  some  of  the  sources  of  impurity,  and  of  the 
means  of  preventing  them  under  the  above  heads. 

COLLECTION. 

Raivrwater. — In  some  places  rain-water  forms  the  only  available  source  of 
^"Ppljj  l3ut  in  this  country  this  is  seldom  the  case,  the  supply  from  that  source 
being  usually  supplemented  by  some  other— usually  wells  in  country  districts.  Rain- 
water, however,  is  sought  after  on  account  of  its  softness,  which  makes  it  so  much 
better  for  cooking  and  washing  purposes.  It  is  quite  certain  that  if  more  care  were 
taken  in  its  collection,  so  as  to  have  it  free  from  impurity,  and  in  its  storage 
afterwards,  it  might  form  a  much  more  copious  and  advantageous  source  of  supply 
than  at  present.  It  may  be  either  collected  directly  from  house-roofs  and  the  like, 
or  from  fairly  pure  gathering-grounds,  such  as  sands  or  uplands  away  from  habita- 
tions. In  Holland,  where  the  difficulty  of  getting  pure  water  is  considerable,  the 
supply  is  obtained  fi'om  gathering-grounds  made  in  the  sandy  downs,  and  the  result 
is  that  a  water  of  great  purity  and  wholesomeness  is  thus  secured,  a  vast  improve- 
ment upon  the  supply  which  formerly  used  to  be  got  from  the  canals  and  other 
polluted  sources.  The  most  usual  way  of  collecting  rain-water  -in  this  country 
is  from  the  roofs  of  houses  or  other  buildings,  and  the  points  to  be  chiefly  con- 
.sidered  are  these  : — 1.  The  quantity  and  regularity  of  the  supply.  2.  The  means  of 
preventing  its  being  contaminated  before  being  used  or  stored  for  use;  or,  if 
it  be  rendered  impure,  of  removing  to  some  extent  the  impurities. 

1.  Quantity  and  Regularity  of  Siupply. — It  is  necessary  to  ascertain  these  points, 
in  order  to  know  how  far  we  can  depend  upon  the  supply.  We  must,  therefore, 
ascertain  the  area  of  our  collecting-surface,  the  average  rainfall,  and  the  distribution 
of  the  rainfall — that  is,  the  amount  at  different  times  of  the  year,  and  the  relation 
between  the  driest  and  wettest  years.  The  average  rainfall  of  the  kingdom 
is  given  by  Mr.  Symons  at  32  inches  per  annum,  but  the  range  between  the 
extremes  is  very  great.  As  much  as  243  inches  have  been  registered  in  the  Lake 
district  in  a  wet  year,  and  as  little  as  14  inches  in  the  East  of  England  in  a 
dry  year.  Records  of  rainfall  are  now  kept  in  so  many  places,  that  it  is 
generally  possible  to  get  fairly  good  information  on  the  subject  for  practicul 
purposes. 

The  measuring  of  the  collecting-area  must  next  be  attended  to.     In  the  case  of 
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any  flat  surface,  this  is  simple  enough;  bat  if  it  be  a  house-roof  or  the  hk«^^^^^^^ 
belr  in  mind  that  it  is  ti.e  area  of  the  base  of  the  roof  that  must  -ea^"-^^^^^^^^^ 
not  the  sloping  or  otherwise  irregular  surface  of  the  roof  itself.    The  dnnensi^- 
of  the  house  itself  at  the  ground  are  not  quite  enough  as  the  eaves  ^  S^^J^ 
project  some  distance  beyond;  therefore,  the  outline  of  the  roof  at  the  eaves  ought 
to  be  taken.    Suppose  we  have  a  small  house,  say  40  feet  by  30  feet  at  the  eave 
this  would  give  an  area  of  1,200  square  feet;  multiplying  by  U4,  we  should  ha^e 
172,800  square  inches;  multiplying  again  by  the  rainfall,  say  32_  inches,  we  have 
5  529,600  cubic  inches;  this,  divided  by  1,728,  gives  3,200  cubic  feet ;  and  this 
again,  multiplied  by  6-24,  gives  19,968  gallons  of  water.    This  somewhat  long  sum 
may  be  shortened  considerably,  for  the  same  result  may  be  obtamed  by  multiplying 
the  area  in  square  feet  by  the  rainfall  in  inches,  and  then  by  0-52,  thus  :— 

1200  X  32  X  0-52  =  19,968  gaUons; 

or,  roughly,  the  area  in  square  feet,  multiplied  by  half  the  rainfall  in  inches,  gives 
the  amount  in  gaUons  within  an  error  of  four  per  cent,  only,— 1200  x  16  =  19,200 
gaUons,  a  difference  of  768  gallons  in  a  year.  But  the  above  calculation  gives  the 
total  theoretical  amount,  allowing  nothing  for  waste  or  evaporation.  Now  every  one 
must  know  that  a  great  deal  is  necessarily  lost  in  that  way,  so  that  we  cannot 
reaUy  expect  to  save  more  than  one-half,  even  with  the  best  arrangements.  If,  there- 
fore, we  multiply  the  area  of  our  roof  by  a  quarter  of  the  rainfall,  we  shall  get  the 
probable  amoimt  of  water  obtainable  in  gallons.  In  the  above  example  that  would 
be  9,600  gallons. 

Let  us  suppose  the  house  to  be  occupied  by  six  persons.  This  would  give 
us  1,600  gallons  per  head  per  annum,  or  a  Kttle  over  four  gallons  a  head  daily. 
This  quantity  is,  of  course,  quite  insufficient  as  a  sole  supply,  but  it  would  be  enough 
for  drinking  and  cooking  purposes,  and  still  leave  a  small  balance  to  be  used 
in  washing.  It  may  here  be  pointed  out  that,  even  if  the  rain-water  obtainable  be 
insufficient  for  washing  purposes  by  itself,  it  is  stiU  advantageous  to  mix  it  with  the 
harder  well  or  spring  water,  as  it  will  always  help  to  soften  the  latter. 

There  are,,  of  course,  many  dwellings,  especially  among  the  cottages  of  the  poor, 
where  the  proportion  of  coUecting-area  per  head  is  much  less  than  the  example 
taken  above ;  and  there  are  also  many  places  where  the  rainfall  is  less  than  that 
stated,  especially  in  a  dry  year,  so  that  the  proportionate  amount  of  water  obtainable 
would  be  small    Still  it  is  always  advantageous  to  have  it,  if  it  can  be  got,  for 
cooking  and  drinking  purposes,  if  not  for  anything  else.    The  misfortune  is  that  in 
too  many  cases  it  is  not  only  dirty  when  collected,  but  it  is  stored  in  butts  or  cisterns 
which  are  neglected,  and  allowed  to  become  themselves  sources  of  contamination. 
Of  course,  where  a  house-roof  is  the  collecting-area  it  is  certain  that  a  good  deal  of 
impurity  will  always  be  found,  from  soot  and  smoke,  dead  leaves,  droppings  of  birds, 
and  the  like;  sometimes  in  large  towns  to  such  an  extent  as  to  render  the  water 
almost  unusable.    An  ingenious  means  of  removing  these  to  a  large  extent  is 
Roberts's  Percolator  (see  Fig.  375),  the  principle  of  which  is  to  keep  out  rubbish,  and 
to  reject  the  first  rain  that  falls  and  washes  the  roof.    This  is  allowed  to  run 
to  waste.    The  apparatus  is  balanced  on  a  pivot,  so  that  as  soon  as  the  pure  water 
compartment  is  filled  to  a  certain  point,  it  cants  over,  and  the  water  runs  clear  to 
storage.    The  action  is  simple  and  automatic,  and  apparently  not  liable  to  get  out  of 


784 


OUR  HOMES. 


order  It  must,  however,  be  remembered  that  the  action  is  purely  mechanical  anrJ 
that  dissolved  impurities  are  not  removed  by  it.  mccnanical,  and 

^'        "^"^^^^  rain-.vater  on  a  small  scale  may  be  conveniently 

"^-^^  referred  to  here.    It  is  usual  to  keep  it  either 

in  water-butts  or  in  cisterns  or  tanks.  Butts, 
if  originally  clean,   and  if   kept  properly 
covered  and  protected  from  impurities,  are 
very  convenient,  especiaUy  for  small  houses 
and  cottages.    A  good  plan  is  to  have  the 
inside  of  the  butt  weU  charred  with  a  hot 
iron.    Where  tanks  or  cisterns  are  used,  lead 
should  be  carefully  avoided,  as  rain-water 
is  very  apt  to  attack  that  metal  and  dissolve 
small  quantities.     The  best  cisterns  are  of 
slate,  properly  put  together  'with  hydraulic 
cement,  but  not  secured,  as  they  generally  are, 
with  lead  or  its  compounds.    Iron  tanks  are 
good  if  the  inside  be  covered  with  some  lining, 
such  as  good  cement ;  but  it  should  not  be 
galvanised,  nor  should  the  iron  be  in  direct 
contact  with  the  water,  as  in  either  case  metal 
is  dissolved  out,  and  the  water  rendered  at 
least  unpleasant  for  use.     Brick  tanks,  if 
properly  cemented  inside,  answer  very  well. 
And  there  are  now  many  excellent  kinds  of 
concrete  and  artificial  stone  of  which  good 
tanks  or  cisterns  might  be  made.     In  all, 
however,  careful  inspection  is  necessary  from 
time  to  time,  to  see  that  impurities  are  not 
accumulating,  as  we  must  bear  in  mind  that 
"stored  rain-water"  is  placed  in  the  list  of 
suspicious  waters.     When,  however,  it  has 
been  so  far  filtered  clean  by  means  of  the 
percolator,  it  is  much  less  likely  to  undergo 
deterioration  when  stored. 

The  water  collected  from  upland  surfaces, 
or  from  deep  mountain  lakes,  has  much  the 
character  of  rain-water ;  it  is,  indeed,  often 
purer  than  the  raia-water  collected  directly 
for  domestic  use.  The  water  of  Loch  Katrine, 
Fifr  375.— Section  of  koberts's  Patent"eain-  Supplied  to  Glasgow;  that  of  Bala  Lake,  pro- 

WATEK  PehCOLATOR  IN  ACTION.    PUBE  WATER  J       J.  x-  £         ,1,  1;    ,1  . 

PASSING  TO  SioiiAGE.  poscd  at  ono  time  tor  the  use  of  tho  metro- 


A.  Strainer  With  porforntcd  plate,  to  prevent  rubbish  passinc  into  Percolator.  B.  Outlet  for  water  to  rnss  to  Percolator 
o.  1  crcoiator  halancert  on  pivot,  d.  Small  compartment  into  whirh  the  rain-water  first  falls.  K.  Small  liole  flttod  with  washer 
pniportioned  to  size  of  roof.  s.  Larger  hole  to  prevent  too  rapid  niling  of  comi)artmunt  d.  g.  Overllow-pipe  for  storm. 
H.  .'Mnaii  hole  at  back  of  o  between  compartments.  When  the  rainfall  exceeds  the  dlscliarginp  capacity  of  hole  E,  the  water 
rises  in  compartment  D,  and  passing  through  hole  H,  slowly  Oils  compartment  i.  When  the  weight  of  the  water  In  I 
overDaiances  the  Percolator,  it  is  canted  (as  shown  In  drawingi,  and  the  water  (by  that  time  pure)  directed  by  the  spout 
fV    1 11?     "r ^'  ho'o  at  bottom  of  compartment  i.  M.  Auxiliary  pipe  for  Keeping  compartment  i  full 

alter  luc  1  crcoiator  is  canted  when  the  rain  is  leaving  olT,  so  that  the  last  drop  of  rain  may  be  stored.  N.  Cover  for  closing 
S;.*^.,:  1  i"",'^;'".''';'  "2"  f"!".  liolding  the  apparatus  In  its  normal  position,  o.  Iron  frame  to  which  apparatus  is  attached 
provided  with  holes  for  fixing  to  wall.  "»'.»' 
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polis  ;  that  of  Thirlemere,  about  to  be  taken  by  Manchester-are  all  very  pure  waters, 
containing  very  little  solid  matter,  an  extremely  small  amount  of  organic  matter 
and  almost  no  hardness.  Some  fears  have  been  expressed  that  the  water  of 
mountain  lakes  might  be  dangerous,  where  there  were  metalliferous  lodes  m  the 
neighbourhood,  and  that  thus  lead-poisoning  might  be  occasioned.  I  do  not  think 
any  evidence  has  been  brought  forward  to  justify  this  idea;  although,  of  course, 
before  such  a  supply  was  taken  careful  analysis  would  be  made  in  order  to  decide  so 

important  a  question.  •        c  -u 

Springs  are  subterranean  supplies  of  water  which  deliver  at  certain  points  of  the 
earth's  surface,  being  either  the  outflow  of  a  supply  at  a  higher  level  in  some  distant 
part,  or  being  pushed  up  by  the  expansion  of  gas— carbonic  acid,  nitrogen,  or  other. 
In  some  cases  the  conditions  are  such  that  the  water  comes  up  at  a  temperature 
approaching  to  boiling,  and  in  many  it  is  much  above  the  heat  of  the  human  body. 
Those  are  generally  known  as  mineral  springs,  and  are  unfit  for  domestic  purposes, 
so  far,  at  least,  as  drinking  is  concerned.    They  may,  however,  be  used  for  baths, 
and  even  for  washing  of  clothes,  when  their  hardness  is  not  too  excessive.  Their 
chief  use,  however,  is  for  medicinal  purposes,  for  which  many  of  them  are  highly 
important.    Fortunately,  a  great  many  springs  are  of  a  different  character,  and 
provide  water  of  a  pure,  sparkling,  cool  quality,  admirably  fitted  for  all  ordinary 
purposes.    Of  course,  it  may  sometimes  happen  that  even  deep  springs  may  be 
polluted  when  access  to  their  source  is  possible,  either  through  clefts  in  the  ground 
or  pollution  of  their  head-water  where  it  is  exposed.    Such  a  condition  is,  however, 
not  very  common.    Spring-water  (subject,  of  course,  to  local  variations)  generally 
contains  more  salts  than  upland  surface-water,  but  less  than  deep  well-water,  the 
amount  of  chlorides  (represented  by  common  salt)  being  in  the  latter  usually 
double  what  it  is  in  the  former.    The  organic  matter  is  generally  very  small,  and 
the  water  is  usually  well  aerated,  as  might  be  expected  from  the  circumstances 
under  which  it  is  generally  forced  up.    In  collecting  it,  the  points  to  be  attended  to 
are  to  see  that  no  impurity  reaches  it  at  or  near  the  point  of  collection,  and  to 
ascertain  that  the  yield  is  sufiicient  either  with  or  without  storage.    As  regards  the 
first  point,  the  water  may  be  fouled  by  cattle  or  birds  which  may  have  access  to  it. 
This  may  be  provided  against  by  simple  means ;  in  particular,  by  providing  a 
convenient  trough  for  the  use  of  animals,  and  by  covering  in  the  delivery-point,  so 
as  to  make  the  water  flow  thx'ough  a  short  pipe  or  conduit.    As  regards  the  yield, 
this  is  best  estimated  in  small  springs  by  observing  how  long  a  vessel  of  known 
capacity  takes  to  fill.    Any  vessel  may  be  used,  but  a  small  tub  or  barrel  is  the 
most  convenient.    A  tub  2  feet  across  and      feet  deep  holds  about  29  gallons;  so 
that  if  this  took  one  hour  to  fill  it  would  argue  about  700  gallons  per  diem,  a 
supply  suflicient,  if  all  utilised,  for  about  five  or  six  ordinary  families.  As, 
however,  this  means  that  all  the  water  should  be  put  to  use,  it  would  not  be  nearly 
sufficient  for  so  many  without  means  of  storage,  the  yield  continuing  through  the 
twenty-four  hours,  and  not  being  capable  of  increase  as  required.    The  continuity 
of  supply  would  also  have  to  be  examined — that  is,  whether  or  not  the  yield  was 
influenced,  and  to  what  degree,  by  floods  or  drought.    It  is  generally  safest  to  take 
the  yield  of  the  driest  period  as  the  basis  of  estimate.    Of  course,  where  springs  are 
impounded  for  an  extensive  general  supply,  their  waters  are  conveyed  to  gathering- 
grounds  or  reservoirs,  so  as,  if  possible,  to  utilise  the  entire  quantity. 
54 
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Jhveis.-When  ^  river  or  rivers  are  used  as  supplies  on  a  grand  scale,  the  water 
IS  either  pumped  directly  to  reservoirs,  with  or  without  filtering-beds,  o^  else  it  is 
dammed  up,  so  as  to  form  a  large  reservoir  itself.    The  latter  is  the  plan  followed 
where  streams  are  impounded  at  their  source  and  where  the  water  ca^  be  collected 
at  such  a  height  as  to  ensure  a  good  head  of  water;  the  former  when  the  water  is 
taken  fi-om  a  river  in  some  lower  part  of  its  course.    There  can  be  no  doubt  that 
the  head^vaters  are  the  best  to  have,  for  they  partake  more  nearly  of  the  character 
of  upland  surface-waters,  whereas  at  lower  points  they  are  exposed  to  contamination 
The  public  ^ater-supphes  of  the  metropolis,  in  so  far  as  they  come  from  such  streams 
as  the  Lea  and  the  Thames,  and  that  of  many  of  our  large  towns,  are  more  or 
less  polluted.    We  have  allowed  sewage  and  all  sorts  of  offensive  matters  to  pass 
into  our  streams,  and  this  polluted  water  to  be  drawn  for  domestic  use.  Nevertheless 
It  IS  plain  that  our  rivers  ought  to  form  a  good  and  perennial  supply  for  oui^ 
population  and  the  Pollution  of  Eivers'  Act  is  a  step  in  the  right  direction, 
although  It  will  be  years  before  its  full  effect  ^viU  be  felt.    In  drawing  water  from 
streams,  care  should  be  taken  to  draw  it  as  far  from  habitations  as  possible-  if 
possible,  above  them.    Animals  ought  not  to  be  allowed  to  water  at  the  same  pkce 
certainly  not  above  it.    The  estimation  of  the  yield  of  rivers  is  only  interestin..  to 
a  large  community  as  regards  the  question  of  a  general  water-supply,  but^the 
process  is  simple  enough.    The  mean  depth  of  the  river  is  found  by  measurement 
as  also  the  breadth  ;  the  velocity  is  then  obtained  by  observing  the  rapidity  witli' 
which  a  float  passes  between  two  points  of  known  distance ;  this  gives  the  surface 
Telocity,  three-quarters  of  which  gives  approximately  the  mean  velocity  of  the 
whole  stream.    Then  the  mean  breadth  by  mean  depth  by  mean  velocity  in  feet  per 
minute  gives  the  cubic  feet  of  water  per  minute  of  flow;  this,  multiplied  by  6-24, 
gives  the  amount  in  gallons.     It  may  also  be  measured  by  damming  up  and 
forming  -a  weir,  the  flow  over  which  can  be  easily  estimated  by  known  rules.  A 
table  will  be  found  in  the  engineering  division  of  this  section. 

Wells  are  of  two  kinds,  shallow  and  deep,  and  the  latter  may  be  further  divided 
into  ordinary  deep  wells  and  artesian  wells.     Artesian  wells,  so  called  from  having 
been  first  sunk  in  the  province  of  Artois,  in  France,  are  wells  of  great  depth, 
penetrating  a  water-bearing  stratum  which  ci-ops  up  elsewhere  at  some  higher 
point ;  by  this  means  the  water  rises  in  the  well  to  the  height  of  the  outcrop,  so  as 
in  some  cases  to  flow  considerably  above  the  level  of  the  well-opening.  Advantage 
of  this  is  taken  in  the  process  of  boring,  so  that  the  force  of  the  water  is  sometimes 
sutiEicient  to  force  up  the  debris  out  of  the  boring-tube.    Fig.  373  shows  the  theory 
of  an  artesian  well,  a  being  the  well,  and  b  being  the  outcrop  of  the  water-bearing 
stratum  at  a  higher  level.    The  plan  usually  followed  is  to  dig  a  wide  well-hole  for 
some  depth,  and  then  to  complete  it  with  a  long  bore-tube  of  narrower  diameter. 
The  water  of  artesian  wells  is  usually  good,  but  its  composition  is  peculiar,  as  it 
contains  a  larger  amount  of  salt  than  the  best  spring-waters,  and  also  often  a  good 
deal  of  ammonia.    This,  however,  has  nothing  to  do  with  recent  organic  impurity, 
and  may  be  disregarded.     Its  aeration  is  less  perfect  than  that  of  other  waters, 
particularly  in  the.  absence  of  oxygen,  but  it  contains  enough  of  carbonic  acid  to 
make  it  moderately  palatable,  whilst  a  very  short  exposure  to  the  air  soon  enables  it 
to  absorb  oxygen. 

Ordinary  wells  are,  however,  of  more  immediate  interest  to  individuals,  as  so 
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much  of  the  water-supply,  especially  in  country  districts,  is  drawn  from  them.  The 
only  way  of  calculating  the  yield  of  water  is  to  find  how  much  pumpmg  is  required 
to  depress  the  water  to  a  given  level.  As  in  other  cases,  the  driest  year  ought  to  be 
taken  as  the  basis  of  calculation.  With  reference  to  the  selection  of  the  site  ot  the 
well,  and  the  plan  of  sinking  and  securing  it,  several  things  have  to  be  considered. 
Our  only  chance  of  reaching  water  is,  of  course,  to  bore  into  a  permeable  stratum 
which  has  an  opportunity  of  absorbing  rainfall,  and  the  water  in  which  is  more  or 
less  confined  by  impermeable  strata  below.  For  this  end,  some  knowledge  of  the 
geology  of  the  place  must  be  obtained.  Generally  speaking,  a  well  sunk  m  the 
neighbourhood  of  springs  will  yield  an  abundance  of  water;  wells  also  at  the  foot 
of  hills  or  at  the  outfall  of  a  vaUey  will  give  a  good  supply.  As,  however,  the 
situation  of  dwellings  will  often  be  guided  by  other  considerations  as  weU,  the 
choice  of  place  is  not  always  free.  The  difference,  however,  between  shallow  and 
deep  wells  is  one  of  great  importance,  and  in  many  instances  it  is  only  a  question 
of  expense.  Shallow  wells  are  those  which  are  sunk  merely  into  the  superficial 
stratum  of  porous  soil.  It  is  not  easy  to  draw  any  particular  line  as  to  depth,  but 
generally  wells  less  than  30  feet  deep  must  be  reckoned  in  this  class,  unless  there 
should  be  an  impervious  stratum  passed  through  which  shall  effectually  shut  out 
surface-waters.  Thus  a  well  15  or  20  feet  deep,  passing  through  a  stiff  clay  before 
it  reaches  the  water-bearing  stratum,  is  really  better  than  one  of  twice  the  depth 
which  penetrates  a  superficial  porous  stratum  only.  Generally  speaking,  our  rule 
should  be  to  go  deep  enough  to  place  an  impervious  stratum  between  our  water- 
supply  and  the  surface  of  the  ground.  If  we  cannot  do  this,  we  must  go  as  deep 
into  our  water-bearing  stratum  as  possible,  both  because  the  supply  will  be 
more  plentiful,  and  because  the  water  itself  will  have  a  better  chance  of  being 
purified  by  its  longer  passage  through  the  soil  before  it  reaches  the  level  of  the 
well. 

The  area  of  surface  drained  by  wells  is  a  question  of  some  difiiculty.  It  has 
been  stated  as  a  circle,  the  radius  of  which  is  the  depth  of  the  well ;  but  this 
appears  to  be  a  grave  under- statement  of  the  case,  if  we  look  to  the  evidence 
which  has  been  obtained  from  the  effects  of  pumping  upon  distant  wells,  or 
the  way  in  which  wells  have  sometimes  been  drained  by  outflows  of  water  at 
distant  lower  levels.  On  these  points  more  details  will  be  given  on  engineering 
authority,  but  one  or  two  remarks  may  here  be  made.  A  well  in  a  gravel 
and  sandy  soil  in  South  Hampshire  was  found  to  be  drained  dry  in  conse- 
quence of  an  outflow  of  water  in  a  gravel-pit  dug  a  considerable  distance  off. 
The  difference  of  level  between  the  higher  point  (that  is,  the  bottom  of  the 
well)  and  the  lower  (the  outflow  at  the  gravel-pit)  was  21 J  feet — the  distance 
between  the  two,  1,720  feet;  so  that  the  area  drained  had  a  radius  equal  to  80 
times  the  depth,  here  represented  by  the  fall  or  difference  in  level  between  the 
two  points.  In  this  case  the  loss  of  water  was  obviated  by  deepening  the  well 
about  10  feet. 

Again,  the  distances  at  which  wells  are  affected  by  tides  or  running  waters  are 
also  proofs  of  the  extensive  areas  of  drainage.  A  well  on  the  banks  of  the  Hamble, 
a  tidal  river,  is  distinctly  affected  by  the  tides,  although  the  distance  is  nearly  forty 
times  the  fall— that  is,  the  difference  of  level  between  the  bottom  of  the  well  and 
mean  tide  ordnance  datum.    The  pressure  of  the  Rhine  has  been  known  to  influence 
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a  well  at  a  distance  of  1,670  feet,  and  at  Buda-Pesth,  Professor  Fodor  found  the 
pressure  of  the  Danube  influence  a  well  at  a  distance  of  2,700  feet 

These  points  bear  very  directly  upon  the  question  of  the  wholesomeness  of 
water;  for  it  is  quite  clear  that  if  the  effect  is  so  marked,  wells  may  drain  cesspools 
dung-heaps,  middens,  and  all  sorts  of  filthy  places;  and  it  really  appears  wonderful' 
if  this  be  the  case,  that  well-water  should  ever  be  fit  for  drinking,  and  that  more 
disease  is  not  caused  in  this  way.     It  is  a  fact,  however,  that  fairly  good  water 
is  sometimes  obtained  from  weUs  that  appear  likely  to  be  contaminated  This 
depends  upon  three  conditions:— 1st.  The  nature  of  the  soH;  2nd.  The  direction  of 
movement  of  the  ground-water;  and  3rd.  The  amount  of  water  drawn  from  the 
well.    As  regards  the  first,  it  is  clear  that  impervious  soil,  such  as  stifi-clay  will 
shut  off  the  access  of  water,  and  consequently  of  impurity,  from  strata  beyond  it 
Thus,  a  layer  of  clay  will  successfully  keep  out  surface  impurities,  if  the  well  is  deep 
enough  to  pass  through  it,  and  is  protected  in  the  upper  part.    As  regards  the 
second  point,  the  direction  of  the  ground-water,  it  is  clear  that  if  a  well  is  dug  on 
the  side  of  any  cesspool,  &c.,  towards  the  direction  to  which  the  ground-water  is 
flowing,  impurity  must  be  brought  into  the  well.     Ground-water  always  moves 
towards  the  nearest  running  water  or  towards  the  sea,  therefore  it  is  wise  to  weather, 
as  it  were,  any  source  of  pollution  by  placing  the  well  above  it— that  is,  on  the 
opposite  side  to  that  towards  which  the  ground-water  movement  may  be  expected 
to  be.    Shallow  wells  are  still  further  endangered  when  the  ground-water  rises  after 
rain,  so  as  to  bring  the  water  up  to  the  level  of  middens  and  cesspools,  which  are 
generally  lined  with  porous  material;  the  water  becomes  directly  contaminated  and 
a  source  of  poison  to  the  consumer.    It  is  obvious,  however,  that  it  is  possible  to 
prevent  some  <rf  these  dangers  by  obstructing  the  entrance  into  the  well  of  the 
water  from  the  most  impure  sources.    This  is  done  by  imperviously  steining  the  upper 
part  of  the  well — that  is,  lining  the  inner  surface  in  such  a  way  as  to  block  out  the 
water  that  would  otherwise  flow  in  from  the  sides.    Thus,  a  well  50  feet  deep,  well 
steined  throughout,  would  draw  water  only  from  those  parts  of  the  surface  at  least 
50  feet  in  every  direction  distant  from  the  well;  whilst  the  water  within  the  area 
would  be  compelled  to  pass  through  all  that  depth  of  soil  before  reaching  that  water- 
level  of  the  well.    It  is,  of  course,  desirable  that  wells  should  be  sunk  as  far  as 
possible  from  sources  of  impurity,  and  the  water  brought  by  pipes  to  the  dwelling ; 
but  as  this  is  often  not  done,  the  best  means  must  be  taken  to  lessen  the  dangers. 
Steining  is  done  either  with  timber^  or  with  bricks,  or  with  iron.    Timber  is  quite 
unsuited  for  wells  for  drinking-water,  as  it  is  apt  to  rot  and  foul  the  water.  Brick 
steining  is  good,  providing  it  is  lined  with  a  good  coating  of  hydraulic  cement ;  if 
not,  water  will  pass  easily  through^  and  protective  influence  will  be,  to  a  large 
extent,  lost.    A  very  efficient  plan  is  the  use  of  an  iron  casing,  but  the  iron  must 
be  protected  efficiently  with  cement,  or  some  indestructible  non-poisonous  paint, 
otherwise  the  water  will  act  upon  it  and  wear  it  through,  besides  taking  up  a  portion 
of  the  iron  itself,  and  becoming  unpleasant  for  use.    If  we  have  a  well  j^assing 
through  an  impervious  stratum,  such  as  stiff  clay,  of  some  thickness,  and  imperviously 
steined  down  to  such  stratum,  we  may  generally  look  upon  the  water  as  fairly  safe. 

The  third  condition  referred  to — viz.,  the  quantity  of  water  dra\vn  from  a  well — 
is  a  point  to  which  but  little  attention  has  been  paid,  probably  because  the  wide 
extent  of  possible  drainage  has  not  been  recognised.    In  the  case  of  a  well  from 
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^vhicll  only  a  small  quantity  is  taken  daily,  tlie  water  may  remain  comparatively 
pure  for  a  considerable  time,  even  under  apparently  unfavourable  circumstances,  the 
water  in  such  a  case  being  probably  the  surface  rainfall  soaking  through  the  earth 
But  if  the  demand  is  increased,  and  stiU  more,  if  the  demand  be  severe,  more  and 
more  powerful  action  will  be  exercised  on  all  surrounding  parts,  and  water  may  be 
drawn  from  parts  of  the  ground  which  were  previously  unaffected  by  the  ordmary 
moderate  demand.  In  this  way  porous  cesspools,  leaking  drains,  and  other  sources 
of  impurity,  may  be  tapped,  and  the  water-supply  rendered  dangerous,  so  that  a 
well  which  might  suffice  for  the  household  originally  using  it,  might  yield  water 
unfit  for  drinking,  if  too  severe  demands  were  made  upon  it  by  neighbours  less 
favourably  situated. 

We  have  next  to  look  to  the  question  of  direct  contamination.  Wells  are  either 
open  and  used  as  draw-wells,  or  closed  and  the  wa^  er  drawn  by  means  of  pumps. 
The  latter  are  much  to  be  preferred.  Draw-wer.d,  if  left  open,  are  a  source  of 
danger,  both  because  children  may  fall  in  and  be  drowned,  and  because  animals  and 
refuse  may  get  in  and  foul  the  water.  Wells  ought,  therefore,  to  be  carefully  covered, 
and  the  top  raised  above  the  soil-level,  so  as  to  prevent  the  inflow  of  surface-waters 
during  rains  and  floods.  As  little  wood  as  possible  should  be  used  about  them,  as 
it  is  apt  to  decay  and  get  into  the  water.  Particular  attention  ought  to  be  paid  to 
the  cleanliness  of  the  bucket,  rope,  and  every  part  of  the  gear  employed  in  drawing 
water.  Pumps  ought  to  be  of  iron  throughoutj  and  no  lead  should  be  used  in  any 
part.  The  pipe  leading  from  the  water  to  the  pump  should  be  either  of  iron, 
enamelled,  barffed,  or  otherwise  protected  ;  or  of  solid  block-tin  :  the  latter  is  expen- 
sive, but  it  lasts  long,  and  is  perfectly  safe.  The  sink  and  drain  of  the  pump  ought 
to  be  of  solid  material,  and  so  arranged  that  the  water  that  dribbles  away,  together 
with  any  rinsings  of  slops,  shall  run  clean  away  from  the  well  to  a  proper  drain  or 
receptacle. 

In  some  cases  Norton's  tube-well,  called  also  the  American  tube-well,  or 
Abyssinian  well,  is  useful,  especially  where  the  occupation  is  temporary.  This 
ingenious  apparatus  consists  of  an  iron  tube  in  lengths,  having  at  the  end  a  steel 
nozzle,  and  the  sides  perforated  to  some  18  inches  from  the  end.  The  tube  is 
driven  into  the  ground  by  means  of  an  apparatus  called  a  "  monkey,"  successive 
lengths  being  screwed  on  until  a  depth  of  20  feet  to  28  feet  is  reached,  A  small 
hand-pump  is  then  screwed  on  to  the  top,  and,  if  the  stratum  be  a  porous  one  well 
supplied  with  water,  as  much  as  600  gallons  an  hour  may  be  obtained.  This  tube- 
well  was  used  with  advantage  during  the  Abyssinian  campaign. 

Water  from  Land-drainage. — In  view  of  the  difficulty  of  getting  pui-o  water 
in  the  country  districts,  it  might  be  well  worth  consideration,  whether  or  not  the 
water  from  the  subsoil-drainage  of  land  might  be  utilised. 

The  objections  which  might  be  made  to  the  use  of  land-drainage  water  are  chiefly 
those  having  reference  to  its  possible  composition.  But  the  results  of  a  careful 
examination  of  the  evidence  to  be  found  in  the  sixth  report  of  the  Rivers'  Pollution 
Commissioners,  and  the  elaborate  papers  of  Messrs.  Lawes,  Gilbert,  and  Warington, 
lead  to  the  conclusion  that  the  amount  of  possible  impurity  is  not  so  large  as 
we  might  be  inclined  to  expect.  It  is  shown  that  in  almost  all  soils,  except  stiff 
clay  and  the  like,  there  is  a  very  rapid  conversion  of  organic  nitrogenous  matter, 
first  into  ammonia,  and  secondly  into  nitric  acid,  Avhich  forms  nitrates  with  bases, 
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and  is  the  main  source  of  the  nitrogen  which  crops  obtain  from  the  soil.   This  takes 
place  by  the  action  of  some  minute  organisms,  of  the  nature  of  ferments  which 
appear  to  exist  in  all  loose  soils,  but  perhaps  more  especially  where  much  sand 
or  gravel  is  present.    If  the  soil  is  too  porous,  the  nitrates  may  flow  off  with  the 
drainage,  and  be  so  far  lost  for  agricultural  purposes ;  but,  if  the  soil  be  of  a  proper 
consistency,  they  will  be  retained,  and  will  be  readily  yielded  to  suitable  crops 
It  IS  especially  nitrogenous  organic  matter  which  we  are  desirous  to  keep  out  of  our 
drinking-water,  and,  therefore,  if  we  find  that  there  is  in  the  soil  anything  that  will 
quickly  oxidise  or  burn  up  such  matter,  it  will  be  all  the  better  for  our  watei- 
supply.    We  know  that  surface-waters  from  uncultivated  lands,  especially  uplands, 
are  fairly  good,  and  are  put  in  the  list  of  wholesome  waters,  although  they  may  be) 
from  want  of  aeration,  not  quite  as  palatable  as  spring-waters.    From  such  lands 
the  land-drainage  water  may  of  course  be  used  with  as  much  confidence  as  weUs 
sunk  in  such  lands,  or,  indeed,  as  the  surface-waters  themselves.    But,  when  the 
land  is  cultivated  and  highly  manured,  the  case  is  different,  and  the  use  of  the 
land-drainage  water  may  be  open  to  question.     Analysis,  however,  shows  that 
growing  crops  rapidly  absorb  nitrogenous  matter  from  the  soil,  so  that  but  little  is 
found  in  the  drainage-waters.    If  land  is  manured  without  being  cropped  it  may  be 
difi["erent,  for  the  nitrogenous  matter  may  find  its  way  out  by  the  drainage.  But 
the  conversion  of  the  nitrogenous  matter  into  nitrates  (that  is,  into  inorganic 
matter)  takes  place  chiefly  in  the  upper  layer  of  the  soil,  or  that  part  where  the 
aeration  is  most  perfect,  so  that  if  either  the  soU  be  of  such  a  consistency  as  to 
retain  the  organic  manure  in  the  upper  layer  long  enough,  or  if,  being  more  porous, 
it  is  also  more  thoroughly  aerated,  the  conversion  may  take  place  tolerably  rapidly, 
and  nothing  may  reach  the  land-drainage  water  except  in  an  inorganic,  and, 
therefore,  practically  innocuous  condition.    At  the  same  time  it  is  desirable  to  have 
a  considerable  depth  through  which  the  water  should  pass  before  it  reaches  the 
land-drains,  so  that  as  much  as  possible  of  the  organic  matter  may  be  removed  that 
may  perhaps  not  have  been  thoroughly  oxidised.    The  depth  of  the  land-drains 
should  not  be  less  than  six  feet,  but  in  some  cases  a  greater  depth  would  bo 
desirable.     We  may,  therefore,  draw  the  following  conclusions  : — 

1.  Land-drainage  water  from  stiff  soils  may  be  contaminated  so  as  to  render 
it    unsuitable   for   drinking-water  where   manure  is  used,  there   being  little 
power  of  conversion  into  innocuous  substances,  and  the  water  being,  therefore, 
liable  to  run  down  through  fissures,  carrying  with  it  a  considerable  amount  of . 
impurity. 

2.  Where  there  is  a  suitable  loose  soil,  of  a  proper  consistence,  the  drainage- 
waters  may  be  used,  and  will  in  many  cases  be  purer  than  that  from  shallow 
wells.    But  there  are  some  qualifying  considerations,  thus  : — 

{a.)  Land-drainage  water  from  uncultivated  land  unmanured,  or  a  bare  fallow, 
may  in  most  cases  be  safely  used,  if  there  are  no  known  sources  of  contamination. 

(6.)  Land-drainage  water  from  lands  manured  with  chemical  substances,  such  as 
super-phosphates,  ammoniacal  salts,  &c.,  may  be  used  with  impunity. 

(c.)  Land- drainage  water  from  lands  manured  with  ordinary  farmyard  manure 
may  be  used  with  caution,  but  is,  generally  speaking,  likely  to  be  innocuous  whilst 
the  sui'face  is  covered  with  growing  crops. 

{d.)  Land-drainage  water  from  lands  manured  with  night  soil  or  town  drainage 
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had  better  be  avoided,  although  it  is  probable  that  even  this  is  purer,  if  from 
crouDed  land,  than  the  water  of  many  wells  in  surface  strata. 

T  tin  of  course  be  understood  that  land-drainage  waters  are  not  recommended 
as  sources  of  supply  if  better  can  be  obtained  ;  but  it  seems  likely  that  they  may  xn 
some  cases  provide  a  useful  means  of  obtaining  water  under  certain  conditions  and 
the  supply,  if  selected  with  care,  will  generally  be  purer  than  the  surface  village 
weU,  which  is  in  many  instances  in  fatal  contiguity  to  the  cesspool 

STORAGE  AND  DELIVERY. 

The  storacre  of  water  is  of  two  kinds— viz.,  that  on  a  gi'eat  scale  which  is 
inseparable  from  a  system  of  a  general  water-supply,  and  the  storage  in  or  near 
dwellings  in  small  tanks  and  cisterns.    In  ancient  times,  particularly  m  the  hot 
coantries  of  the  East,  the  collection  and  storage  of  water  was  one  of  the  great 
solicitudes  of  enlightened  rulers,  and  we  have  to  this  day  remains  of  gigantic  works 
in  our  own  dominions,  which  have  unfortunately  been  allowed  to  fall  into  decay. 
In  Ceylon,  for  instance,  there  is  still  existing  a  tank,  or  rather  artificial  lake,  no 
longer  used  but  in  tolerable  preservation,  which  has  a  circumference  of  40  miles. 
Such  a  tank,  if  only  six  feet  deep,  would  hold  an  ample  supply  (25  gallons  a  head 
daily)  for  about  twelve  millions  of  people.    We  have  no  modern  works  to  compare 
with  this,  but  the  storage  required  for  our  great  centres  of  population  is  still  very 
great.    Large  tanks,  or  reservoirs,  are  buUt  up  of  earth  or  masonry,  but  smaller 
tanks  are  made  of  various  materials.    The  cisterns  which  are  used  in  houses  are 
made  of  lead,  iron,  zinc,  slate,  &c.    Of  these  lead  and  zinc  ought  to  be  given  up, 
on  account  of  the  danger  of  their  yielding  metallic  poison  to  the  water.  Iron 
cisterns  are  also  undesirable,  unless  covered  inside  with  some  protective  material ; 
if  that  is  not  done,  the  iron  soon  becomes  eaten  into,  and  a  quantity  of  rust  is 
deposited.    The  water  becomes  red  and  unpleasant  to  both  sight  and  taste,  besides 
staining  clothes  that  are  washed  or  rinsed  in  it.    If,  however,  the  inside  be  lined 
with  cement,  of  which  there  are  many  good  kinds,  this  difficulty  is  got  rid  of.  The 
best  cisterns,  however,  are  those  of  slate,  provided  the  slate  is  put  together  with 
some  non-metallic  cement.    It  is  still,  however,  frequently  the  custom  to  set  the 
sides  in  lead,  a  convenient  process  for  the  maker,  but  very  dangerous  for  the 
consumer.    Concrete  and  artificial  stone  are  now  so  well  made  that  tanks,  baths, 
and  cisterns  may  be  made  of  them  with  advantage,  as  they  can  be  fashioned  in  one 
piece  without  any  joint  whatsoever. 

Cisterns  ought  to  be  covered  to  prevent  impurities  getting  in,  but  they  ought 
also  to  be  well  ventilated,  otherwise  the  water  in  them  is  apt  to  become  foul. 
Where  there  is  any  danger  from  frost,  they  ought  to  have  sloping  sides,  so  that  the 
bottom  is  smaller  than  the  top  ;  by  this  arrangement  water  freezing  has  room  to 
expand  upwards  and  outwards  without  endangering  the  integrity  of  the  cistern  ; 
whereas,  if  the  sides  were  perpendicular,  the  lateral  expansive  force  would  separate 
the  sides,  and  as  soon  as  a  thaw  came  the  house  would  be  flooded.  Cisterns  ought 
to  be  placed  in  convenient  positions,  well  lighted,  so  as  to  admit  of  frequent 
inspection,  and  they  ought  to  be  periodically  cleaned,  not  less  often  than  once  a 
quarter.  In  all  places  where  water  is  supplied  on  the  intermittent  system — that  is, 
where  it  is  turned  on  only  at  certain  times  of  the  day — cisterns  are  necessary,  in 
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order  to  store  sufficient  for  the  day's  consumption,  or  for  the  interval  between  the 
penods,  M^hatever  they  may  be.    In  all  cases,  storing  water  in  the  house  is  attended 
with  disadvantage,  as  it  becomes  exposed  to  sources  of  contamination  :  but  where 
It  IS  necessary,  as  above  shown,  our  object  must  be  to  make  those  dangers  as  few  as 
possible     Some  points  have  been  already  referred  to,  but  there  remain  others  of 
the  greatest  importance.    The  first  is  to  see  that  there  is  a  separate  cistern  for 
drinkmg  and  cooking  purposes,  having  no  direct  connection  with  any  water-closet  • 
second  each  closet,  or  set  of  closets,  must  be  supplied  from  a  special  cistern,  which 
should  have      tap  or  means  of  drawing  water  from  it,  except  by  the  pulling  of  the 
hancUe  for  the  flushing  of  the  closet.    The  best  plan  is  for  each  closet  to  hare  a 
small  service-tank,  or  water-waste-preventer,  which  is  discharged  each  time  the 
closet  IS  used,  filling  afterwards  from  the  special  cistern.    The  objections  to  the 
commoner  fonns  of  service-box  are  that  the  quantity  of  water  is  too  small,  and  that 
the  refilling  is  too  slow.     It  is,  of  course,  the  interest  of  water-companies  to 
prevent  too  great  expenditure  of  water ;  but,  on  the  other  hand,  a  free  supply  is 
essential  for  the  health  of  the  consumers.     Each  water-waste-preventer  ou-ht  to 
discharge  two  to  three  gallons,  and  to  be  capable  of  refilling  immediately  •  this  will 
ensure  a  good  scouring  out  of  the  pan  and  complete  washing  away  of  the  excreta. 
Cisterns  must  be  provided  with  overflow-pipes,  in  case  they  become  too  fuU;  but 
frequently  those  pipes  have  been  led  into  closet-pans,  D-traps,  or  into  the  drain 
Itself.    This  ought  never  to  be  the  case.    If  it  be  done,  foul  gases  are  pretty  sure 

to  pass  up  and  contaminate  the  water.  Cases 
of  diarrhoea  and  typhoid  fever,  not  to  mention 
other  diseases,  have  been  frequently  traced  to 
this  evil  practice.  All  overflow-pipes  should 
discharge  through  the  wall  into  the  open  air, 
over  a  grating,  covering  a  trap  that  leads  to  the 
drain ;  by  this  means  all  danger  is  avoided.  Sink 
and  bath  wastes  ought  also  to  discharge  in  the 
same  way.  Fig.  37 G  shows  the  overflow-pipe  of  a 
tank  or  cistern  as  it  ought  not  to  be,  and  Fig. 
377  as  it  ought  to  be  j  (a)  shows  a  tank  with  the 
overflow-pipe  discharging  directly  at  (e)  into  the 
drain  (d) ;  a  shows  a  similar  tank,  with  the  over- 
flow-pipe, B,  discharging  in  the  open  air  at  c, 
over  a  trapped  grating  leading 


to  the  drain,  D.  It  is  obvious 
that  in  the  former  case  any 
foul  air  from  the  drain  has  free 
and  direct  access  to  the  tank,  a, 
whereas  in  the  latter  any  foul 
air  that  might  arise  would  be 


Fig.  376.— "Water- waste  as  it  ought  not  to  be. 


dissipated  into  the  surrounding  atmosphere  without  affecting  the  water  in  A. 
Instead  of  the  kind  of  overflow-pipe,'  B  (technically  called  a  standing  waste),  a 
good  plan  is  to  have  an  overflow  or  warning  pipe  simply  taken  through  the 
nearest  outside  wall,  as  shown  by  the  dotted  line  at  e.  No  water  will  come  out 
of  tliis  pipe  unless  the  ball-cock  of  the  cistern  is  out  of  order,  and  if  it  is,  the 
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fact  of  the  water  spoutmg  into  the  open  air  will  caU  attention  to  the  defect. 
This  arrangement  is  now  generally  insisted  on  by  water-compames. 

DktMon  of  Water. -^\.^  distribution  of  water  by  means  of  pipe  to  dwellmgs 
is  quite  a  modern  arrangement,  and  in  many  places  it  does  not  yet  exist.  X^ot 
many  years  ago  in  Paris, 
the  greatest  city  in  the 
world  after  London,  Avater 
was  almost  entirely  dis- 
tributed by  hand,  a  supply 
being  obtained  in  buckets 
from  the  water-carrier  each 
morning.  The  inconveni- 
ence, not  to  say  danger, 
attending  such  an  arrange- 
ment is  obvious.  But  even 
where  a  general  supply  is 
provided  through  pipes 
there  are  various  modifi- 
cations which  greatly  affect 
the  advantages  and  conve- 
nience of  the  plans.  The 
plans  are  mainly  two — 
namely,  intermittent  dis- 
tribution with  storage  in 
the  house,  and  continuous 
or  constant  supply ,with  the 

water  in  the  pipes  always  at  high  pressure,  and  with  no  storage  within  the  house. 
We  have  already  seen  some  of  the  disadvantages  of  the  intermittent  system,  and 
to  these  we  may  add  the  want  of  water,  should  there  be  a  sudden  demand  for  it 
(as  in  case  of  fire),  and  the  cisterns  be  emptied  before  the  time  for  refilling  recurs. 
On  the  other  hand,  the  continuous  system  provides  water  at  all  times,  so  that  no 
storage,  with  its  attendant  dangers,  is  required.    But  there  are  still  points  to  be 
looked  to  connected  with  it.    In  the  first  place,  the  supply  must  be  reaUy  and 
truly  continuous,  and  not  so  only  in  name.    In  some  instances  this  has  not  been 
the  case,   the   supply   being  intermitted   for   various   reasons.     Under  those 
circumstances  it  has  happened  that,  the  suction  being  inwards,  the  pipes  have  drawn 
in  foul  gases  and  liquids  in  such  a  way  that  foecal  matter  from  closets  and  blood 
from  slaughter-houses  have  been  found  in  the  water.    Outbreaks  of  fever  arising 
from  this  cause  have  been  described  by  Dr.  Buchanan  at  Caius  College,  Cambridge, 
and  also  at  Croydon,  where  the  danger  was  actually  foreseen  and  warned  against  by 
Dr.  A.  Carpenter.    Of  course  the  pipes  ought  not  to  have  been  placed  in  such 
relations  to  sources  of  impurity  as  to  render  the  occurrence  possible ;  but  this  does 
not  excuse  the  imprudence  or  ignorance,  to  say  the  least,  which  allowed  or  ordered 
the  intermission.    Objections  have  been  made  to  the  constant  supply,  on  the 
ground  of  waste,  and  also  on  account  of  the  fear  that  the  more  expensive  fittings 
necessary  would  'be  stolen.    In  spite  of  these  objections,  a  large  number  of  towns 
are  already  supplied  on  the  constant  system,  and  it  is  to  be  hoped  that  ere  long  all 


Fig.  377.— Water-waste  as  it  should  be. 
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wJl  be  so  supplied.    In  actual  practice  it  has  been  found  that  the  constant  syst 
^  really  more  economical  than  the  intermittent,  because  the  fittings  nece ssarv 
better  in  kind  and  quality,  and  there  is  more  careful  inspection     There  s  ;ot 
much  danger  of  fittings  being  stolen,  because,  in  the  first  place  tha   coijd  on  v T 
done  at  the  price  of  flooding  the  house,  and,  secondly,  becauL  tTe  sa  olILZJonU 
be  easily  prevented  by  enactment.    As  regards  waste  from  not  turning  off  taps 
a  simple  way  of  preventing  that  would  be  to  allow  no  tap  to  be  over  aTink  so  tha; 
the  person  drawing  water  would  be  compeUed  to  turn  it  off  in  order  not  to  flood  the 
house.    It  IS  important  that  water  should  be  supplied  not  only  to  every  house  but 
to  every  floor  of  every  house,  and  this  is  especially  necessar/ where  a'bui^lL  i 
let  out  to  different  families  m  flats  or  tenements.    With  reference  to  the  .suppW°for 
close  s  on  the  constant  system,  the  use  of  a  water-waste-preventer  would  geT  M  o 
any  danger  of  contaminating  the  water-supply. 

3Ieans  of  I){stribution.-.The  ordinary  means  of  distribution  is  through  pipes  of 
various  kinds.    In  former  days,  when  the  population  to  be  supplied  was  modS  L 
amount,  pipes  were  often  made  of  wood,  hoUowed  out  of  trunks  of  trees  Such 
pipes  are  not  infrequently  turned  up  in  making  improvements  in  or  near"  towns. 
At  the  present  day  when  such  enormous  quantities  of  water  have  to  be  conveyed 
wooden  pipes  would  not  bear  the  pressure,  and,  accordingly,  all  the  mains  are  now 
made  of  iron.    Very  strong  and  good  pipes  can  now  be  made  of  concrete,  and 
perhaps  it  may  be  found  convenient  to  use  it  in  some  instances.    At  present  how- 
ever, nearly  aU  the  distributing-pipes  for  water  are  made  of  iron,  except 'those 
actually  m  the  house  itself.    There  are,  of  course,  objections  to  iron  pipes,  for  the 
same  reasons  as  those  urged  against  iron  tanks,  but  they  can  be  obviated  by  having 
the  pipes  glazed  inside.    A  bituminous  lining  is  also  used,  but  it  is  a  long  time 
before  the  tarry  taste  is  got  rid  of.    Perhaps  Barff's  process-namely,  coating  iron 
with  Its  magnetic  oxide— may  be  made  available.    At  the  same  time  it  may  be  stated 
that  iron  pipes  kept  constantly  full  soon  cease  to  yield  anything  to  water,  unless  tlie 
water  contains  nitrates.    Within  dwellings  leaden  pipes  are  more  or  less  generally 
employed,  and  are  indeed  insisted  upon  by  water-companies  for  the  prevention  of 
waste  in  case  of  bursting,  a  few  blows  of  a  hammer  being  sufficient  to  close  a  leaden 
pipe,  whereas  an  iron  pipe  would  be  much  more  difficult  to  deal  with.   Where  there 
is  merely  a  short  service-pipe,  from  which  any  water  that  has  lain  for  any  time  may 
be  drained  off  before  drawing  for  use,  it  is  of  less  consequence,  but  it  would  be 
infinitely  better  to  prohibit  the  use  of  lead  altogether.    Iron  pipes  are  cheap,  and 
may  be  rendered  impervious  to  the  effects  of  water,  whilst  dangers  of  loss  from 
bursting  may  be  obviated  by  having  them  properly  protected  from  frost,  and  by 
having  a  general  cock  by  which  the  water  could  be  turned  off  at  once  as  it  enters 
the  house.    Various  other  substitutes  for  leaden  pipes  have  been  proposed,  of  which 
we  need  only  notice  one  or  two.    Tin  (solid  block)  pipes  have  been  employed,  but 
they  are  very  costly.    In  some  buildings  (such  as  the  Royal  Victoria  Hospital  at 
Netley),  the  service  throughout  is  of  tin,  and  where  a  pipe  has  to  draw  from  a  well 
this  is  certainly  the  safest  material  to  use.   It  has  been  suggested  that  leaden  pipes, 
with  about  3  per  cent,  of  tin,  should  be  used,  it  being  stated  that  in  such  combina- 
tion lead  is  not  acted  upon.    I  think  it  would  be  very  unsafe  to  depend  upon  any 
such  arrangement,  and  I  believe  later  experience  has  shown  its  fallacy.    The  only 
safe  combination  of  lead  or  tin  is  the  tin-lined  leaden  pipe,  or,  as  it  is  called,  the 
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^sn-oas^t^^i^l.  .hich  the  tin  is  not  -^"ttCtfZT^:^^ 
tliickness  to  protect  tlie  lead  satisfactorily.    Of  course,  if  the  tin 
through,  the  Liger  Wd  be  increased,  because  ^^^TZ  ^^^^'^^^^- 
fvcm  tlip  presence  of  the  two  metals  in  contact  witii  water,  ana  ^ibc* 
™ld  be  'thTcrsequence.    Copper  pipes  lined  with  tin  ^-e  also  b-^^^^^^^^ 
but,  like  the'block-tin  pipes,  they  would  be  very  expensive.    For  ^^^  ^  waters  zmc 
has  been  employed,  such  waters  not  acting  on  zxnc  any  ^''^^J^^relllv't 
If,  however,  there  be  nitrates  in  the  water,  nothing  will  protect  metal  pipes,  except 
glazing,  or  the  use  of  some  non-metallic  coating. 
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CHAPTER  LXXVIII. 

PURIFICATION. 

FiUration-nmits  of  the  Process-Destruction  of  Bacteria-Substances  used  for  Fatration-Charcoal- 

Spongy  Iron-Carferal-Domestic  Filters.  axion-onarcoal- 

1^   large  quantities  water  is  generally   purified   by  subsidence  or  by  some 
arrangement  of  filter-beds.    Some  water-companies  do  not  take  the  trouble  to  fi  fe 
the  water  at  all,  and  too  many  do  it  imperfectly.    In  the  majority  of  nstan 
attention  xs  only  dxrected  to  the  turbidity  or  suspended  matter. '  How  imperfec  ly 
even  this  is  dealt  with  may  be  seen  by  the  reports  of  the  official  water-examiner^ 
whK-h  are  pubhshed  weekly  in  the  papers.    Unless  water  is  obtained  from  spW 
or  deep  wells,  it  is  hardly  possible  to  get  it  without  suspended  matter  at  certaL 
times,  such  as  during  or  after  heavy  rains;  but  provision  ought  to  be  made  for  this 
and  no  company  has  any  right  to  deliver  water  except  in  a  clear  condition,  and 
perfectly  free  from  sediment.    If  that  is  not  the  condition  of  the  water,  either  the 
hltermg-beds  are  inefficient  or  absent,  or  the  tanks,  reservoirs,  or  pipes  are  in  a 
dirty  state.    When  a  large  supply  is  filtered,  the  plan  is  to  allow  the  coarser 
substances  to  subside  in  a  tank  of  deposit,  and  then  to  pass  the  water  through  beds  of 
sand  and  gravel,  the  latier  of  varying  sizes.    The  London  companies  employ  chiefly 
beds  of  three  feet  in  thickness,  of  which  five  parts  are  sand  and  seven  parts  gravel 
The  filtiation  tanks  of  the  Vartry  for  the  Dublin  supply  are  seven  in  number, 
through  each  of  which  the  water  passes.    Even  this,  however,  would  seem  to  be 
sometimes  insufficient  to  prevent  the  passage  of  a  certain  amount  of  suspended 
matter.    Although  a  slight  influence  is  exercised  by  sand  for  a  short  time  upon 
dissolved  matter,  yet  the  greater  part  of  the  action  is  purely  mechanical,  and  after 
a  time  the  sand  must  be  Avashed.     This  is  done  by  means  of  a  machine  for 
the  purpose.    The  use  of  other  substances  besides  sand  and  gravel  has  been 
suggested,  and  in  some  instances  actually  put  in  practice— charcoal,  both  animal 
and  vegetable,  magnetic  iron  oxide  or  carbide,  spongy  iron,  carferal,  &c.— the  object 
being  to  arrest  dissolved  as  well  as  suspended  impurity.    It  is,  of  course,  best  to  liave 
a  supply  from  a  source  pure  enough  to  do  without  filtration,  although  in  most  cases 
some  mechanical  filtration  would  be  required.    But  where  there  is  any  chance  of 
dissolved  impurity,  it  would  certainly  be  well  to  employ  some  means  of  getting  rid  of 
it.    It  may  be  well  to  state  that  there  is  no  means  of  getting  rid  of  dissolved  mineral 
substances  in  excess,  except  carbonate  of  lime  by  the  chalk  process.    Sand  arrests 
hardness  and  common  salt  to  a  slight  extent,  but  only  for  a  short  time,  and  the 
same  may  be  said  of  all  other  substances  that  have  been  tried.    It  is,  therefore,  the 
organic  impurity  that  can  alone  be  dealt  with.    Animal  or  other  charcoal  has  not 
been  tried  on  a  large  scale,  and  would  probably  not  answer  in  the  long  run ;  the 
chief  reason  of  its  not  having  been  used  has  been  the  very  great  expense,  animal 
charcoal  (the  Vegetable  is  comparatively  powerless)  costing  about  £20  sterling  a  ton. 
But  magnetic  iron  (Spencer's)  has  been  in  use  at  Wakefield  for  a  number  of  years, 
and  is  said  to  have  answered  the  purpose.     Bischof's  spongy  ii-on  is  now  being 
applied  to  the  same  purpose  at  the  water-works  of  Antwerp,  and  carferal  is  likely 
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.  .e  W  in  a  Similar  All  tKo.  — 

ReclhiU,  where  so  large  a  number  of  cases  and  many  deaths  oocnrred^^o^  typhoid 
fever,  arising  from  pollution  apparently  almost  nxhmtesimal  in  ^^^"^^'j' 

In  dealing  with  water  on  a  small  scale,  there  are.  various  ways  of_  treating  it  so 
as  to  render  ft  fit  for  use,  should  there  be  reason  to  fear  its  cont-minf  -n.  They 
may  be  divided  into  two  classes,  viz:-l.  Purification  without  filtration,  and 

Purification  with  fiiltration.  i    c    n  •„  j;cfn-ll,-r.cy 

1  FuHfication  without  Filtration.-The  most  certain  method  of  all  is  distilling 
the  water,  and  next  to  that  boiling  only.  Distillation  is  an  abso  ute  protection,  as 
nothing  comes  over  in  the  process  but  water  and  such  volatile  matters  as  are 
capable  of  being  volatilised  at  the  temperature  of  boiling  water.  These  latter  are, 
of  course,  non-organised,  and,  therefore,  incapable  of  communicating  specific  disease. 
But  even  if  they  were  so,  the  heat  to  which  they  would  be  exposed  would  be 
sufficient  to  destroy  all  energy.  The  main  objection  to  distilled  water  is  its  vapid, 
flat- taste,  but  this  can  be  got  over  by  free  exposure  to  the  air,  as  is  done  on  board 
ship  by  Normandy's  apparatus.  By  this  means  ships  at  sea  can  be  supplied  with 
an  unlimited  amount  of  fresh  water  so  long  as  fuel  is  to  be  had.  In  times  of  war 
or  epidemic  this  would  also  be  an  invaluable  plan  of  obtaining  perfectly  wholesome 

Boiling  is  the  next  best  method,  although  it  does  not  necessarily  yield  so  pure  a 
substance^as  distillation.  It  gets  rid,  however,  of  most  of  the  carbonate  of  lime 
hardness,  and  it  efi-ectually  destroys  the  energy  of  all  organised  poisons— that  is, 
disease-poisons  capable  of  causing  such  diseases  as  typhoid  fever,  cholera,  or  others. 
This  view  has  been  doubted,  on  account  of  the  observed  fact  that  minute  organisms 
(known  as  Bacteria)  can  resist  a  temperature  much  above  that  of  boiling  water. 
Tyndall  has,  however,  shown  that  successive  heatings,  even  at  a  lower  temperature, 
will  efiectually  dispose  of  the  successive  crops  of  bacteria  as  they  come  to  the 
fructifying  stage.  It  may  be  further  pointed  out  that  it  is  not  only  not  certain  that 
those  organisms  are  connected  with  the  propagation  of  disease,  but  apparently 
pretty  well  made  out  that  they  are  at  least  themselves  in  no  way  the  actual  disease- 
germs.  We  may,  therefore,  rest  well  assured  that  no  disease-poison,  however 
vinilent,  will  resist  the  temperature  of  boiling  water,  and  that  water  so  treated  may 
be  taken  without  fear  of  bad  result,  even  though  it  may  have  been  previously 
seriously  contaminated. 

Exposure  to  the  air  is  another  means  of  purification,  but  it  is  more  efficient  if 
the  exposure  takes  place  in  finely-divided  currents.  At  the  same  time,  the  plan  is 
uncertain,  and  would  be  difficult  of  application  for  household  or  private  purposes, 
particularly  as  the  action  is  somewhat  slow. 

17ie  Addition  of  Substances  to  the  Water. — If  water  is  turbid,  especially  with 
fine  silt,  which  sometimes  quite  eludes  sand-filters,  the  addition  of  a  little  alum  will 
clear  the  water,  if  it  be  well  stirred  up  and  then  allowed  to  stand  quiet  for  a  little. 
The  quantity  used  must  be  small,  about  six  grains  per  gallon,  or  else  we  increase 
the  hardness  of  the  water  and  add  an  unwholesome  ingredient. 

Infusion  with  tea  and  other  astringent  vegetables  is  also  good  in  emergencies, 
and  generally  renders  organic  matter  harmless.    Cases  have  been  observed  where 
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typhoid  fever  has  been  apparently  spread  by  drinkincr-water~hnt  ^yTJ-  ' 
confined  to  those  Avho  drank  it  in  ite  ordinnr<.  f  '  ^''^^'^ 

in  the  form  of  tea  escaped.    In  such  a    "e  Vr^^^^^^^^^^  ''"^  '^^^ 

water  having  been  boile'd,  and  also  by  the  actirff  t^^^^^^^^  '"^'^^  ^^^^^^^ 
precipitating  agent.  ^  coagulating  and 

2.  Purification  with  Filtration.  The  usp  of  filf^o+,v  , 

already  been  referred  to,  and  we  have  not  t  T  ^ 

applicable  to  domestic  panoses     I  ITt  Z  '        ^'^^^^  '""^^^ 

oo^rse,  each  maker  thfks^o^^tlS^t^^^^^^^^  ^ Jt  ^^^d  t 

hut  positively  in  .rion^s  to  the^  ^^^^^^^ 

consumer.     Such  were  the  filters  containing  only  a  small  quant  ty  of  filterit 
matenal,  whxch  was  carefully  cemented  up,  so  that'  it  could  not  be  Jot  at  or  The' 
purposes  of  cleanxng  or  renewal.    It  is  essential  to  bear  in  mind  th^t  aU  fi Itei. 
material  is  limited  in  its  power,  both  as  to  bulk  and  as  to  time,.    A  small  quanS; 
m  proportion  to  a  large  bulk  of  water  will  become  soon  fouled  ;  a  W   q Zti  y 

nTtfon  tLt'al  ?h';  '^7^!!  ^  ^^"^^^^  too  oJten^^ 

no  ion  tha  all  tha  needs  to  be  done  is  to  get  a  filter  and  go  on  using  it  for.  an 
unlimited  time  without  any  other  precaution.  But  in  course  of  time  tfe  filterin" 
substance  will  become  so  highly  charged  with  impurity  that,  instead  of  removing 
organic  matter  from  the  water,  it  will  yield  what  it  contains  to  the  water.  In  this 
way  water  may  be  rendered  by  filtration  a  great  deal  worse  than  before,  and 
accidents  have  occurred,  such  as  attacks  of  diarrhcea,  from  the  use  of  water  di-awn 
from  dirty  filters.    The  substances  employed  for  filtrative  purposes  are  numerous 

(a)  Mechanical  Substances. ~8a.jid,  which  we  have  already  referred  to  fine 
gravel,  porous  stone,  ground  pumice-stone,  finely-ground  slag  (scorie  de  fonte),  &c 
Any  one  of  these  is  good  for  arresting  suspended  matter,  and  the  more  angular  the 
fragments  are,  apparently,  the  more  efficacious  they  are.     In  cases  of  river-water 
with  very  fine  silt  they  are  apt  to  choke.    They  have,  however,  very  Httle  action 
on  dissolved  matters,  either  mineral  or  organic.    In  some  cases  they  have  been 
used  in  combination  with  currents  of  air  under  more  or  less  pressure,  and  it  is  said 
that  this  is  capable  of  destroying  organic  matter  in  solution.    It  is  on  this  principle 
that  the  Chanoit  filter,  used  in  France,  is  made,  the  substance  used  being  the  scorie 
de  fonte,  or  ground  slag.    The  water  is  driven  into  the  filter,  which  is  a  strong  iron 
vessel,  through  a  layer  of  the  filtering-substance ;    the  pressure  compresses  the 
cushion  of  air  at  the  upper  part,  so  that  when  the  tap  is  opened  the  water  flows  out 
highly  charged  with  air,  and  sparkles  like  soda-water.    In  order  to  wash  the  filtering- 
material,  a  tap  at  the  lowest  point  of  the  filter  may  be  opened,  when  the  compressed 
air  will  at  once  drive  the  filtered  water  back  through  the  filtering-material,  carrying 
with  it  the  impurity  that  may  have  accumulated.    The  action  of  this  filter  has  been 
much  approved  of  in  France,  but  I  am  not  aware  of  any  conclusive  experiments 
that  have  been  made  to  ascertain  its  real  power  by  chemical  analysis  of  the  water. 

Another  mechanical  method  is  the  form  employed  in  the  Maignen  filter.  This 
has  been  employed  on  both  a  large  and  a  small  scale.  The  principle  consists 
in  exposing  a  very  extensive  relative  filtering-surface  to  the  water.  This  is  done  by 
stretching  asbestos  cloth  over  wooden  frames  placed  close  to  each  other.    AH  the 
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water  is  thus  compelled  to  pass  through  a  ^-'^'r'''V::'  f^^^^^^ 
filtering-power  may  also  be  increased  by  covering  the  cloth  with  some  of  the  mtermg 
powders  or  granules,  such  as  charcoal,  or  the  like.    When  the  Clark        ess  f or 
Llnlg  water  is  used,  the  carbonate  of  lime  depos^ed  forms  a  natural  fi^ermg^ 
medium:  which  assists  the  process.    The  Maignen  filter  xs  very  ^J^  ^J^^^^^ 
filtering-cloths  may  be  fx-equently  and  easily  changed  and  cleaned     Acting  alone 
however,  it  is  at  least  doubtful  if  dissolved  substances  would  be  much  afi-ected 

In  a  -ood  many  filters  sponges  are  used  to  stop  the  suspended  matter  and 
prevent  the  filter  being  clogged,  but  this  is  not  a  good  plan.  The  sponge  is  apt  to 
aet  soon  foul,  and  requires  constant  attention  and  frequent  cleaning  and  renewaL 
A  plug  of  asbestos  is  the  best  substance,  as  this  may  be  purified  by  being  heated  to 

X*G(illGSS 

(b)  Substances  supjMsed  to  act  Chemically  as  well  as  Mechanically.— Oi  these  the 
best  known  and  most  frequently  used  up  to  the  present  time  are  the  various  forms 
•of  charcoal.  Common  wood  charcoal  has  been  tried,  but  experiment  has  shown  that 
its  power  is  very  limited,  as  it  has  but  little  influence  over  dissolved  organic  matter, 
.and  very  slight  power  of  removing  colour  from  water.    Peat  charcoal  and  sea^weed 
charcoal  app°ear  to  be  more  useful  in  those  respects.    None  of  them,  however,  are  at 
&\\  equal  to  animal  charcoal,  a  substance  prepared  by  calcining  bones,  crushed  to 
fragments,  in  closed  vessels,  air  being  carefully  excluded.    The  resulting  substance 
is  black  and  granular,  and  consists  of  ten  to  twelve  per  cent,  of  carbon  and  the 
remainder  of  mineral  matter,  chiefly  phosphate  of  lime.    There  is  also  a  good  deal 
•of  nitrogen  contained  in  the  pores  of  the  substance.    Animal  charcoal  has  very 
considerable  power  in  removing  dissolved  organic  matter  and  colouring-matter  from 
solutions.    This  it  appears  to  do  both  by  its  porosity  and  also  by  the  fact  that  it  is 
■capable  of  absorbing  and  retaining  oxygen  to  a  very  great  extent,  in  fact  to  the 
•extent,  it  has  been  stated,  of  one  thousand  times  its  own  bulk.    Analysis  has 
shown  that  the  organic  matter  is  actually  acted  upon  by  this  oxygen,  and  con- 
verted into  harmless  products.     If  this  were  all,  nothing  better  than  animal 
charcoal  need  be  required  for  filtration,  and,  indeed,  it  still  forms  a  valuable 
substance  if  it  be  used  with  care  and  judgment.    But  it  has  disadvantages  of 
.a  serious  character.    If  water  filtered  through  it  be  stored  for  any  length  of  time,  it 
is  apt  to  undergo  change  for  the  worse.     Organisms  begin  to  develop — minute 
moving  bodies  and  low  forms  of  plants — ^which  render  the  water  ofi'ensive.  It 
is  also  observed  that  water  left  long  in  contact  with  the  charcoal  is  apt  to  take  back 
impurities  from  it,  and  ultimately  to  become  worse  than  before.    It  is,  therefore, 
■clear  that  the  oxidation  of  the  organic  matter  is  not  complete,  and  that  either 
minute  germs  may  pass  through  the  charcoal,  or  that  it  yields  to  the  water  sub- 
stances which  favour  the  propagation  of  germs  absorbed  from  the  atmosphere. 
Probably  both  conditions  are  at  work,  the  substances  yielded  being  phosphates 
.and  nitrogen.    Another  point  of  great  importance,  bearing  upon  this  part  of  the 
question,  is  that  fresh,  and  we  may  say  vital,  organic  matter  is  only  partially 
.arrested  by  charcoal,  fresh  white  of  egg,  for  instance,  passing  through  with  con- 
.siderable  ease.    Charcoal  is  used  either  in  minute  fragments  or  made  into  solid 
blocks.    Both  act  well,  with  the  above  limitations ;  but  the  looser  form  appears  to 
.be  much  the  better  of  the  two,  as  the  blocks  are  apt  to  clog,  and  require  a  good  deal 
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Of  looking  aftei-  and  cleaning.  Attempts  have  been  made  to  remove  some  of  the 
objectionable  substances  from  animal  charcoal  by  treating  it  with  acids,  so  as  to  dis- 
solve out  the  hme  phosphate,  but  this  has  only  partially  succeeded 

To  clean  charcoal,  the  best  plan  is  to  take  it  out  and  re-heat  it  to  low  redness  ■ 
""Vi  ''7°^  convenient,  it  ought  to  be  boiled  with  about  half  a  pint  of  Condy's 
red  fluid,  and  a  tea-spoonful  of  oil  of  vitriol  to  a  gallon  of  water.    After  that  the 
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Fig.  379. 


water  may  be  strained  off,  some  clear  distilled  water  poured  through,  and  then 
the  charcoal  spread  out  and  dried  in  the  sun.  If  the  filter  is  a  closed  one,  the 
substances  above  mentioned  may  be  passed  through  it  the  reverse  way — that 
is,  pouring  them  in  at  the  tap  to  come  out  at  the  top,  finishing  up  with  a  gallon  or 
two  of  distilled  water. 

Having  regard  to  the  objections  to  animal  charcoal,  other  substances  have  been, 
proposed,  such  as  spongy  iron,  magnetic  carbide,  carbonised  ii'onstone  earth,  car- 
feral,  ifec.  Probably  many  substances  will  be  found  of  use  in  the  course  of  future 
inquiries.  At  present  I  shall  confine  my  remarks  to  two  only — namely,  spongy 
iron  and  carferal,  as  I  have  personally  investigated  them.  Spongy  iron  is  obtained 
from  ii-on  ore  by  calcination.    It  is  a  granular  substance,  very  porous,  and  much 
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resembling  animal  charcoal  in  appearance.  It  takes  oxygen  from  water,  and  by  its 
means  organic  matter  is  oxidised  and  destroyed.  It  is  apt,  however,  to  yield  a  Httle 
iron  to  water,  but  this  can  be  got  rid  of  by  passing  the  water  aftei-wards  through 
prepared  sand,  a  mixture  consisting  of  fine  gravel  and  pyrolusite,  which  is  a  crude 
oxide  of  manganese.  For  complete  action,  water  requires  longer  exposure  to  spongy 
iron  than  to  animal  charcoal,  but  with  a  filter  of  sufficient  size  this  delay  is 
unimportant,  at  least  for  domestic  purposes.  Spongy  iron  yields  nothing  to  the 
water  which  tends  to  make  it  become  bad,  and  it  may,  therefore,  be  stored  or  left  in 
contact  with  the  filtering-material  with  impunity.  Fig.  378  shows  one  of  the  forms 
of  filter  convenient  for  domestic  use.  Fig.  379  shows  another  adapted  for  connection 
with  a  supply-pipe  P,  the  filling  being  controlled  by  means  of  a  ball-cock  o,  L,  G.  The 
principle  of  the  two  is  identical,  the  upper  part  containing  the  spongy  iron,  the  next 
compartment  the  prepared  sand,  and  the  lowest  the  cistern  or  receptacle  for  filtered 
water.  There  is  an  arrangement  for  keeping  the  water  at  a  certain  level,  so  as  to 
cover  the  'spongy  iron,  for  unless  this  is  done  it  is  apt  to  cake  and  harden,  and 
require  removal.  The  rate  of  filtration  is  controlled  by  means  of  the  small  tube 
(of  junction)  G,  in  which  a  minute  hole  is  drilled.  The  average  time  of  exposure  of 
the  water  to  the  filtering-medium  is  about  22  minutes.  The  materials  do  not  require 
to  be  renewed  more  frequently  than  once  a  year,  even  in  the  case  of  rather  impure 
waters. 

Carferal  is  a  substance  the  details  of  the  manufacture  of  which  have  not  yet 
been  made  public,  but  its  basis  is  alumina  (clay),  with  a  little  iron  and  carbon.  It 
is  a  fine  black  granular  substance,  and  has  a 
powerful  influence  in  removing  organic  mat- 
ter, and  in  decolorising  solutions.  It  yields 
nothing  to  the  water,  which  may  be  stored 
after  filtration  without  danger  of  deteriora- 
tion. It  has  been  used  in  the  filters  designed 
for  the  public  service  by  Lieut.-Colonel 
Crease,  C.B.,  Royal  Marine  Artillery.  Fig. 
380  shows  a  section  of  a  filter  which  is  cylin- 
drical in  form,  but  larger  filter-tanks  are  made 
square  or  oblong.  There  is  no  reservoir  re- 
quired, but  merely  a  perforated  plate  at  the 
bottom.  Upon  this  the  filtering-medium  (c)  is 
placed,  and  this  covered  with  another  plate, 
which  is  screwed  down  to  any  required  degree 
of  compression  by  means  of  the  handscrew  (f) 
working  on  the  upright  rod. 

The  greater  the  compression,  the  more 
closely  packed  is  the  carferal,  and  the  longer 
the  water  in  going  through.    Fig.  381  shows 
the  filter  adapted  in  connection  with  a  water- 
supply.    The  simplicity  of  these  filters  is  an  advantage,  and  the  material  can  be 
easily  got  at  for  purposes  of  cleansing  or  removal.    Carferal  may  be  exposed  to  a 
low  red  heafc,  or  boiled  in  distilled  water,  and  so  rendered  fit  for  use  again.  With 
ordinary  waters,  once  a  year  would  be  sufficient  for  renewal 
55 


Fig.  380.— Carferal  Filter. 
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The  Maignen  filter  may  be  converted  into  a  chemical  one,  particularly  in  the 
domestic  form,  or  "Bijou"  filter,  by  using  any  of  the  filtering-materials  mentioned 
The  filtering  efiect  will,  of  course,  depend  upon  the  amount  of  the  medium  uHed; 

the  form  of  the  filter, 
and  the  ease  with  which 
the  filtering-material  can 
be  renewed,  are  advan- 
tages attending  its  use. 

There  are,  of  course, 
other  filters  which  are 
efficient,  but  it  is  a  good 
rule  to  lay  down  to  have 
nothing  to  do  Avith  any 
filter  where  the  material 
is  sealed  up  so  that  it 
cannot  be  got  at  without 
taking  the  filter  to  pieces. 
It  is  also  necessary  to 
bear  strictly  in  mind 
that  the  best  filter  is 
limited  as  to  power,  and 
especially  as  to  time. 
Every  filter  ought  to  be 
carefully  inspected,  and, 
at  periodical  times,  the 
material  ought  to  be  removed  and  thoroughly  cleansed,  if  that  be  possible ;  and 
if  it  cannot  be  cleansed,  a  fresh  supply  ought  to  be  substituted  for  it.  The  small 
expense  incurred  in  this  way  is  a  wise  outlay,  in  order  to  secure  immunity  from 
dangers  that  are  otherwise  certain  to  arise  sooner  or  later. 
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CHAPTEE  LXXIX.* 

RAINFALL  AND  PKRCOLATION. 

Water-bearing  Strata — Kain-gauge— Amount  of  Eainfall — Percolation-gauge— Amount  of  Percolation— 
Relation  between  Eainfall  and  Percolation — Conditions  which  influence  Percolation. 

The  health  and  comfort  o£  a  community  is  so  entirely  dependent  upon  a  supply  of 
pure  water  that,  as  Prof.  Prestwich,  P.R.S.,  has  well  pointed  out :  "  The  site  of  a 
spring  or  the  presence  of  a  stream  determined  probably  the  first  settlements  of 
savage  man,  and  his  civilised  descendants  have  continued  until  the  last  few  years 
equally  dependent  upon  like  conditions — conditions  connected,  firstly,  with  the 
rainfall,  and,  secondly,  with  the  distribution  of  the  permeable  and  impermeable 
strata  forming  the  surface  of  the  country." 

London  is  a  striking  instance  of  this.  It  stands  on  a  bed  of  gravel  varying 
in  thickness  from  ten  to  twenty  feet,  overlying  strata  of  impermeable  clay.  This 
bed  of  gravel  formed  an  easily-accessible  underground  reservoir,  feeding  innumerable 
shallow  wells,  and  also  giving  rise  to  a  number  of  springs,  such  as  those  of  Bagnigge 
"Wells,  Holywell,  Clerkenwell,  St.  Chad's  "Well,  and  others.  The  early  growth  of 
London  followed  unerringly  the  direction  of  this  bed  of  water-bearing  gravel 
through  "Whitechapel  to  Bow,  through  Hackney  to  Clapton  and  Stoke  ISTewington, 
and  through  Kensington  to  Chelsea  ;  wliile  it  came  to  a  sudden  termination  for 
many  years  at  Clerkenwell,  Bloomsbury,  Paddington,  and  Bayswater,  where  the 
bed  of  gravel  abruptly  terminates,  and  the  London  clay  comes  to  the  surface.  Here 
and  there  in  the  midst  of  the  London  clay  there  were  a  few  outliers  of  gravel,  such 
as  those  at  Islington  and  Highbury,  and  on  these  outliers  habitations  followed.  In 
the  same  way,  on  the  outskirts  of  London,  a  succession  of  towns  and  villages  grew 
up,  following  for  miles  the  great  beds  of  water-bearing  gravel,  whereas,  with  the 
exception  of  Kilbum,  hardly  a  house  was  to  be  met  with  forty  years  ago  between 
Paddington  and  Edgeware,  where  the  London  clay  cropped  up  to  the  surface. 

The  introduction  of  a  public  water-supply  rendered  wells  no  longer  necessary 
for  each  house,  and  thus  removed  the  barrier  which  prevented  the  extension  of 
dwellings  beyond  the  gravel.  Then,  and  not  till  then,  London  began  to  gi-ow  in 
the  clay  districts. 

In  the  following  chapters  it  is  not  intended  to  deal  further  with  the  question  of 
town  water-supply,  but  only  to  consider  the  water-supply  to  country  houses  and 
homesteads.  In  the  great  majority  of  these  the  occupants  are  dependent  either 
upon  wells  or  springs,  which  derive  their  supply  from  the  water  stored  in  the 
various  permeable  strata;  and  we  therefore  propose  to  consider  somewhat  care- 
fully the  conditions  affecting  the  distribution  of  underground  water. 

It  seems  almost  a  truism  to  state  that  all  sources  of  water-supply  are  derived 
from  rain  which  falls  on  the  surface  of  the  ground  ;  yet  scientific  men  formerly  held 

*  This  and  the  foUowing  chapters  are  contributed  by  Rogers  Field,  B.A.,  M.  Inst  0  E   Y  P  M  S 
and  J.  "Wallace  Peggs,  Assoc.  M,  Inst.  O.E.,  F.M.S.  "  *   '  *' 
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a  different  opinion,  and  even  now  many  people  do  not  sufficiently  realise  this  funda- 
menta   principle     It  is  self-evident  that  rivers  and  surface  streams  come  from 
ram but  with  reference  to  undergi-ound  water  the  matter  is  not  quite  so  clear  and 
a  curious  opinion  formerly  prevailed  very  generally,  that  springs  and  underground 
sources  came  from  the  sea.    It  was  supposed  that  the  sea  penetrated  into  the  strata 
ormmg  its  bed,  and  through  them  was  conveyed  to  a  great  distance  under  the  land 
being  so  thoroughly  filtered  in-  its  passage  that  it  lost  its  saltness.    It  was  also 
supposed  that  a  portion  of  the  sea-water  descended  to  great  depths,  where  the 
central  heat  of  the  earth  acted  on  it  and  converted  it  into  vapour,  when  it  rose 
upwards  through  the  fissures  of  the  rocks,  became  condensed  again  as  it  approached 
the  surface,  and  finally  issued  in  the  form  of  springs.    It  is,  of  course,  now  known 
that  all  this  IS  entirely  erroneous;  but  an  indefinite  notion  still  sometimes  exists 
tliat  deep  springs  come  from  some  mysterious  source,  such  as  the  "Mother  Spring" 
referred  to  by  well-borers. 

1^0  doubt  the  sources  of  deep  springs  are  often  in  one  sense  mysterious,  viz 
that  the  water  which  feeds  them  percolates  from  great  distances,  and  that  it  is  often 
very  difficult,  if  not  impossible,  to  point  out  the  precise  locality  where  the  rain 
which  supplies  this  water  passes  into  the  ground.  At  the  same  time  the  fact  is  well 
estabUshed  that  the  supply  is  due  to  rain  falling  on  the  surface  of  the  gi'ound  some- 
where, and  is  limited  by  the  amount  of  this  rain,  so  that  any  expectation  as  to  the 
amount  of  water  which  can  be  obtained  from  deep  boring,  without  taking  this 
circumstance  into  account,  will  very  likely  result  in  disappointment. 


RAINFALL. 

As  all  sources  of  water-supply  are  derived  from  rainfall,  it  is  important  to  con- 
sider this  subject  before  proceeding  to  the  various  sources  of  supply  tliemselves. 
The  amount  of  rainfall  varies  enormously  in  different  parts  of  the  world.  In 
England,  for  instance,  the  average  rainfall  is  only  30  inches  during  the  entire  year ; 
whereas  at  Cherrapongee,  in  India,  more  than  this  amount  has  been  known  to  fall 
in  a  single  day,  the  average  fall  for  the  entire  year  being  493  inches.  On  the  other 
hand,  there  are  some  portions  of  the  world  where  rain  never  falls. 

It  will  be  useful,  in  the  first  place,  to  explain  briefly  how  rainfall  is  measured. 
The  apparatus  employed  for  this  purpose  is  called  a  rain-gauge,  and  it  has  beeu 
ascertained  that  it  does  not  matter  much  what  the  size  of  the  gauge  is  as  long  as  it  is 
not  less  than  3  inches  in  diameter.  The  usual  size  of  gauge  used  for  rain-collection 
is  either  5  inches  or  8  inches  diameter,  and  the  amount  of  rain  is  always  recorded 
as  depth  in  inches  and  decimals. 

The  most  generally  useful  kind  of  rain-gauge  is  that  shown  in  Fig.  382.  It  con- 
sists of  a  deep  cylinder,  a  a,  surmounted  by  a  brass  rim,  b  b,  which  is  truly-turned 
to  ensure  it  being  a  perfect  circle  and  of  proper  area.  The  cylindrical  part  from  a  to 
c  is  about  five  inches  deep,  and  is  made  for  catching  snow.  At  c  the  funnel-shaped 
part  is  provided  for  conducting  the  water  into  the  bottle  at  d.  This  bottle  is  so 
placed  as  to  be  out  of  the  influence  of  frost  and  evaporation.  The  water  collected 
in  the  bottle  is  poured  out  into  the  measuring  glass  e.  The  area  of  this  glass  bears 
a  known  proportion  to  the  area  of  the  rain-gauge,  and  the  graduations  of  the  glass 
are  arranged  so  as  to  give  the  depth  of  rain  which  has  fallen  on  the  gauge.  Usually 
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Fig.  382. — Eain-gatige. 


e«ch  g,Wuatio.  of  the  glass  represents  one-bundrecUh  of  -  ""I;"*  ^^^^^  -  *t 
gauge  Should  the  collecting-bottle  (d)  at  any  tiine  becorne  °™8 /"^  »2a 
Ml  of  rain  it  will  overHow  into  the  lower  part  of  the  oyhuder  » and  the  ma 
"us  coSleld  can  be  properly  measured.    Many  valuable  re^rds  of  ra^aU  have 

been  lost  from  the  receiving-bottle  being  too 
small  and  no  provision  being  made  to  catch  the 
overflow". 

The  distribution  of  rain  over  the  British 

Isles  varies  considerably,  as  shown  by  the  com- 
plete records  of  rainfall  we  now  possess  in  this 

country  owing  to  the  indefatigable  exertions  of 

Mr.  G.  J.  Symons,  F.R.S.    The  eastern  part 

of  England— that  is  to  say,  east  of  a  line  from 

Newcastle  to  a  point  in  the  Thames  valley  near 

Reading— has  an  average  rainfall  of  less  than 

25  inches  per  annum.     The  portion  west  of 

this  Hne,  and  also  along  the  south  coast,  has 

a  greater  average  rainfall,  varying  from  30  to 

40  inches  per  annum,  with  districts  sucli  as  the 

Cumberland  and  Welsh  Mountains  and  Dart- 
moor having  amounts  above    75  inches  per 

annum,  and  reaching  in  one  case  to  nearly  200 

inches  per  annum. 

The  amount  of  rainfall  not  only  varies  in 
different  districts,  but  also  with  the   season  of  the  year.     It  has  been  often 

stated  that  the  amount  of  rain  falling  in  winter  is  on  an  average  greater 
than  the  amount  in  summer;  but  upon  a  careful  examination  of  the  ramfall 
records  it  wiU  be  found  that  this  statement  is  not  strictly  accurate.  We  find 
that  in  England  the  districts  having  a  low  average  rainfall— that  is  to  say,  from 
20  to  25  inches— have  the  greater  part  of  the  rain  falling  in  the  summer  months  ; 
and  districts  having  an  average  rainfall  of  from  25  to  30  inches  have  an  equal 
amount  of  rain  summer  and  winter.  Districts  with  an  average  rainfall  above 
30  inches  have  the  most  rain  in  the  winter.  In  Scotland,  in  districts  of  low  as  well 
as  of  heavy  rainfall,  the  winter  rainfall  is  greater  than  the  summer  rainfall. 

The  amount  of  rainfall  in  a  mountainous  district  is  usually  greater  than  in  a 
flat  district,  and  it  may  be  stated  as  a  general  rule  that,  within  certain  limits,  the 
greater  the  elevation  of  the  land  the  gi-eater  the  rainfall.  From  this  we  might  expect 
that  a  rain-gauge  placed  on  the  roof  of  a  house  or  the  top  of  a  tower  would  collect 
more  rain  than  a  gauge  placed  on  the  ground,  but  precisely  the  contrary  has  been 
found  to  be  the  case.  Dr.  Heberden,  F.R.S.,  placed  a  rain-gauge  on  the  top  of  one 
of  the  towers  of  Westminster  Abbey,  more  than  one  hundred  years  ago,  and  found 
that  the  amount  of  rain  collected  on  the  top  of  the  tower  was  very  little  more  than 
half  that  collected  on  the  ground.  Observations  which  were  made  on  a  rain-gauge 
l)laced  on  the  top  of  York  Minster  by  Prof.  Phillips,  P.RS.,  in  1832-35,  gave 
similar  results ;  and  since  that  time  numerous  observations  have  been  made  with 
rain-gauges  on  high  buildings  and  isolated  poles,  all  of  which  show  that  the  rain 
collected  decreases  with  the  elevation  above  the  ground.    This  apparently  para- 
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doxical  result  has  greatly  puzzled  metewd^^i^^       '.  '  

tions  have  been  su-aested     It         i..  f  ingenious  explana- 

reallyno  decrease  of  at  ^ll^t  S  ^^^^^^  ^'^^^  - 

fact  that  a  gau^e  placed  an  eLU  .  t  ""^P""""'  diminution  is  due  to  the 
the  rain  th^t  fallsf  a  ceLX^^^^^^^^^  does  not  collect  all 

For  purposes  oi  wat ""uppTy  it T  not  ^  "t^^^^-^^^^^  gauge  by  the  wind, 
but  we  ^ust  know  t}l  Zl!ll  Z     i  *°  ^"^^        ^^^-ge  rainfall, 

years.    From  an  elaltalbnTf  1'  °'  ^"'^ 

appears  that  the  rainfTof  the  Ltff  '  '^^^^^^^  Pl^<^«^'  it 

Jt  of  the  driest  yeaf  I  t  alsume  thT'  '  ^1^1'^  '^'"^^  ^^^^  ^^-^^^ 

double  that  of  thi  dnest  we  obtr  the  Z  '  ^^^^  *° 

exceedingly  useful  in  practicl  approximate  rule,  which  is 

The  faU  in  the  driest  yea^  wffl  be  one-third  less  than  the  mean  faU 
"  „        more       „  „  ' 

jelZmZui^^.  TndTT.  °'       ''^^^^^^  ''''  -  driest 

year  Just  do^He  t^e"  ^^^^  ^^^^  ^he  wettest 

PERCOLATION. 

Of  i^'tirchfflf  f  '''''  'T       ^'^"'^  ^       ^^^"^  -  disposed 

L'tlfilto  tW             f  """'^  P'^'""         °^  -d  finds  its'way 

lit  bv  Pv     *^^.«^^^^^«/^d  rwers;  another  portion  is  taken  up  by  vegetation,  or 

Srnf  t       ^  .^^^<=h  f««d  the  springs  that  are  met  with  in  nearly  every 

thT!:T^\  ^T.      by  vegetation  or  evaporated,  and  the  remaining  third  sinks  into 

Irln  r   '  '''''  ^^'^^^^      '^^^^^  ^"^^      approximation  to  the  truth,  as  the 

pxoportions  differ  enormously  in  different  cases,  and  at  different  seasons  of  the  year 
in  a  Hilly  and  mountainous  country  much  more  water  will  evidently  flow  off  the 
surface,  and  much  less  be  evaporated,  tkm  in  a  flat  country.  In  a  district  con- 
sisting chiefly  of  retentive  clay,  hardly  any  of  the  rainfall  will  sink  into  the  ground 
whereas  m  a  district  composed  of  permeable  gravel  or  sand  a  very  large  proportion 
of  the  rainfall  may  be  absorbed  by  the  subsoil.  In  tropical  climates  evaporation 
will  be  much  greater  than  in  cold  climates,  and  even  in  the  same  country  evapora- 
tion will  be  much  greater  in  summer  than  in  winter. 

Extensive  observations  have  been  made  in  different  parts  of  England  on  the 
proportion  of  the  rainfall  which  flows  off  the  surface  and  can  be  collected  and  stored 
in  reservoirs  for  the  supply  of  towns ;  and  very  interesting  results  have  been 
obtained.  As,  however,  this  mode  of  supply  is  seldom  adopted  for  single  houses,  wc 
do  not  propose  to  go  into  the  question  of  the  flow  off  the  surface  ;  but  wiU  confino 
our  attention  to  the  water  which  sinks  into  the  ground,  and  feeds  the  springs  and 
wells  from  which  most  country  houses  derive  their  supply. 

To  determine  the  proportion  of  the  rainfall  which  percolates  into  the  subsoil  is 
a  much  more  difficult  matter  than  to  determine  the  proportion  which  flows  off  the 
surface  of  the  ground.  In  the  case  of  surface-flow,  the  precise  extent  of  the  watei- 
shed  or  area  from  which  a  stream  derives  its  supply  can  be  easily  ascertained  from 
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:::^io.  of  tl.e  g^und,  and  then  — 
on  this  watershed,  and  measuving  ^l^^^^^flX IZl^^^^^^ 
proportion  of  the  rainfall  that  runs  off  the  land  can  seldom 
acciiracy    In  the  case  of  percolation,  on  the  other  hand   tins  ^^etl^o^ 
: ^Hcllie.    The  area  fron.  Lch  a  spring  derives  ca^^^^^^^  rf  ^^^ent^ 

instances)  be  ascertained  from  a  mere  examination  of  the  ground  and  J  ^ 
cannot  be  ascertained  at  all  with  any  certainty.  The  ^-^^/^^ J  ~s  b^^ 
therefore  generally  been  determined,  not  by  the  measurement  of  ^^^^^^  W' 
Ty  observrtions  on  artificial  gauges.  The  apparatus  used  is  tnat  kno^vn  as  th  Dalton 
Zu^e,  from  the  celebrated  Dr.  Dalton,  of  Manchester,  who  firs  employed  it  The 
consists  of  a  watertight  vessel,  open  at  the  top,  and  filled  with  the  soil  to  b 
experimented  on.  This  vessel  is  placed  in  the  open  air,  and  is  so  an-anged  that  the 
ra^  which  falls  on  it  percolates  through  the  soil  in  the  vessel,  and  is  collected  m  a  recep- 
tacle at  the  bottom,  so  that  the  amount  which  percolates  can  be  regularly  measured. 
In  the  original  gauge  used  by  Dr.  Dalton  there  was  an  ovevflow-pipe  provided,  to 
take  the  water  that  flowed  off  the  surface  without  percolating,  and  this  surface- 
water  was  collected  in  a  separate  bottle,  and  the  two  quantities  added  togethel^  so 
that  the  total  represented  the  quantity  derived  from  both  sources-surface  overflow 
as  weU  as  percolation.  The  gauges  constructed  since  Dr.  Dalton  s  time  generally 
have  no  overflow-pipe,  but  are  so  arranged  that  the  whole  of  the  water  has  to  per- 
colate through  the  soil.  An  ordinary  rain-gauge  is  set  up  by  the  side  of  the  Dalton 
aauge,  so  as  to  compare  the  percolation  with  the  rainfall. 

The  following  Table  gives  an  abstract  of  some  of  the  results  that  have  been 
obtained  by  different  observers  in  different  localities.  It  will  be  noticed  that  the 
year  is  not  divided  in  the  usual  way,  but  made  to  commence  with  October  and  end 
with  September,  the  first  six  months  (October  to  March)  being  called  winter,  and  the 
second  six  months  (April  to  September)  being  called  summer.  The  reason  for  this 
pecuHar  arrangement  is  that  if  has  been  found  that  by  far  the  greater  portion  of  the 
percolation  takes  place  in  the  six  winter  months  October  to  March,  and  very  Httle 
in  the  summer.  The  division,  therefore,  which  has  been  adopted  gives  a  better 
insight  into  the  question  of  percolation  than  the  usual  division. 

TABLE  I. 


Dalton. 

Evans. 

Lawes  & 
Gilbert. 

Greaves. 

Dickin- 
son. 

Evans. 

Greaves. 

Soil. 

Soil. 

Eather 
Heavy 
lioam. 

Soil. 

Gravel, 
Sand  and 
Soil. 

Chalk. 

Sand. 

3  Years. 

7  Tears. 

5  Years. 

14  Years. 

18  Years. 

7  Years. 

14  Years. 

Winter.     I  Rain  .... 
October  to  I  Percolation 
March.      (  DifiFerence  or  Loss  . 

Inches. 
14  2 
5-8 
8-4 

Inches. 
11-9 

4-6 
7-3 

Inches. 
13-4 
7-7 
5-7 

Inches. 
13-6 
7-2 
6-4 

Inches. 
13-8 
8-6 
5-2 

Inches. 
11-9 
6-9 
50 

Inches. 
13-6 

12-4 
L2 

Summer.    ( Rain  .... 
April  to    <  Percolation 
September.  (  Difference  or  Loss  . 

19-4 

S-G 
16-8 

14-6 

1-2 
13-4 

14-5 

2-6 
11-9 

12-1 

2-6 
9-6 

12-8 

0-5 
12-3 

14-6 

S-0 
11 '6 

12  1 

9-1 
3  0 

I  Rain  .... 

Entire  Year.  I  Percolation 

(  Difference  or  Loss  . 

33-6 
8-4 
25-2 

26-6 

6-8 
20-7 

27-9 

10-3 
17-6 

26-7 
9-7 
16-0 

26-6 

9-1 
17-5 

26-5 
99 
16 -G 

26-7 

21-5 
4-2 
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08.  ""^t::^:^:::^^ 

stead.  Hertfordshire,  in  the  yea  s  13  ^  I860    If  ^^"^^^  ^^P" 

observations  ^.ere  made  at  Rothampstead  Herfwi  1  ^^"^'^  ^""^  ^'^^'^'^ 

Mr.  Greaves'  observations  were  caS  out  a^Lel  1^  ^  ^^^^-^S^S. 
1 873.  Mr.  Dickinson's  observatlns  wer  Ide  TT'^  Z^i  "  ^^^O" 
1835-1853.  All  the  observations  exr^t  Ze  of  M  t^'"'  ^'^'^ 
made  with  the  Dalton  gan^e  Ztilc^^^A^r'^^^^^^^ 
Dalton's  and  Mr.  DickinsonWulfi?^^^  ^^"^  ^'^^  '''^  "^'^^^  material,  Dr. 
is  included  in  the  vtZZ  n'^l  tZTu^^^^^  ''''  -^^-^ 
arranged  that  no  oLflow  cLlT  ake  plt^e  ^  1^^^^^  ""V^  ^^^^^  - 

ments  were  made  on  the  ground  rit!  .  ;  f  f  ?'  ^^P^^" 
effected  by  undermining  I  mass  of  Ifi      !  /  «o-«oHdation.    This  was 

and  then  buHding  rounS  ^Z  l^tl^^Tl^^:^^''^'''  ''^'^  '''^'^ 

t.e  di^rent  W^:^::^^^^^- 
sand,  the  amount  of  percolation  i«     .r^^       i  , 

ca=5P.  th.f  .f      .     pel  eolation  is  so  very  mucli  larger  than  in  any  of  the  other 

carried  out  in  the  most  carpfnl  Z        ^  ^^'^''^  observations,  as  they  were 

t  Z^^  t 

Tardlybe  s  fet^TaLt''  "^'^'"^  '^^^  ^"^^^^  expeiWs,  ith 

amZt  of  wit  r  to  1  ,  f  .^^^  ^^^^  ^^^^  «and-gauge  as  an  indication  of  the 
condition  percolation  through  a  sandy  soil  in  its  natural 

the  We!  tt7f?J"'''"  *°       ^  -  explanation  of 

01a  betw!     ^    '^'^ff---^  «r  There  are  two  ways  of  expressing  the  rela- 

tion between  the  percolation  and  the  rainfall.  One  way  is  to  give  the  percolation 
as  a  proportioia  of  the  rainfall_to  say,  for  instance,  that  it  fs  onelu'h  of  he 
ramfell,  one-third  of  the  rainfall,  20  per  cent,  of  the  rainfall,  and  so  on.  Thl 
othei  way  is  to  subtract  the  percolation  from  the  rainfall,  and  to  say  that  the  yearly 
percolation  is  so  many  inches  less  than  the  yearly  rainfall.  The  difference  between 
the  rainfall  and  percolation,  or  "loss,"  is  chiefly  due  to  evaporation,  but  also  includes 
the  water  that  is  absorbed  by  vegetation.  As  previously  stated,  in  no  case  is  any  of 
the  loss  due  to  surface  overflow. 

Although  the  average  percolation  for  a  series  of  years  is  fairly  constant  in  the 
same  district,  the  percolation  in  different  years  varies  immensely.    This  is  well 
shown  by  the  observations  carried  out  by  Mr.  John  Evans,  F.E.S.,  at  Nash  Mills 
which,  so  far  as  we  know,  form  the  most  complete  series  of  observations  on  Dalton 
gauges  in  existence. 

lOQ?^^  observations  at  Nash  Mills  were  originally  started  by  Mr.  Dickinson  in 
1835,  and  carried  on  by  hi^  untU  1853,  and  the  results  are  given  in  Table  I.  In 
the  year  1853  two  new  gauges  were  put  up  by  Mr.  Evans,  one  fiUed  with  soil  and 
the  other  with  chalk.    The  percolation  through  these  two  gauges  has  been  recorded 
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continuously  by  Mr.  Evans  ever  since,  and  we  are  indebted  to  him  for  the  particu- 
lars in  Table  II.,  which  gives  the  entire  series  of  observations  on  the  gauge  failed 
with  chalk. 

TABLE  n. 

Rainfall  and  Fercolation  at  Nash  Mills,  Kernel  Eempstead,  for  Twenty-nine  Tears. 


Winter. 

Summer. 

Entire  Tear. 

Vx*  A  r> 
X  A  AH. 

Bain. 

Percola- 
tion. 

Difference 
or  Loss. 

Eain 

Percola- 
tion. 

Difference 
or  Loss. 

Eain. 

Percola- 
tion. 

Dilierence 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

1853-4 

9-66 

5-00 

4-66 

9-47 

— 

9-47 

19-13 

6-00 

14-13 

1854-5 

9-32 

3-45 

5-87 

12-66 

2-30 

10-36 

21-98 

6-76 

16-23 

1855-6 

14-48 

10-47 

4-01 

14-86 

3-09 

11-77 

29-34 

13-66 

15-78 

1856-7 

11-96 

7-19 

4-77 

14-11 

1-32 

12-79 

26-07 

8-61 

17-66 

1857-8 

11-81 

7-16 

4-66 

12-27 

0-84 

11-43 

24-08 

8-00 

16-08 

1858-9 

9-64 

2-69 

6-95 

18-31 

4-22 

14-09 

27-96 

6.91 

21-04 

1859-60 

16-49 

12-44 

4-05 

20-40 

8-94 

11-46 

36-89 

21-38 

15-51 

1860-1 

11-56 

7-55 

4-01 

10-38 

1-02 

9-36 

21-94 

8-57 

13-37 

1861-2 

12-63 

8-19 

4-44 

14-37 

1-77 

12-60 

27-00 

9-96 

1704 

1862-3 

11-01 

5-50 

5-51 

13-40 

0-19 

13-21 

24-41 

5-69 

18-72 

1863-4 

9-24 

5-89 

3-35 

8-42 

0-45 

7-97 

17-66 

6-34 

11-32 

1864-5 

10-93 

3-55 

7-38 

12-60 

12-60 

23-53 

3-66 

19-98 

1865-6 

20-00 

12-05 

7-95 

16-59 

0-20 

15-39 

35-59 

12-26 

23-34 

1866-7 

12-60 

6-97 

5-63 

14-37 

1-39 

12-98 

26-97 

8-36 

18-61 

1867-8 

11-36 

5-36 

6-00 

10-05 

0-42 

9-63 

21-41 

6-78 

15-03 

1868-9 

1  t  oo 

1 1  -91 

J.  X  ^  X 

\J  o  t 

12-80 

2-00 

10-80 

30-38 

13-21 

17-17 

1869-70 

13-33 

8-76 

4-57 

7-59 

7-59 

20-92 

8-76 

12-16 

1 S7n-i 

XO 1  KJ  ± 

12-54 

6-35 

7-19 

16-09 

1-72 

14-37 

28-63 

7-07 

21-56 

1871-2 

11-25 

9-50 

1-75 

14-44 

2-70 

11-74 

25-69 

12-20 

13-49 

1872-3 

21-55 

16-05 

5-50 

11-29 

11-29 

32-84 

16-05 

16-79 

1873-4 

8-91 

4-40 

4'51 

10-71 

0-65 

10-06 

19-62 

6-05 

14-57 

1874-5 

11-69 

5-67 

6-12 

15-00 

3-46 

11-54 

26-69 

9-03 

17-66 

1875-6 

17-28 

10-29 

6-99 

14-25 

1-15 

.13-10 

31-53 

11-44 

20-09 

1876-7 

20-69 

11-77 

8-92 

13-74 

1-60 

12-14 

34-43 

13-37 

21-06 

1877-8 

13-74 

8-91 

4-83 

18.46 

5-11 

13-35 

32-20 

14-02 

18-18 

1878-9 

14-62 

7-94 

6-68 

25-09 

12-82 

12-27 

39-71 

20-76 

18-95 

1879-80 

5-84 

4-28 

1-56 

16-40 

3-20 

13-20 

22-24 

7-48 

14-76 

1880-1 

20  07 

16-36 

3-71 

14-85 

14-85 

34-92 

16-36 

18-56 

1881-2 

14-82 

11-38 

3-44 

16-52 

2-64 

13-88 

31-34 

14-02 

17-32 

Averages... 

13-33 

8-11 

5-22 

1  14-09 

2--18 

11-91 

27-42 

10-29 

17-13 

t 

It  will  be  noticed  that  the  average  percolation  for  the  29  years  does  not  vary 
much  from  the  average  for  seven  years  given  in  Table  I.  (see  column  headed 
Evans,  Chalk),  but  that  the  percolation  in  different  years  varies  immensely,  tlie 
general  residt  being  as  follows  : — 


"Winter 
Summer 
Entire  Year 


Maximiun 
16-36 
12-82 
21-38 


Minimiun. 

2-  69 
0-00 

3-  55 


Averoge. 
8-11 
2-18 
10-29 


On  examining  the  separate  years  in  Table  II.  we  see  that  the  percolation  almost 
always  increases  as  the  rainfall  increases ;  but  beyond  this  it  does  not  appear  to 
follow  any  general  rule,  and  certainly  does  not  bear  any  fixed  proportion  to  the 
rainfall    For  instance,  taking  the  winter  first,  and  comparing  the  percolation  with 
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the  rainfall  m  different  years,  it  will  be  seen  that  the  percolation  is  sometimes  less 
than  one-third  of  the  rainfall,  and  sometimes  more  than  three-quarters  of  the  rain- 
fall. In  the  summer  the  proportion  between  the  percolation  and  the  rainfall  is  still 
more  m-egular.  Sometimes  there  is  no  percolation  at  all,  though  there  is  a  con- 
siderable amount  of  rainfall ;  at  other  times  the  percolation  is  a  very  small  fraction 
ot  the  rainfall;  and,  agam,  at  other  times  it  is  a  considerable  fraction,  varying  from 
one-quarter  to  more  than  one-half,  ° 

From  what  has  just  been  stated,  it  would  seem  as  if  no  fixed  relation  at  all 
existed  between  the  percolation  and  the  rainfall ;  this,  however,  would  be  a  wron- 
conclusion  A  careful  examination  of  Table  IL  will  show  that,  although  the  rainfall 
and  percolation  vary  so  immensely  in  different  years,  the  figures  in  the  colunm 
headed  "difference  or  loss"  only  vary  very  slightly.  This  is  specially  noticeable 
m  the  summer,  where,  if  a  few  exceptional  cases  were  excluded,  it  might  be  said 
that  this  "  difference  or  loss  "  is  almost  constant. 

This  view  of  the  question  throws  quite  a  different  light  on  the  subject,  and 
shows  that  the  point  to  be  looked  at  is  not  the  ratio,  but  the  difference,  between  the 
percolation  and  the  rainfall,  and  that  this  difference  is  fairly  constant.  This  simple 
principle  at  once  explains  many  of  the  apparent  anomalies  in  Table  II.  For 
instance,  taking  summer,  where  the  proportion  between  the  percolation  and  rainfall 
was  so  extremely  irregular  that  nothing  could  be  made  out  of  it,  and  assuming  that  " 
the  constant  loss  is  12  inches,  it  will  at  once  be  seen  that  the  reason  why  the  perco- 
lation in  some  years  is  nothing,  is  that  the  rainfall  is  less  than  the  loss,  or,  in  other 
words,  that  all  the  rain  is  evaporated. 

The  above  rule  in  conjunction  with  Table  I.  will  also  give  a  means  of  approxi- 
mating to  the  percolation  where  no  observations  have  been  made.  In  the  first  place 
it  will  be  necessary  to  obtain  the  value  for  "loss,"  which  varies  under  different 
circumstances.  From  Table  I.,  however,  it  will  be  seen  that  if  due  regard  is  paid 
to  the  season,  the  variation  (except  in  the  case  of  sand,  which  has  previously  been  re- 
marked on)  is  not  very  great.  It  will  generally,  therefore,  be  sufficient  to  obtain 
the  "  loss "  from  Table  I.,  care  being  taken  to  select  the  case  which  corresponds 
most  nearly  with  that  under  consideration.  By  subtracting  the  assumed  "  loss  " 
from  the  known  rainfall,  a  useful  approximation  will  be  obtained  to  the  percolation. 
If  the  "  loss  "  is  greater  than  the  rainfall,  as  is  sometimes  the  case  in  summer,  we 
must  conclude  that  the  whole  of  the  rainfall  has  been  evaporated,  so  that  no  percola- 
tion took  place. 

There  are  some  exceptional  cases  to  which  the  above  rule  will  not  apply,  and 
these  can,  to  a  great  extent,  be  accounted  for  by  differences  in  the  amount  of  rain 
which  has  fallen  in  the  months  immediately  preceding  the  season  under  considera- 
tion. The  two  most  exceptional  winters  in  Table  II.  are  explained  in  this  way : 
In  1871-72,  the  winter  rainfall  was  11-25,  and  the  percolation  should,  therefore,  by 
the  preceding  rule  have  been  about  six  or  seven  inches,  whereas  it  really  was  9*50 
inches.  On  examining  the  details  of  the  monthly  rainfall,  we  find  that  there  had 
been  an  exceptionally  heavy  fall  in  the  preceding  September,  so  that  the  ground  was 
thoroughly  saturated  at  the  commencement  of  the  winter  of  1871-72.  In  1879-80 
again  the  winter  rainfall  was  only  5 '84  inches,  and  the  percolation,  therefore,  should 
have  been  under  one  inch,  whereas  it  really  was  4-25  inches.  Here  also  September 
as  well  aa  the  three  preceding  months  had  been  exceedingly  wet. 


CONDITIONS  WHICH  INFLUENCE  PERCOLATION. 


From  the  examples  which  have  just  been  given,  as  well  as  from  -^^^^^^^^^^^^^ 
previously  said,  it  wiU  be  seen  that  the  amount  of  Pe-lat.on  does  not  depend  so 
much  on  the  amount  of  the  rain  as  on  the  conditions  under  whx  h  ^  f  alls^    A  hea^^y 
fall  of  rain  in  summer  will  generally  give  no  percolation  at  all,  -^^^^^n  sum 
fall  in  winter  will  give  a  large  amount  of  percolation,  the  reason  ^^^^^S J^^^j;^^^^^^^ 
mer  the  ground  is  dry,  and  the  rain  is  all  evaporated  or  taken  up  ^7  vegetation 
whereas  in  winter  the  ground  is  wet,  and  evaporation  comparatively  small,  so  that  a 
large  proportion  of  the  rain  sinks  into  the  ground.    Even  in  winter  the  amount  that 
percolates  will  vary  with  the  condition  of  the  ground.    If  there  has  been  a  dry 
autumn  the  percolation  in  winter  will  be  comparatively  small,  but  if  there  has  been  a 
wet  autumn,  so  that  the  ground  is  thoroughly  saturated,  the  percolation  in  the 
succeeding  winter  will  be  large. 
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CHAPTER  LXXX. 

MOVEMENT  OF  UNDERGROUND  WATER.  SPRINGS,  AND  WELLS 

P— -Movement  of  V...,ro.na 

The  variations  which  occur  in  the  height  of  the  underground  water  at  different 
seasons  a.e  f u  ly  .n  accord  with  the  results  obtained  by  the  percolatioLglt?  I 
s  a  ma  ter  of  common  knowledge  to  those  who  have' to  draw  water  bTa  bueke 

than  It  IS  in  wu^ter.    Closer  observation  shows  that  the  level  of  the  water  in  the 

FibruTorM^  t  -Pi^^ly  ^ 

fa  Is  al^n  nfTl    '.t'" '''''''  -f*-  gradually 

falls  again  till  the  following  autumn.    Hence  the  period  of  rise  of  the  water-leveJ 

corresponds  very  nearly  .vith  the  period  of  greatest  percolation,  and  the  period  of 
tall  with  the  period  of  least  percolation. 

The  relation  between  the  percolation  and  the  underground  water-level  in  difierent 
years  and  different  seasons,  is  so  instructive  that  we  have  prepared  the  diagram, 
ig.  6b6  (on  the  next  page),  from  observations  that  have  been  made  on  a  weU  in  a  chalk 
district.  The  well  in  question  is  at  ChUgrove,  near  Chichester,  where  observations 
have  been  recorded  regularly  for  nearly  half  a  century,  and  we  are  indebted  to  Mr. 
J.  VV.  Woods  for  the  measurements  during  the  ten  years  shown  on  the  diacn-am 
The  upper  zigzag  line  gives  the  depth  of  the  water  in  the  well  for  each  month  the 
bottom  of  the  well  being  shown  by  a  horizontal  line.  The  dark  spaces  rising  from 
the  bottom  of  the  diagram  represent  the  percolation,  and  the  light  line  runnincr  just 
above  sliows  the  rainfall.  The  depth  of  the  water  in  the  well  is  given  in  feet,  and 
the  rauifall  and  percolation  in  inches,  as  shown  by  the  scales  at  the  side  of  the  dia- 
gram. The  rainfall  is  taken  from  observations  at  Chilgrove,  and  the  percolation  is 
deduced  from,  the  observations  at  Nash  Mills  (see  page  809). 

The  first  noticeable  general  feature  in  the  diagram  is  that  the  great  bulk  of  the 
percolation  takes  place  in  the  mnter,  and  hardly  any  at  all  in  the  summer,  except  in 
the  case  of  the  year  1879,  to  be  mentioned  hereafter.  Thus  in  the  summers  of  1873- 
74-77-78-81  there  was  a  considerable  amount  of  rain,  but  this  rainfall  did  not  give 
any  percolation. 

In  the  next  place  it  will  be  seen  from  the  upper  zigzag  line  in  the  diagram,  that 
the  fluctuations  of  the  water-level,  with  one  exception,  follow  the  general  rule 
already  mentioned.  The  water-level  is  at  its  highest  early  in  the  year  (February 
or  March),  falls  throughout  the  summer,  is  lowest  in  October  or  November,  and 
then  begins  to  rise  again.  It  will  also  be  observed  that  the  rise  in  the  water-level 
of  the  well  follows  the  percolation  with  great  regularity,  but  that  a  short  interval 
always  intervenes.  For  instance,  if  the  winter  percolation  commences  in  October, 
the  water  does  not  begin  to  rise  in  the  well  until  November ;  and  if  the  percolation 
obtains  its  maximum  in  January,  the  water  in  the  well  does  not  attain  its  maximum 
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tiU  February  or  March.  From  tliis  we  should  condude  that  m  a  chalk  district  ike 
that  under  consideration,  from  one  to  two  months  elapses  before  the  percolation 
affects  the  level  of  the  underground  water.  We  also  see  that  wmters  m  which 
there  is  a  minimum  of  percolation,  such  as  those  of  1873-74,  1879-80,  have  also  the 
lowest  water-level;  while  the  winters  in  which  there  is  a  maximum  percolation, 
such  as  1872-73,  1876-77,  have  the  highest  water-level. 

As  previously  mentioned,  the  year  1879  is  very  exceptional  in  having  a  arge 
amount  of  summer  percolation,  and  on  looking  at  the  upper  zigzag  line,  it  will  be 
seen  that  this  year  is  also  exceptional  in  having  a  double  rise  in  the  water-level,  one 
occurring  early  in  the  year  and  the  other  at  the  end  of  the  summer.  ^  It  wHl  be 
seen,  moreover,  that  the  summer  rise  follows  the  summer  percolation  in  the  same 
way  that  the  winter  rise  follows  the  winter  percolation. 

The  variation  which  takes  place  in  the  level  of  the  underground  water  between 
autumn  and  winter  may  be  called  the  "seasonal  variation  "—its  extent  is  very 
different  in  different  cases.  In  the  upper  districts  of  the  chalk,  this  seasonal 
variation  is  frequently  50  feet,  and  sometimes  considerably  over  100  feet,  whereas 
in  the  lower  districts  it  may  only  be  three  or  four  feet.  In  the  New  Eed  and  Old 
Eed  Sandstones  the  seasonal  variation  is  considerably  less  in  amount  than  in  the  chalk. 

In  order  to  explain  the  reason  of  this  great  difference  in  the  amount  of  the 
seasonal  variations  of  level  of  the  underground  water  in  different  localities,  we  must 
consider  the  question  of  the  movement  of  underground  water.  This  question  is  of 
primaiy  importance  from  a  sanitary  point  of  view,  not  only  with  reference  to  the 
amount  of  water  obtainable  from  wells  and  springs,  but  also  with  reference  to  the 
conditions  which  favour  or  otherwise  the  pollution  of  the  water-supply  by  cesspools 
and  drains.  We,  therefore,  propose  to  consider  the  question  somewhat  in  detail,  more 
especially  as  its  great  importance  is  often  not  sufficiently  realised. 

The  movement  of  underground  water  has  been  more  fully  investigated  on  the 
Continent  than  it  has  in  England,  particularly  in  connection  with  what  are  called 
natural  filter-galleries,  by  which  many  large  towns  on  the  Continent  are  supplied. 
These  filter-galleries,  which  were  constructed  of  porous  brickwork,  were  laid  parallel 
to  a  river  at  a  greater  depth  than  its  bed,  the  idea  being  that  Avhen  the  water  in  the 
filter-galleries  was  pumped  the  river-water  would  percolate  into  the  galleiy,  and 
thus  be  purified.  The  results  were  found,  however,  to  be  very  irregular,  some  of 
the  galleries  working  very  satisfactorily  and  others  soon  silting  up.  This  led  to 
very  elaborate  investigations,  the  outcome  of  which  was  that  the  galleries  which 
were  successful  were  proved  not  to  draw  their  supply  from  the  river,  but  from  an 
independent  source.  Not  only  was  the  temperature  of  the  water  pumped  from  the 
galleries  different  from  that  of  the  river,  but  the  chemical  constituents  were  also 
different.  Further  investigation  proved  the  existence  of  a  general  flow  of  under- 
ground water  passing  from  the  higher  grounds  into  the  bed  of  the  river,  and 
showed  that  this,  not  the  river,  was  the  source  from  which  the  galleries  were  fed. 
•An  extensive  series  of  official  experiments  ^vith.  reference  to  questions  affecting 
the  sewerage  of  Berlin,  also  proved  that  the  underground  water  had  a  continuous 
flow  towards  the  river  Spree,  and  that  the  idea  previously  held  that  the  water 
of  the  river  forced  itself  into  the  subsoil  and  caused  the  contamination  of  the  wells 
was  an  entire  mistake,  as  the  contamination  proceeded,  not  from  the  river,  but 
ftom  the  pollution  of  the  ground  underneath  the  houses. 
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In  England,  filter-galleries  near  rivers  have  been  verv  WHU  a 
a.vare  of  .ai.y  experiments  on  them;  but  observlw  Jm!  '  ^ 
permeable  formations  near  the  sea  show  that  a  moverenlt^^^^  "''^ 
generally  taking  place  from  the  land  towards  tCs^l ^ll^^Z^ ^.^^ 
given  m  a  paper  by  Mr.  Ed^^ard  Easton,  on  the  waterwtrlTnt  P  { 


Pig.  384.— Flow  of  Undergronnd  Water 


tresh  spiing-water.  These  rills  are  always  running,  the  only  variation  that  is 
perceptible  being  a  slight  increase  in  winter  and  a  decrease  in  summer.  Further 
on  measuring  a  number  of  wells  so  as  to  ascertain  the  level  of  the  under^^round 
water  m  the  chalk,  it  is  found  that  this  water  has  a  regular  fall  from  the  land 
towards  the  sea.  The  natural  conclusion  from  these  facts  is  that  the  rain  which  is 
absorbed  by  the  ground  gradually  finds  its  way  through  the  pores  and  fissures  in 
the  chalk  to  the  sea  j  and  advantage  has  been  taken  of  these  circumstances  to 
obtain  a  water-supply  for  Brighton.  Deep  tunnels  have  been  driven  m  the 
chalk  parallel  to  the  sea-coast  at  about  the  level  of  low  water,  so  as  to  intercept 
the  underground  streams,  and  by  this  means  a  very  ample  supply  of  water  has 
been  obtained. 

The  course  of  the  rainfall  in  its  passage  to  the  sea  is  illustrated  by  Fig.  384,  which 
is  a  section  at  right  angles  to  the  shore-line,  showing  the  actual  measurements  of 
the  wells  taken  from  the  above  paper.  The  lower  dotted  line  through  the  bottom  of 
the  wells  A,  b,  c,  d,  e,  represents  the  level  of  the  underground  water  when  the  wells 
are  at  their  lowest  (usually  in  October  or  November),  and  may  be  called  the  line  of- 
perrhanent  saturation.  The  upper  dotted  line  represents  the  water-level  when  the 
wells  are  at  their  highest  (usually  in  February  or  March).  Several  important  facts  are 
shown  by  the  section.  In  the  first  place  we  see  that  the  fall  of  the  underground 
water  cannot  be  determined  from  the  fall  of  the  land.  The  land  between  weU  c 
and  well  d  has  a  rapid  fall  from  right  to  left,  but  the  undergi-ound  water  between 
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these  wells  falls  from  left  to  right.  In  the  next  place  we  see  that  the  farther  the 
weUs  are  from  the  sea  the  greater  is  the  variation  between  their  summer  and 
^yinter  water-levels.  The  seasonal  variation  in  well  a  is  only  a  very  tew  teet; 
in  well  B  it  is  25  feet,  and  in  well  e  it  is  50  feet.  The  section  also  shows  the  reason 
of  this  difference,  ^nz.,  that  the  level  of  the  water  at  its  outlet  into  the  sea  is  neariy 
constant,  and  that  the  levels  of  the  intermediate  wells  between  the  sea  and  the 
farther  wells  are  defined  by  a  line  drawn  from  the  sea  to  the  water  in  the  farthest 
well.  Lastly,  the  section  shows  that  the  surface  of  the  underground  water  has  a 
much  more  rapid  fall  to  the  sea  in  winter  than  it  has  in  autumn.  The  fall  of  the 
upper,  or  wmter  water-line,  is  about  30  feet  per  mile,  whereas  that  of  the  lower,  or 
summer  water-Une,  is  less  than  10  feet  per  mile.  A  greater  fall,  of  course,  means  a 
greater  velocity,  and  hence  the  flow  of  the  underground  water  towards  its  outlet 
must  be  more  rapid  in  winter  than  in  autumn,  thus  explaining  the  increased  flow 
of  the  springs  at  the  sea-shore  in  winter. 

We  have  gone  somewhat  fully  into  the  above  case,  because  it  is  an  epitome  of 
what  takes  place  with  reference  to  underground  water  generally,  and  also,  when 
taken  in  conjunction  with  what  has  previously  been  said  about  percolation,  clearly 
explains  the  origin  of  springs.  The  rain  which  falls  on  permeable  strata  percolates 
downwards  until  it  is  arrested  by  beds  of  clay  or  other  impermeable  strata.  The 
water  then  accumulates  and  renders  the  impermeable  strata  waterlogged  up  to 
a  certain  line  which  is  governed  by  the  lowest  point  of  natural  escape.  At 
Brighton  the  lowest  point  of  escape  is  into  the  sea ;  in  other  cases  it  is  into  rivers  or 
streams ;  and  in  others  again  the  escape  is  on  a  hill-side,  where  springs  burst  out  at 
the  lip  of  the  basin  formed  by  the  underlying  impermeable  strata.  The  rain  which 
percolates  into  the  ground  does  not  pass  immediately  to  the  natural  outlet,  but  is 
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Fjj.  CS5.— Levels  of  Undergrouud  Water  from  Walliiigford-to  Henley. 


stored  for  a  oeitain  time  in  the  water-bearing  strata,  and  only  escapes  very  slowly. 
This  accounts  for  the  fact  that  springs  do  not  cease  running  when  percolation 
ceases,  but  continue,  though  at  a  reduced  rate,  during  the  summer. 

From  what  has  been  stated,  it  will  be  seen  that  it  is  a  great  mistake  to  compare 
the  underground  water  to  a  lake,  as  is  often  done.  The  surface  of  a  lake  is  level, 
whereas  the  surface  of  the  underground  water  almost  always  has  a  faU  towards  its 
natural  outlet.  If  there  is  only  one  outlet,  or  line  of  outlets,  the  underground 
water  may  be  compared  to  an  inclined  plane.  If,  on  the  other  hand,  as  is  often  the 
56 
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case,  there  are  several  outlets  in  different  directions,  the  underground  water  may  be 
more  coxTect  y  compared  to  a  lovv-s>velling  hill,  as  will  be  seen  by  an  examination  of 
Fig.  385,  which  repres^its  a  section  from  the  Eiver  Thames  near  Wallingford 
through  the  Chiltern  Hills  to  the  River  Thames  below  Henley.  Between 
these  two  points  the  river  makes  a  complete  horse-shoe  bend  of  many  miles 
affording  outlets  for  the  underground  water  from  the  chalk  at  numerous  places  It 
will  be  noticed  that  there  are  various  dotted  lines  from  river  to  river  :  the  lower  of 
these  represents  the  lowest  level  to  which  the  underground  water  falls,  and  the 
upper  line  represents  the  highest  water-level  in  winter.  Both  these  lines  are 
convex,  showing  a  fall  each  way  to  the  river;  but  this  fall  is  much  less  on  the  lower 
line  than  on  the  upper  line. 

SPRINGS. 

_  The  intermittent  springs,  or  "bournes,"  as  they  are  often  called,  which  occur 
in  different  parts  of  the  countiy,  are  also  well  illustrated  by  Fig.  385.  It  used  to  be 
imagined  that  these  intennittent  springs  Avere  due  to  syphons  formed  by  hidden 
channels  m  the  ground.  These  syphons  were  supposed  to  empty  underground 
reservoirs,  and  then  to  cease  to  act  untU  the  reservoii-s  were  full  again;  and  in 
some  works  on  geology  and  on  water-supply,  figures  are  found  of  these  supposed 
syphons.  As  far  as  we  know,  however,  no  such  syphon  has  ever  been  discovered, 
nor  have  any  facts  been  brought  to  light  supporting  this  supposition.  At  any  rate^ 
the  ordinary  bournes  are  perfectly  explained  by  the  known  laws  which  regulate 
the  movement  of  underground  water,  and  their  occurrence  can  be  predicted  by 
attention  to  these  laws. 

Prom  Fig.  385  it  will  be  seen  that  at  the  point  marked  "  Assenton  Spring  "  there 
is  such  a  deep  valley  that  when  the  water-level  rises  to  the  upper  Ime  it  is  above  tlie 
ground.  The  consequence  is  that  under  these  circumstances  large  quantities  of 
water  issue  from  the  chalk  and  form  a  surface  stream,  called  Assenton  Spring. 
This  spring  does  not  flow  every  year,  but  at  irregular  intervals,  often  of  several 
years.  When  it  does  flow  it  usually  commences  about  December  or  January,  and 
ceases  to  flow  in  the  summer,  but  in  the  year  1879  it  surprised  the  neighbourhood 
by  breaking  out  in  June  and  continuing  to  flow  for  several  months.  On  referring 
to  the  diagram,  page  813,  and  to  Table  II.,  page  809,  it  will  be  seen  that  1879  is  the 
exceptional  year  already  more  than  once  referred  to,  in  which  there  was  a  large 
amount  of  percolation  in  the  summer,  followed  by  a  rapid  rise  of  the  underground 
water.  This  fully  accounts  for  the  "breaking"  of  the  spring,  which  is  in  reality 
nothing  more  than  the  overflow  of  the  underground  water  when  it  rises  above  the 
level  of  the  ground.  When  the  seasonal  rise  of  the  underground  water  is  not 
suflScent  to  bring  it  above  the  level  of  the  ground,  then  there  is  no  outburst  of  the 
spring.  By  carefully  observing  the  rise  of  the  underground  water,  as  shown 
by  wells  in  the  valleys  where  bournes  occur,  their  appearance  can  be  predicted 
with  the  greatest  certainty,  and  this  has  actually  been  done  in  many  cases. 

The  variations  which  take  place  in  ordinary  springs  are  to  a  great  extent 
explained  by  the  preceding  considerations.  Springs  are  frequently  divided  into 
land  springs  and  main  springs,  the  foirmer  term  being  applied  to  springs  of  water 
flowing  from  superficial  beds  of  drift  or  gravel,  lying  on  an  impervious  substratum, 
and  the  latter  term  to  deep-seated  springs  found  in  the  chalk,  greensand,  sandstone, 
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or  otlier  regular  geological  formations.  In  the  case  of  shallow  land-springs  the 
flow  is  often  very  irregular;  the  superficial  beds  being  more  rapidly  exliausted, 
and  also  more  rapidly  replenished  than  the  deeper  water-bearing  strata.  Careful 
observations  hav^e  shown  that  sand  and  gravel  are  replenished  by  heavy  summer 
showers,  which  would  produce  no  effect  at  all  on  deep-seated  springs.  This  is  ex- 
plained by  the  large  amount  of  smamer  percolation  found  in  the  sand-gauge  in  Table  I., 
page  807.  Even  in  these  shallow  springs,  however,  there  is  a  marked  seasonal 
variation,  the  springs  being  generally  at  their  lowest  in  October  and  ISTovember, 
and  at  their  highest  in  February  and  March.  The  deeper  seated  the  springs  are, 
the  moi-e  x-egiilar,  as  a  rule,  is  the  seasonal  variation.  The  main  spi'ings  vary  much 
less  than  the  land  springs,  and  are  often  stated  to  yield  an  undeviating  volume. 
Careful  measurements,  however,  show  a  regular  seasonal  variation  corresponding 
with  what  has  been  stated  above.  As  an  example  of  this,  it  may  be  mentioned  that 
a  series  of  gaugings  of  a  chalk  spring  in  Buckinghamshire,  extending  over  a  number 
of  years,  show  such  a  remarkable  agreement  with  the  recorded  percolation  at  iN'ash 
Mills,  that  the  yield  of  the  spring  might  almost  be  calculated  from  the  percolation 
gauge. 

It  is  most  important  to  give  due  attention  to  this  seasonal  variation  in  the 
flow,  when  selecting  a  spring  for  the  water-supply  of  a  house.  If  the  selection 
is  made  early  in  the  year,  it  may  be  found  in  autumn  that  the  yield  of  the  spring 
has  been  reduced  to  such  an  extent  as  to  be  altogether  insufficient  for  the  supply  of 
the  house.  Unless  the  yield  of  a  spring  is  very  much  in  excess  of  the  supply 
required,  it  is  never  safe  to  depend  upon  it  until  its  yield  in  autumn  has  been 
ascertained,  and  even  then  one  may  be  misled  unless  close  regard  is  paid  to 
the  nature  of  the  season — ^that  is  to  say,  whether  or  not  the  rainfall  has  been  such 
as  to  cause  an  unusual  amount  of  percolation. 

Before  selecting  a  spring  for  the  supply  of  a  house  or  homestead,  it  ought  therefore 
to  be  carefully  gauged  at  intervals  during  summer  and  autumn.  If  the  spring  is  only 
very  small  the  method  explained  at  page  785  may  do  ;  but  if  the  flow  is  of  moderate 
amount,  some  other  means  must  be  adopted.  The  most  convenient  method  is  that 
usually  employed  by  engineers,  namely,  to  fix  a  "notch-board"  across  the 
spring  or  stream.  Fig.  386  shows  a  notch-board  fixed  'across  a  stream  for  the 
pui-pose  of  ascertaining  its  flow.  The  notch-board  a,  having  a  rectangular  notch 
with  chamfered  lip  and  edges  as  shown  on  the  sketch  and  section,  is  placed  at  a 
convenient  point  in  the  stream,  and  properly  clay-puddled  into  the  banks  and 
bottom  of  the  stream,  and  made  secure,  so  that  all  the  water  runs  through  the 
notch.  The  size  of  the  notch  required  must  be  roughly  estimated  so  that  it  takes 
the  flow  of  the  stream  with  a  few  inches  depth  over  the  lip  of  the  notch,  "Where 
grea,ter  accuracy  is  required  in  making  the  measurement,  it  is  a  good  plan  to  have  the 
notch  made  in  a  thin  sheet  of  metal.  In  order  to  calculate  the  flow  over  the  notch, 
it  is  necessary  to  measure  the  depth  of  the  still  water-surface  over  the  lip  of 
the  notch.  This  cannot  be  done  at  the  notch-board  itself,  as  the  water  in  rumiing 
over  the  notch  assumes  a  curved  form,  as  shown  on  the  section.  It  is  therefore 
usual  to  drive  a  stake,  as  at  c,  situated  some  distance  from  the  notch,  where  the 
water  is  still,  and  measure  the  depth  there.  The  distance  at  which  the  stake 
must  be  driven  from  the  board  will  depend,  of  course,  on  the  size  of  the  notch 
used,  but  generally  four  or  five  feet  wiU  do,    A  ledge  is  cut  upon  the  stake,  which 
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is  driven  until  the  ledge  is  exactly  level  with  the  lip  h  of  the  weir,  as  shown  on  the 
section,  and  from  this  ledge  the  depth  of  water  may  be  measured  in  inches  with 
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Fig.  3S6.— Notch-'boaxd. 


the  ordinary  rule.  The  notch-board  must  be  fixed  at  a  point  on  the  stream  where  a 
proper  fall  can  be  obtained,  as  shown  on  the  sketch.  The  chamfered  lip,  h,  shoidd 
also  be  well  above  the  bed  of  the  stream,  as  shown  in  the  section. 


TABLE  III. 


Depth  ia 
Inches. 

Gallons  per 
Minute. 

Depth  in 
Inches. 

Gallons  per 
Minute. 

Depth  in 
Inches. 

Gallons  per 
Minute. 

Depth  in 
Inches. 

Gallons  per 
Minute. 

\ 
1 

3 

4: 

1 

•31 
•88 

1-  62 

2-  49 

3-  48 

4-  57 

If 
2 

2i 
2i 
2i 
3 

5-76 

7-  04 

8-  4 

9-  8 

11-  3 

12-  9 

3i 
3i 
3f 
4 

^\ 
4i 

14^6 
16-3 

18-  1 

19-  9 
21-8 
23-8 

4-3. 
5 

^\ 
5i 
o| 
6 

25^8 
27-8 
29-9 
32^1 
34.3 
36-6 

Table  III,  gives  the  discharge  in  gallons  per  minute  over  a  notch-board  one 
inch  wide,  for  depths  increasing  by  quarter-inches.  To  give  an  example  of  the  use 
of  this  Table,  we  will  take  a  notch  4  inches  wide  between  the  sharp  angles  of  the 
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chamfers,  and  having  measured  at  c  the  depth  of  the  flovv  over  the  hp  of  the  wexr 
we  find  it,  say,  li  inches.    Keferring  now  to  the  Table  under  U  mches  ^^^e  see 
the  amount  3-48  gallons,  and,  as  this  is  for  a  weir  1  inch  wide,  we  must  multiply  by 
4  for  a  weir  4  inches  wide,  giving  13-9  gallons  per  minute,  or  20,000  gallons 
per  diem. 

WELLS. 

As  has  been  stated  in  the  first  part  of  this  article,  wells  may  be  divided  into  two 
classes— shallow  wells  and  deep  wells.  The  distinction  between  the  two  is  not  very 
clearly  defined,  but  it  may  be  considered  generally  to  depend  more  on  their  nature 
than  their  depth ;  shallow  wells  being  those  which  are  sunk  into  a  superficial  bed  of 
drift  sand  or  gravel  resting  on  an  impervious  stratum,  and  deep  wells  those  which 
are  sunk  into  the  regidar  geological  formation,  such  as  chalk,  greensand,  sand- 
stone, &c.  In  fact,  the  distinction  between  shallow  wells  and  deep  wells  is  veiy 
much  the  same  as  that  between  land  springs  and  main,  springs. 

Shallow  wells  are  very  properly  looked  on  with  suspicion,  on  account  of  their 
liability  to  pollution.  At  the  same  time,  there  are  a  great  many  situations  in 
which  almost  the  only  practicable  method  of  obtaining  a  water-supply  is  by  means  of 
more  or  less  shallow  wells,  and  it  is,  therefore,  of  importance  to  consider  the 
conditions  which  affect  their  supply,  both  as  regards  quality  and  quantity. 
Moreover,  proper  attention  to  these  conditions  will  often  render  it  possible  to 
obtain  a  very  good  supply  from  shallow  wells ;  whereas  inattention  to  them  will 
lead  to  disastrous  results. 

The  great  danger,  in  the  case  of  shallow  wells,  is  that  they  may  be  contaminated 
by  soakage  from  cesspools  or  drains.  The  extent  of  this  danger  is  not  even  yet 
sufiiciently  appreciated  by  the  general  public,  and  we  will,  therefore,  go  into  a  few 
particulars  about  it.  Such  gross  cases  of  contamination  from  cesspools  as  the  one 
explained  on  page  714  are  so  palpable,  that  people  are  beginning  to  understand  iheir 
danger,  and  it  is  not,  therefore,  necessary  to  say  more  aboiit  them  than  what 
has  already  been  said  by  Dr.  Coffield.  This  pernicious  practice  is,  however,  often 
carried  out  in  a  way  in  which  its  danger  is  by  no  means  apparent,  and  yet  so 
widespread  that  Prof.  Prestwich  says  no  one  who  has  not  gone  into  the  geological 
question  can  realise  its  magnitude.    The  ^  ^ 

question  has  been  so  admirably  treated 
by  the  same  high  authority  that  we 


cannot  do  better  than  quote  his  o^vn.  ^ 
words  : —  J;v 

"  Let  us  take  a  section  of  any  perme- 
able stratum,  such  as  a,  Fig.  387,  under- 
laid by  another,  b,  which  is  impermea-     h         \     \  x   >  vs^^^^S^  v.  ^  V^^xx^^ 
ble.    (i  he  illustration  will  apply  to  any  pj^  sg7_ 

case  where  water  is  obtained  by  means 

of  ordinary  wells,  whatever  their  depth.)  As  before  mentioned,  a  cei-tain  portion 
of  the  rain  which  falls  on  the  surface  sinks  down  through  a,  until  stopped  by  b, 
where  it  stands,  and  rises  to  a  certain  level,  I. 

"  Any  shaft — such,  for  example,  as  w — sunk  in  a  to  below  the  water-level,  I,  will, 
•when  it  passes  into  the  water-charged  portion  of  the  gravel  or  sand,  a,  have  the. 
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water  in  the  gi-avel  or  spring  flow  into  it,  until  it  reaches  the  level  I  ■  and 
quickly  as  the  water  is  removed  or  pumped  out  of  w  it  is  replenlllwl  f.n 
surrounding  store  in  the  gravel,  „,  the  height  of  the  watei  in  v  bltltt^i  ! 
consequently  at  that  of  the  line  I.    If,  on  the  other  hand,  anoZ  sTofteTs" 
pit  be  sunk  at  c  o  a^y  point  higher  than  the  level  I,  no  ^ater  will  rise  ii  o  ha 
haft,  and  it  will  remain  always  dry.    On  tlie  contrary,  if  .vater  or  any  liouid 
r  fuse  be  poured  into  c-which  is  constructed  of  bricks  without  mort^Z  Zt 

r  nln  .  T  rV"'  ^"^--"-^-g  1-it  will  pass  down  like  the 

rainfal ,  to  the  main  body  of  water  or  spring  at  and  below  I,  and  will  never  od'e 
at  t  e  evel  o,  but  dram  down  and  add  to  the  general  store  below  I 
thP  dl  11  ^"'^'"^  «f  P--eable  strata  has,  for  ages,  been  taken  advantage  of  for 
the  double  purpose  o  ob  aming  a  ready  water-supply  and  a  ready  house-drainage 
and  It  IS  a  disgrace  to  the  civilisation  of  the  nineteenth  century  that  a  practL 
begun   ong  ago  m  ignorance  and  amongst  a  scanty  population,  sLuld  have  been 
allowed   to   contuiue   unchanged  and  in  its  primitive  rudeiless,  with  all  our 
knowledge  and  experience,  and  amongst  our  teeming  population.    With,  liowever 
builders  and  architects -too  often  ignorant  of  the  consequences,  and  ;ishfuT  to 
hide  a  nuisance,  prompted,  too,  by  the  facility  with  which  it  is  done-the  abuse  has 
continued,  and  seems  likely  to  continue,  for  the  arrangements  are  naturaUy  kept  as 
much  as  possible  out  of  sight,  and,  being  out  of  sight,  it  rarely  occurs  to  any  one 
without  cause  to  inquire  where  or  how  they  are  made." 

Prof.  Prestwich  then  gives  a  section  of  the  village  of  New  Hincksey,  near 
Oxford,  as  it  existed  m  1876,  which  we  reproduce  in  Fig.  388,  as  it  is  a  striking 


illustration  of  the  way  in  which  cesspools  and  wells  are  intermixed,  without  any 
consideration  whatever  of  the  inevitable  result.  The  short  vertical  shafts  are  the 
cesspools,  and  the  longer  vertical  ones  reaching  to  the  undergi-ound  water  are  the 
wells.  Very  probably  the  sewage,  in  its  slow  percolation  through  the  gravel, 
becomes  so  filtered  and  aerated  before  it  reaches  the  underground  water,  and  is  then 
mixed  with  such  a  large  volume  of  this  water,  that  the  supply  from  the  wells  is 
clear  and  sparkling ;  but  it  is  none  tlie  less  dangerous.  In  fact,  the  entire  bed  of 
toater  tinder  the  village  is  polluted,  and  oio  precautions  that  can  be  taken  in  sinking 
the  Avells  will  enable  a  safe  supply  from  it  to  be  obtained. 

If  there  is  only  one  well  and  one  cesspool,  as  in  Pig.  387,  at  some  distance  from 
each  other,  the  case  is  quite  different,  and  whether  the  well  is  polluted  or  not  will 
depend  chiefly  on  the  dii-ection  of  the  flow  of  the  underground  water.  If  this  flow  is 
from  c  to  w,  the  water  wliich  has  been  polluted  by  the  percolation  from  the  cesspool 
will  be  carried  towards  the  well  and  contaminate  it ;  whereas,  if  the  flow  is  from  w  to  c, 
the  polluted  water  will  be  carried  away  from  the  well,  Avhich  will  tlien  draw  its 
supply  from  the  pure  underground  water  flowing  from  a  to  w.  If  any  large 
quantity  of  water  is  pumped  from  the  well  it  may  alter  the  state  of  affairs,  as  will 
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be  explained  hereafter ;  but  leaving  this  out  o  j^^f  ^^^^^^ 
he  stLd.  as  a  general  rule,  that  wells  -'^^f^^'^Z.^l^^l^^^^ 
contamination  above  them  are  always  dangerous,  ^  -^^J^^;;;^^  ^^^^  the  terms 

ihffalJ  of  the  W ;  which,  as  already  explained,  may  be  quite  different  from  that 

"rn"Ler,  Mr.  Baldwin  Latham,  in  a  paper  he  read  before  the 
BriSrliationin  fsTC,  gives  some  striking  examples  o^  t^e^^~^^^ 
flow  of  the  underground  water  on  the  pollution  of  weUs,  one  of  which  we  mil  quote 
nTstates  that  4en  called  upon  by  the  Croydon  Local  Board  to  -qun-e  -to  te- 
state of  the  health  of  the  inhabitants  of  a  cluster  of  sixty-mne  houses  situated  m 
t^e  hlet  of  Wallington,  near  to  the  Sewage  Irrigation  Works  of  the  Croydon 
Local  Board,  he  reported  that  in  all  the  houses  in  which  the  cesspoo  s  were  placed 
on  the  north  of  the  habitations,  the  tenants  had  been,  as  far  as  was  known  to  the 
present  inhabitants,  entirely  free  from  any  zymotic  disease,  whilst  m  those  with 
cesspools  located  in  other  aspects  the  tenants  had  suffered  at  various  times  from 
different  kinds  of  zymotic  disease.    At  that  time  the  author  attributed  it  to  the 
effect  of  the  prevailing  winds  wafting  any  miasms  in  the  direction  of  these  houses  ; 
but  more  careful  investigation  showed,  with  respect  to  these  houses,  that  the  current 
of  underground  water  was  from  south-east  to  north-west,  and  that  the  well  and 
cesspool  were  invariably  on  opposite  sides  of  the  house,  so  that  if  the  cesspool  was  on 
the  north,  the  weU  was  on  the  south,  and,  therefore,  located  above  the  cesspool,  as 
respects  the  fall  of  the  subterranean  water.    In  such  cases  the  house  had  been 
invariably  healthy ;  but  ui  every  case  in  which  the  cesspool  was  located  above  the 
well,  that  house  had  never  been  long  free  from  enteric  fever  so  long  as  the  water 
from  the  well  was  in  use ;  in  fact,  the  use  of  water  from  most  of  the  wells  so 
located  had  been  prohibited  by  the  doctors  in  attendance  on  the  occupants  of  these 
houses. 

From  what  has  just  been  said,  it  mil  be  seen  that  the  very  first  circumstance 
that  should  be  investigated  with  reference  to  a  shaUow  well  is  the  direction  of  the 
flow  of  the  underground  water.    This  can  generaUy  be  approximately  ascertained 
by  an  examination  of  the  locality,  and  paying  attention  to  the  circumstances  which, 
as  previously  explained,  affect  the  underground  flow.    The  conclusions,  however, 
which  are  thus  arrived  at  should  always  be  checked  by  taking  the  levels  of  the 
water  in  existing  wells  and  springs.    The  direction  of  the  underground  current, 
besides  showing  how  to  locate  the  well  so  as  to  avoid  contamination,  will  also  afford 
a  rough  indication  of  the  area  from  which  the  well  will  draw  its  supply.    This,  in 
many  cases,  will  enable  some  idea  to  be  formed  as  to  whether  the  supply  is  likely 
to  be  sufficient  or  not.    Tor  instance,  as  explained  on  page  818,  the  underground 
water  sometimes  takes  the  form  of  a  low  swelling  hill,  and,  in  such  cases,  a  well 
placed  near  the  summit  of  this  hill  of  water  would  be  much  less  likely  to  have  a 
good  supply  than  one  placed  lower  down. 

Another  point  which  it  is  very  useful  to  ascertain  is  the  amount  of  the  seasonal 
variations  in  the  level  of  the  underground  water.  This  is  of  importance"  for  two 
reasons.  In  the  first  place,  it  is  essential  that  the  bottom  of  the  well  should  be 
below  the  lowest  level  to  which  the  underground  water  falls,  otherwise  it  will  run 
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dry.  In  the  next  place,  when  the  seasonal  variation  is  lar^e  a  v^]^M  ,  • 
as  a  r.de,  less  litol,  to  be  oUained  than  .hen  the  sl^o^al  ^^^^ 
Information  can  often  be  obtained  with  reference  to  the  seasonal  vLT  f" 
inquiries  as  to  existing  wells.  ShaUow  weUs  are  not  genLTlH^^^^  len  r'tl  ' 
necessary  n.  the  first  instance,  so  that,  if  it  is  found  that\  J^Zot  tZ  l^Z 
to  fail,  It  may  be  assumed  that  the  bottom  of  the  well  is  a  few  feerb^irT 
lowest  water-level.     A  weU  where  water  is  drawn  by  a  bucke"  is  I  Y 

valuable  in  such  inquiries,  as  the  length  of  the  chain        give  an  dea  a^to^ ' 
o^est  level  of  the  water,  and  probably  the  person  who  dra^thTwa  rln  g^ve^ 
sonie  information  as  to  the  amount  the  chain  has  to  be  unwound  when  the  wlf i! 

In  the  hydrographical  survey  made  by  Herr  Thiem  when  investigating  the 
underground  water-system  in  the  neighboui-hood  of  Leipzig,  with  a  view  to  obtat 
a  supply  of  water  for  that  town,  many  interesting  faitswe  ascertained  Ih  ^h 
explain  cases  often  occurring  in  sinking  wells  for  houses.    For  instance,  it  some- 
xmes  happens  that  when  a  well  has  been  deepened  in  order  to  improve  the  supply 
the  water  is  entirely  lost  by  such  process ;  and  the  reverse  case  also  oc^uij 

where  a  well,  originally  dry, 
has  yielded  a  good  supply  on 
certain  strata  being  penetrated. 
The  following  are  examples 
of  local  irregularities  observed 
in  the  course  of  the  hydro- 
graphical  survey  at  Leipzig. 

The  case  in  Fig.  389  is  that 
of  a  slightly  permeable  bed  of 
sandy  loam  lying  on  a  freely-per- 
meable stratum  of  more  or  less 
seen  from  the 


Pig.  389. 


coai'se  diluvial  gravel.    WeU  a 


-  which  will  be  seen  from  the  diagram  to  pass 
through  the  loam  into  the  permeable  stratum,  has  a  water-level  corresponding  with 
the  general  underground  water  of  the  district,  wHle  well  b,  which  does  not  pass 
completely  through  the  loam,  has  a  water-level  which  varies  gi-eatly  with  the 
amount    drawn  out.     This  is 


-A 


water  meets  with  in  its  passage  ^  _______ 

through  the  partly  impermeable  y^^^t 
strata.  ^^^~^Z^^- 

Fig.  390  shows  a  case  where 
the  loamy  bed  has  great  hori- 
zontal extension,  having  below 
it  permeable  beds  of  coarse 
gravel.    Rain  falling  upon  the 


surface  percolates  into  the  loam, 
and  forms  a  sheet  of  water 
which  owes  its  continuity  to  the  slight  porosity  of  the  loam.  The  level  of  this  water 
is  constantly  varying,  because  this  suspended  water,  as  we  may  call  it,  is  slowly 
percolating  through  the  loam  into  the  lower  permeable  stratum,  and,  as  soon  as  it 


/■///.'- //.'y.    //./,■/'/,  /./ 

•IMPERMEABLE  v« 
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reaches  this,  it  falls  through  to  the  lower  water-bed  where  it  tas  a  seccuKl  bed  of 
.ater  at  a  lower  level,  as  shown  on  the  diagram.  Wells  ^-f^^Jo^  T  ^Y^l  B 
and  c  will  all  ?ive  different  results.  Well  A  will  constantly  yield  wate  .  W  ell  B 
w  no  %  Iny  water  at  all,  as,  directly  the  well  is  carried  «  ^^^^^^^^^^ 
le  water  ^vill  be  lost.  Well  c  will  only  yield  water  as  long  as  fresh  ^axn  ^aHs  b  fo  e 
Z  water-surface  in  the  loam  has  had  time  to  sink  to  the  bottom  of  tl-  -eU  - 
consequence  of  the  percolation  which  is  always  slowly  going  on  through  the  loam 
Srite'level  in  wells  a  and  b  may  be  gradually  lowering  while  the  water-level  of 
well  c  may  be  rapidly  rising,  owing  to  rain  falling  and  replenishmg  the  upper  beds 

-Firr  391  shows  a  case  where  a  bed  of  slightly-pervious  sandy  loam  has  a  thm  bed 
of  clay  underneath  it,"  which  offers  very  great  resistance  to  the  percolation  of  the 


Fig.  391. 


water  The  bed  of  loam  and  clay  forms  a  sort  of  island  in  a  permeable  stratum, 
the  underground  water  in  which  flows  from  left  to  right  upon  the  diagram.  The 
rain-water  falling  upon  this  island  will  pass  down  to  the  clay  bed,  and  gradually 
run  off  at  the  extremities.  As  the  resistance  from  friction  to  the  passage  of  the 
water  through  the  upper  bed  is  very  considerable,  the  surface  of  the  water  in  the 
island  will  assume  a  curved  form,  being  heaped  up  in  the  centre,  as  shown  on  the 
diagram.    Wells  c  and  D,  sunk  in  the  island,  will  run  dry  nearly  at  the  same  time  > 


but,  in  times  of  heavy  rainfall,  the  variations  in  the  relative  water-levels  of  these 
two  wells  will  be  considerable,  although  they  may  be  close  together.  Both  these 
wells  belong  to  the  same  bed  of  water,  but  yet  any  conclusion  drawn  from  observa- 
tions upon  them  would  be  entirely  erroneous  and  misleading.  The  observations 
upon  well  A  will  also  lead  to  erroneous  conclusions  if  taken  in  conjunction  with 
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well  c  or  well  d,  and  only  a  joint  consideration  of  wells  a  andT^i^iTT^T;"  

direction  and  fall  of  the  underground  water.  ^'^^ 

Fig.  392  shows  a  hillock  of  impermeablp  cjfvn+a  t- 
up  to  and  above  the  level  of  the  n^.         1         °  impermeable  bed 

surrounding  it.    A  wel    such  as  a  T  V  ^Tl^'Sf' 

bore  Wle  at  the  bottom  anotter  196  feet  de^^  k^^l  ^3    et  II  oS^^ 
effect  of  the  continuous  pumpin.^  from  thi«  -.vJi       f    i    1       altogether.  The 

P»mpJ;;trreW;,rrto';:nj:tt8^  con,pened  toee^e 

n.unly  due  to  percolation  from  cesspools  and  disused  wells,  which  had  been  mlde 
r  e  pt.cles  or  dra.nage ;  and  the  Committee  caused  the  communication"  h  se^rl^ 
of  these  to  be  temporarily  diverted,  at  the  same  time  pressmg  the  local  m  thoSer 
and  co-operatnrg  with  them,  to  carry  out  a  con.plete  selerage'scheme  c  ard  - 
By  these  measures  the  quality  of  the  water  was  so  far  impi^ved  that  it  wal  b  ouH  t 

In  1  the  '^"""'i--  -  ■reasonityTi' 

and  the  pumping  was  resumed."  ' 

On  looking  at  the  various  estimates  that  have  been  given  of  the  safe  distance 

Mth  then  extreme  discordance.    In  the  Local  Government  Bye  Laws  for  the 
c  ramage  of  towns  it  is  usual  to  fix  twenty  to  thirty  yards  as  the  least  allowable 
distance  of  a  well  from  a  cesspool.    Prof.  Frankland,  F.R.S.,  in  his  evidence  before 
the  Committee  of  the  House  of  Commons  on  the  PubHc  Health  Amendment  Bill 
says  that  a  well  should  be  at  a  distance  of  not  less  than  200  yards  from  a  cesspool' 
Agam,  taking  another  source  of  pollution,  namely,  cemeteries,  as  to  which  rules  have 
been  laid  down  in  various  countries,  we  find  that  in  Italy  no  well  is  allowed  to  be 
sunk  within  one  hundred  yards  of  any  cemetery,  and  double  this  distance  is  required 
in  France  and  Austria.    This  is  called  the  "protective  distance,"  but  has  in  some 
cases  been  thought  to  be  too  small.    The  Hygienic  OouncU  at  Brussels,  in  1852  ■ 
decided  that  a  distance  of  four  hundred  yards  was  protective ;  but  even  this  distance 
has  been  sometimes  conceived  to  be  inadequate.    In  Prussia,  no  cemetery  may  be 
located  within  five  hundred  paces  of  any  dwelling.    At  Stralsund,  in  Prussia,  the 
distance  required  is  one  thousand  paces.*    Lastly,  a  case  is  recorded  which  occurred 
at  Lausen,  in  Switzerland,  where  tlie  infectious  matter  of  typhoid  passed  under- 

*  Sixth  Annual  Report  of  the  State  Board  of  Health  of  Massachusetts,  1875. 
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<;ound  a  distance  of  about  a  n.ile  through  a  hill  to  a  village  on- the  opposite  side. 

^^C:^W^"Xresis  so  great,  that  at  fi.t  si.- it^— 
of  time  to  attempt  to  reconcile  them ;  but  a  Httle  consuWion  .vxll  show  that  they 
are  really  not  so  inconsistent  with  one  another  as  we  might  suppose.    In  the  case 
:  trcon^amination  at  Lausen,  the  public  well  was  proved  to  be  on  the  direct 
of  flow  of  the  underground  water  from  the  farm  where  the  typiioxa  ^^^^^^^^^^^ 
The  underground  communication,  moreover,  was  so  direct  that  when  the  land  below 
the  farm  was  irrigated  with  the  water  of  the  brook  which  was  contammated  with 
the  draina-e  of  the  farm,  the  water  of  the  public  well  in  Lausen  became  discoloured. 
Under  these  circumstances  it  is  evident  that  a  well  placed  only  a  short  distance 
above  the  farm  would  be  safer  than  one  placed  a  mUe  below.    This  shows  that  any 
estimate  of  a  protective  distance  without  taking  the  direction  of  the  flow  of  under- 
crround  water  into  account,  is  altogether  delusive.    There  is,  however,  also  another 
circumstance  which  cannot  be  left  out  of  consideration,  viz.,  the  amount  of  water 
drawn  fi'om  the  well.    In  order  to  draw  water  from  a  well  in  any  considerable 
quantity  pumping  must  be  resorted  to,  and  this  introduces  altogether  a  new  element. 

When  water  is  pumped  from  a  well,  the  eff-ect  is  first  of  all  to  lower  the  water  m 
the  well  itself,  and  then  to  lower  the  underground  water  for  a  certain  distance  all 
round  the  well.  By  this  means  a  depression,  of  which  the  well  is  the  centre,  is 
formed  in  the  underground  water,  and  as  far  as  this  depression  extends  the  under- 
ground water  is  dra^vn  towards  the  well.  The  amount  of  the  depression  and  the 
distance  from  which  the  water  is  drawn  to  the  weU  wUl  generally  increase  with  the 
amount  of  pumping ;  so  that  a  cesspool  which  may  be  quite  beyond  the  influence  of 
the  well  when  only  a  small  quantity  of  water  was  drawn  from  it  might  be  brought 
within  that  influence  when  a  large  quantity  was  drawn.  It  therefore  becomes  of 
great  importance  to  determine  the  form  taken  by  the  depression  which  is  produced 
l  )y  pumping. 

The  literature  on  this  subject  in  England  is  extremely  limited  and  somewhat 
misleading.  Probably  the  most  important  contribution  to  the  question  is  the  able 
report  which  Mr.  Kobert  Stephenson,  the  eminent  engineer,  made  about  the  water- 
supply  to  Liverpool  in  1850.  The  following  is  a  brief  abstract  of  the  conclusions 
he  amved  at  : — 

He  considered  that  "the  new  red  sandstone  rock  may  be  looked  upon  as 
almost  equally  permeable  in  every  direction,  and  the  whole  mass  regarded  as  a  reser- 
voir up  to  a  certain  level,  to  which,  whenever  wells  are  sunk,  water  will  always  be 
obtained,  more  or  less  abundantly." 

The  more  the  water  is  lowered  by  pumping  below  this  level,  the  greater  the 
quantity  that  will  be  obtained  from  the  well,  and  the  maximum  quantity  will  be 
obtained  where  the  water  is  lowered  nearly  to  the  bottom  of  the  well,  in  which  case 
the  mass  of  rock  which  has  been  drained  may  be  represented  as  an  inverted  cone. 
The  bottom  of  the  well  being  the  apex  of  that  cone,  the  sloping  sides  would  repre- 
sent the  inclined  surface  of  the  water  flowing  towards  the  well  in  all  directions. 
As  the  pumping  is  continued,  the  sides  of  the  cone  will  become  more  and  more 
obtuse,  or,  in  other  words,  more  nearly  horizontal.  untU  an  inclination  is  established 
where  the  friction  of  the  water,  in  moving  through  the  pores  and  fissures  of  the 
rock,  is  in  equilibrium  with  the  gravity  upon  the  plane.    He  further  pointed  out 
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that  the  area  drained  by  a  well  might  be  represented  by  a  circle  of  which  the  well 
was  the  centre,  and  that  whether  one  well  interfered  with  another  or  not  d  p^^^^^^^^^^ 
on  whether  the  dramage-cxrcle  of  one  well  iiaterfered  .Wth  the  drainage-circle  of  the 
other  well.    For  instance,  if  we  suppose  that  in  Fig.  393  a  well  is  .uSk  at  it 

C  F  r  ^^^^  represented  by  the 

circle  b  c  d  e.    If  another  well 


/                /       X         y  is  sunk  at  h,  it  will  drain  an  area 

/                /         \     /         \              \  represented  by  the  circle  D  i  k  l  ; 

/                /             1   I             \                 \  8,nd  as  these  two  circles  do  not 

A«|              joiD                             \^  *ouch  one  another,  the  wells  a 

\                \            ;  \            /                /  and  H  will  not  interfere  with 

\                         /     \        /                /  oiie  another.    If,  on  the  other 

''s^                             "^^  y               /  liand,  a  well  is  sunk  at  d,  it  will 

"~  —c""'   ^"i'^va.   an   area  represented  by 

^  circle  A  f  h  g.     This  circle, 
it  ^ill  be  noticed,  cuts  both  the 

sideied  that  the  radius  of  the  circle  in  the  case  of  the  severe  pumpii...  at  Liver- 
pool was  about  one  mile,  so  that  no  weUs  should  be  sunk  nearer  to  one'anotl  ei  han 
two  miles;  and  he  held  that  it  was  proved  from  the  experience  at  Liverpool  thatin 
some  cases  wells  affected  each  other  even  at  gi-eater  distances  than  this. 

The  later  literature  on  the  subject  in  England  is  little  more  than  a  repetition  of 
J!n;  b^.  ^''"^l-^^-^-    I-  ^i«  ^-eport  no  drawing  is  given  of  the  inverted 

cone,  but  m  subsequent  writings  sections  are  given,  some  of  which,  to  say  the 
least,  are  very  misleading.  The  usual  way  in  which  the  cone  is  represented  is 
shown  by  the  dotted  lines  A  b  and  a  c  on  Fig.  394. 

On  the  Continent  the  question  has  been  treated  much  more  exhaustively  In 
the  year  1863  M.  Dupuit  showed,  from  a  theoretical  consideration  of  the  question 
that  the  slope  of  the  water  towards  the  well  must  be  represented  bv  a  curved  line 
which  became  nearer  and  nearer  horizontal  as  it  receded  from  the  well.  Subse- 
quently, actual  measurements  were  made  of  this  slope  in  Germany  and  elsewhere 
which  fully  confirmed  Dupuit's  theoretical  conclusions.    In  Fig.  394,  the  horizontal 
line  H  M  L  P  represents  the  natural  surface  of  the  underground  water,  and  the 
curved  lines  A  d  e  p^a  g  h  the  slope  taken  by  the  water-surface  when  the  water  in 
the  well  is  lowered  to  the  point  A  by  pumping,  the  vertical  scale  being  purposely 
exaggerated  so  as  to  show  the  whole  of  the  curve  within  a  moderate  compass.  The 
actual  slope,  it  wUl  be  seen,  differs  very  materially  from  that  usually  shown  in  the 
English  works  on  the  subject,  and  some  important  results  follow  from  the  peculiar 
form  of  the  curve.    In  the  first  place,  it  wiU  be  noticed  that  the  effect  of  the 
curved  incline  is  to  make  the  influence  of  the  well  extend  much  farther  than  it 
would  if  the  incline  were  straight,  as  usually  represented.    In  the  next  place,  the 
rapid  rise  of  the  curve  near  the  well,  followed  by  the  gradual  flattening  afterwards, 
shows  that  the  influence  of  pumping  on  the_  underground  Avater  decreases  veiy 
rapidly  at  short  distances  from  the  well,  but  very  slowly  at  long  distances.  Hence 
observations  made  in  the  neighbourhood  of  a  well  may  lead  to  very  erroneous  con- 
clusions.   For  instance,  if  the  effect  of  pumping  at  A  were  observed  on  wells 
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situated  at  d  ruid  E,  it  would  be 
found  that  the  water  iii  D  was  only- 
lowered  half  as  much  as  in  A,  and 
ill  E  only  a  quarter  as  much  as  in 
A.  From  this  it  might  be  con- 
cluded that  a  Httle  farther  away 
than  E  the  underground  water 
would  not  be  aflected  at  all  by  the 
pumping  at  A,  but  the  curve  shows 
that  this  conclusion  would  be  quite 
wrong. 

If,  without  altering  the  depth 
of  the  well,  less  water  is  pumped 
from  it,  so  that  the  water  is  only 
lowered  to  i  instead  of  to  A,  the 
underground  water  will  take  the 
form  shown  by  the  curved  lines  i  L, 
I  M,  and  the  influence  of  the  pump- 
ing will  only  extend  to  l  and  M, 
instead  of  to  F  and  H.    From  this 
it  will  be  seen  that  what  primarily 
governs  the  distance  to  wdiich  the 
influence  of  the  pumping  extends 
is  not,  as  is  often  assumed,  the 
depth  of  the  well,  but  the  extent 
to  which  the  water  in  the  well  is 
depressed  by  the  pumping.  This 
flistinction  is  an  important  one,  as 
it  is  clear  that  a  shallow  well  may- 
draw  much  farther  than  a  deep 
■one  if  more  water  is  pumped  from 
the  shallow  well,  so  as  to  lower  the 
water-surface  to  a  greater  extent 
than  in  the  deep  well. 

As  the  distance  to  which  the 
influence  of  the  pumping  extends 
depends  so  much  on  the  depression 
due  to  the  pumping,  it  is  conve- 
nient to  express  this  distance  in 
terms  of  the  depression,  or,  in  other 
words,  to  say  that  the  distance  the 
well  draws  is  twenty  times  the  de- 
pression, thirty  times  the  depres- 
sion, and  so  on.  How  many  times 
the  depression  this  distance  is,  de- 
pends on  the  precise  form  of  the 
curve,  which  varies  greatly,  accord- 
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ing  to  the  nature  of  the  peinneable  strata  in   which  the  well  is  sunl-      T,  • 
distance  is  most  important  from  a  sanitary  point  of  view  rW 
does,  not  only  whether  one  well  will  influence  ^LL;Tu't  t  ^ 
well  wiU  be  polluted  by  a  ces^snnnl        .+7  whether  or  not  a 

nei«h.o„v„oo/;  and  we  U  S  ot  "^.e  ^Uril  7r  d"?"  f 
ifeent  circumstances.    From  what  ha^  teen  Z^S^^y  Z^  t  i  tXHw 
the  o,Jy  way  „  ascertain  with  precision  the  eitremo  dLanoe  from  whW  a  wel! 

bet  ZSTnt  i^EZ  anr  ^3  rT'"*^  1  '""^ 
Obtained  by  ti.s  n.ethod\brirX  r^aTioSt  :tht: 
distir         "  ^'"^  wear  te  give"  nea'r./tt  IZ 


TABLE  IV. 


Locality. 


Nuremburg,  No.  1  ") 
Well  ) 

Nuremburg,  No.  2  ) 
Well  j 

Dresden  . 

Leipzig  . 

Gravesend 
Liverpool 


Authority. 


Hcrr  A.  Thiem 

Ditto 

Herr  B.  Salbach 

Herr  A.  Thiem 

Eev.  J.  Clutterbuck 
IMi-.  G.  F.  Deacon 


Nature  of  Strata. 


Fine  Sand 

Ditto  . 
Fine  Gravel  . 
Very  Coarse  Gravel 
Chalk  . 

NewEed  Sandstone! 


Depression 
of  Water  in 
WeU. 


Ft. 
& 
1 

\  1 
\  2 
8 

\  6 
(  20 

10 

82 


Extreme 
distance  to 
which 

Influence 
of  Pumping 

extends. 


Ratio  of 
Distance  to 
Depreseiju. 


I-a. 

Teet. 

7 

23 

39 

4 

33 

24 

2 

23 

20 

2 

33 

15 

2 

180 

22 

7 

1,050 
1,378 

160 

3 

68 

f) 

600 

57 

0 

11,710 

143 

From  Table  IV.  it  will  be  seen  that  the  distance  to  which  the  influence  of 
pumping  extends  varies  greatly  in  different  cases,  being  in  one  case  only  fifteen 
times  the  depression,  and  in  another  as  much  as  160  times  the  depression.  The 
chief  circumstance  which  appears  to  influence  the  distance  is  the  degree  of  per- 
meability of  the  strata  through  which  the  water  has  to  percolate.    In  fine  sand  and 
fine  gravel,  where  there  is  a  large  amount  of  resistance  to  the  passage  of  the  water, 
the  distance  varies  from  fifteen  to  thirty-nine  times  the  depression.    In  the  chalk' 
where  fissures  exist  which  facilitate  the  passage  of  water,  the  distance  is  fifty-seven 
times  the  depression.    In  the  very  coarse  gravel,  where  the  water  percolates  freely, 
the  distance  is  from  sixty-eight  to  as  much  as  160  times  the  depression;  and  lastly, 
m  the  new  red  sandstone^  where  extensive  fissures  exist,  aflbrding  a  free  passage  for 
the  water,  the  distance  is  143  times  the  depression.    In  the  next  place,  comparing 
the  effect  of  different  depressions  in  the  same  well,  we  see  that  the  distance  does 
not  increase  as  rapidly  as  the  depression.    For  instance,  in  well  No.  1  at  Nurem- 
berg 7  inches  depression  gives  23  feet  distance,  and  1  foot  i  inches  depression 
(or  more  than  double),  only  gives  33  feet  distance;  and  similar  results  will  be 
seen  in  No.  2  well  at  Nuremburg,  and  in  the  Leipzig  well.    It  follows,  therefore, 
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of  the  depression  thaa  large  ones  do.    This  cu-cumstance 

in  the  case  of  wells  used  for  supplying  private  houses  as  w:  1  ^'^f^l^l^^'^^ 

Before  leavin<^  the  subject,  it  should  be  mentioned  that  for  the  sake  of  simplicity 
we  h"^^  the  naturil  underground  water-surface  as  level,  ^-^^^^l^H 
it  almost  always  has  more  or  less  incline.  The  ^^^2 
seem  to  show  that  the  incline  of  the  water-surface  does  not  ^^^^  ^t  ™ 
as  mi<^ht  be  expected  on  the  distance  to  which  the  well  draws,  so  that  the  principles 
explained  above  will  be  found  generally  applicable  in  practice. 

In  applying,  the  principles  just  explained  to  the  case  of  wells  supplying  private 
houses,  It  might,  at  first  sight,  appear  that  the  influence  of  ^^^^^'^l^^'^'l 
cannot  extend  to  any  distance.  The  quantity  of  water  drawn  from  such  wells  is 
comparatively  small ;  and  it  might,  therefore,  be  assumed  that  the  depression  of  the 
water-level  would  be  very  small,  and  the  distance  to  which  the  influence  of  the 
pumping  extends  also  very  small.  This  conclusion  would,  however,  be  erroneous. 
If  the  water  is  merely  drawn  from  the  well  by  a  bucket,  or  pumped  a  few  gallons 
at  a  time  as  required,  the  eff^ect  on  the  underground  water  will  no  doubt  only  be 
sHght,  but  in  houses  of  any  size,  when  proper  arrangements  are  made  tor  water- 
supply,  the  case  will  be  very  difierent. 

The  water  required  for  a  house  of  any  size  will  be  pumped  into  a  supply-tank, 
which  will  be  filled,  perhaps,  only  once  a  day,  and  the  time  occupied  m  pumping 
will  be  comparatively  short,  say  an  hour  or  so.  The  pumping,  therefore,  as  long  as 
it  lasts,  will  be  at  a  tolerably  rapid  rate,  and  the  depression  of  the  water-level  m 
the  well  at  the  conclusion  of  the  pumping  will  be  often  by  no  means  small.  Con- 
sequently the  distance  from  which  the  well  draws  (which,  as  we  have  seen,  depends 
on  the  depression)  will  also  not  be  small.  Even  in  cases  where  the  depression  is 
small,  it  must  not  hastily  be  assumed  that  the  influence  of  the  pumping  only 
extends  a  small  distance.  One  of  the  results  arrived  at  from  Table  IV.  was  that 
this  distance,  though  decreasing  with  the  depression,  did  not  decrease  nearly  so 
rapidly  as  the  depression ;  and,  consequently,  small  depressions  may  influence  the 
underground  water  at  comparatively  long  distances 
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CHAPTER  LXXXI. 

CONSTRUCTIOX  OF  WELLS  AND  EXAMPLES  OF  WATER-SUPPLY  TO  HOUSES. 
Tubo-wells— Method  of  Driving  Tube-wells  in  ^R^^n■ni,,„       a  tt. 

Wells  are  constructed  in  various  ways,  according  to  the  depth  to  be  sunk  and  the 
matena  to  be  excavated,  and  in  sonae  instances  give  rise  to  work  requiring  Vea 
skdl  and  expenence.  In  sinking  wells  through  strata  such  as  the  new  r"c1  stnl 
stone,  the  chalk,  or  the  oolites,  it  frequently  happens  that  no  lining  is  Zted  t 
the  SKles  of  the  rock  stand  without  any  support;  but  in  loose  deposits'  such  Z 
gravel,  clay,  and  sand,  the  case  is  enth^ly  altered,  and  recourse  must  be  had 
■to  Immg,  or  stemmg,  as  it  is  technicaUy  called.  The  most  usual  material  for 
stemmg  is  brick  either  laid  dry  or  in  cement.  In  some  cases,  however,  where  th 
work  becomes^difficult,  iron  cylinders  are  now  very  generally  used.    Again,  where 

great  depths  have  to  be  penetrated  in  search  of 
water,  boring  is  frequently  resorted  to. 

It  would  take  too  long  to  describe  in  detail 
the  various  methods  adopted  in  sinking  wells  and 
executing  borings.  We  will,  therefore,  confine 
ourselves  to  giving  an  account  of  a  simple  method 
which  has  been  introduced  in  recent  years,  and 
has  been  found  very  useful  for  domestic  water- 
supplies  ;  we  allude  to  the  so-called  tube-wells. 
The  nature  of  these  tube-wells  has  been  generally 
described  on  page  789,  and  we  will,  therefore,  at 
once  proceed  to  give  some  practical  details  with 
reference  to  them. 

The  tubes  used  for  tube-wells  are  of  wrought 
iron,  and  usually  liinch,  2  inches,  and  3  inches 
internal  diameter.  The  tube  is  perforated  at  the 
bottom  for  a  length  of  15  inches  to  3  feet,  with 
holes  varying  from  -i-  inch  to  I  inch.  The  lower 
end  is  furnished  with  a  steel  point,  as  shoAvn  at  a 
in  Fig.  395,  and  is  slightly  larger  than  the  tube 
itself,  the  object  of  this  being  to  make  a  passage- 
way for  the  sockets  by  which  the  tubes  are  con- 
nected. 

The  tubes  are  driven  into  the  ground  in  a 
Pig.  395.  ^vay  similar  to  that  adopted  in  pHe-driviag,  but 

instead  of  the  top  of  the  tube  receiving  the  blows, 
clamp  is  screwed  on  the  tube,  as  at  (b)  liy.  395.    The  monkey,  or  driving-Aveight, 
,  slides  upon  the  tube,  which  is  set  upriglit  in  the  tripod  (d,  d,  d,)  and  ropes  from 


TUBE-WELLS. 


833 


the  drivm.-weic^ht  are  passed  over  pulleys  in  the  top  of  the  tnpod  The  dnvxug- 
lei  '  tTn  w  raised  by  pulling  on  the  ropes  on  either  sixle  of  the  tube,  and  al  o.vn  g 
le  driving-weight  to  fall  upon  the  clamp  (b).  When  the  tube  has  been  dm  en  so 
hat  the  cWW  1-  reached  the  level  of  the  ground,  the  ^-xng-we,^^^^^^^^^ 
held  suspended,  and  the  clamp  is  removed  higher  up  the  tube  ^istan 
which  it  will  be  necessary  to  move  the  clamp  will  depend  on  the  ^a  "je  of  t^^e 
crround  :  if  the  ground  be  very  hard,  so  as  to  require  a  greater  fall  of  the  duvm  - 
weic^ht,  the  clamp  should  be  raised  only  one  foot;  if,  on  the  other  hand,  the  ground 
is  soft,  so  as  to  require  only  a  small  fall  of  the  driving-weight,  the  clamp^ay  be 
raised  two  feet.  The  driving  is  continued  in  this  manner  until  the  top  ot  the  tube 
has  passed  below  the  hole  in  the  tripod-head,  when  a  lengthennig-bar  {e  e)  must 
be  brought  into  use.  Tlie  object  of  the  lengthening-bar  is  to  take  the  place  ot  a 
new  lencrth  of  tube  until  the  first  tube  has  been  driven  completely  into  the  ground, 
when  the  lengthening-bar  can  be  removed,  and  the  new  length  of  tube  screwed  on. 
It  would  not  do  to  screw  the  new  length  on  before  this,  as  the  socket  would  be 
in  the  way  of  the  working  of  the  driving-weight. 

During  the  operations,  it  is  necessary  to  make  frequent  trials  to  test  for  the 
presence  o°f  water  or  accumulation  of  earth  which  may  have  forced  itself  through 
the  perforations  at  the  end  of  the  tube.  This  is  effected  by  lowering  a  hollow  iron 
plummet  within  the  tube,  when  the  level  of  the  water  or  of  the  earth  may  be 
ascertained,  and  in  the  case  of  earth,  a  small  portion  will  be  brought  up  on  the 
under  side  of  the  plummet.  If  the  earth  within  the  tube  has  accumulated  to  more 
than  one  foot  in  depth,  it  must  be  removed  by  the  cleaning-out  tube  specially 
provided  for  that  purpose.  When  the  accumulation  within  the  tube  is  of  a  sandy 
nature,  it  may  be  best  removed  by  the  pump,  water  being  first  poured  down  the  tube 
by  means  of  a  funnel. 

After  the  water  has  been  reached, -the  first  thing  to  ascertain  is  the  level  at 
which  it  stands  in  the  tube.  If  the  water-level  is  within  about  25  feet  from 
the  surface  of  the  ground,  the  pump  shown  at  Fig.  390  may 
be  used.  This  pump,  which  is  simply  screwed  upon  the  tube 
(see  Fig.  397),  is  of  special  construction,  having  an  en- 
larged top  to  facilitate  the  clearing-out  of  sand,  and  also 
a  peculiar  form  of  clack-valve  (a).  This  valve  has  a  tail- 
piece (b),  so  arranged  that  when  the  bucket  (c)  is  forced 
down  low  enough  it  presses  on  the  tail-piece,  opens  the 
valve,  and  allows  the  water  in  the  pump-barrel  suddenly 
to  run  back  into  the  tube.  This  arrangement  enables  an 
operation  to  be  performed  which  is  of  great  importance  to 
the  success  of  a  t\ibe-well.  The  water  is  repeatedly  drawn 
up,  and  then  suddenly  released,  by  which  action  the  ground 
around  the  perforated'  end  of  the  tube  is  loosened,  and 
a  space,  or  small  reservoir,  is  created,  allowing  the  water 
to  percolate  more  freely  to  the  tube.  The  water  at  first 
pumped  will  be  more  or  less  muddy  and'  mixed  with  grit, 
but  after  continued  pumping  it  becomes  in  most  instances  clear.  Should  sand, 
however,  accumulate  so  fast  as  to  preveiit  the  pump  from  raising  water,  it  will  be 
nec  03  ;ary  to  put  down  the  cleaning-out  tube,  and  clear  the  well  entirely  of  sand. 
57 


Fig.  306 
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'l.at  coutamiuation  from  all  source!  cal  7        ,'  ''"'"'^ 

that  the  mere   act  of  driving  a  tube-well,  instead  of  sinkin. 

obtahtr^  '  """^^ '  "^"^'^'^"^  '^"pi^^^  ^° 

Although  tube-wells  are  so  useful  in  many  ca^,es,  there 
are  practica  objections  to  their  adoption  in  some  instances. 
Ihe  fact  of  the  water  being  drawn  in  through  a  comparatively 
•small  area  at  the  lower  end  of  the  tube  causes  the  water  to 
enter  the  tube  at  a  high  velocity,  and  consequently  sand  or 
other  finely-di^dded  material,  is  often  carried  into  the  tube 
and  pumped  up  with  the  water,  so  as  to  render  it  unsuited 
for  use.  In  some  cases  the  water  becomes  clear  after  pump- 
ing for  a  considerable  time,  but 
in  other  cases  this  is  not  so ;  and 
unless  the  difficulty  can  be  got 
over  by  special  means,  the  water 
remains  unfit  for  use. 

Sand  is  one  of  the  most  trou- 
blesome soils  to  deal  with  in  this 
respect,  and  various  methods  have 
been  devised  to  exclude  it  from 
the  tube.  One'  method  which  has 
been  adopted  with  success  is  to 
withdraw  the  tube,  unscrew  the 
point,  and  then  drive  the  tube 
again.  Sand  is  afterwards  pumped 
out,  until  a  considerable  quantity 
has  been  raised,  so  as  to  form  a 
cavity  round  the  end  of  the  tube. 
Into  this  cavity  clean,  sharp,  grit 


gravel  is  introduced  through  the 
tube,  and  rammed  down  so  as  to 
fill  up  the  cavity,  as  shown  in 
Fig.  398.  The  open-ended  tube  is 
then  withdraM'n,  and  an  ordinarv 
pointed  perforated  tube  drawn 
into  the  artificial  bed  of  gravel  formed  in  the  cavity.  In  the  blowing  sand  at  Oqnng- 
ton,  in  Kent,  a  cavity  could  not  be  formed  as  in  the  last  example,  and  recourse  was 
therefore  had  to  putting  down  a  7-inch  tube  in  the  ordinary  manner,  clearing  the  sand 
from  Avithin  by  the  boring-shell.  The  7-inch  tubes,  ha\-ing  reached  the  desired  depth, 
were  now  gradually  withdrawn,  the  space  being  filled  in  through  the  top  of  tlie 
tuue  wjth  coarse  gravel,  forming  a  verticr.l  gravel-bed,  as  on  the  diagram,  Fig.  399, 


Fig.  397. 
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into  Avliich  the  ordinary  pointed  tube  was  driven.  To  prevent  surface-drainage 
contaminating  the  well,  clay  was  rammed  tightly  over  the  gravel. 

If,  on  the  other  hand,  the  stratum  penetrated,  instead  of  being  sand,  is  soft 
drift  chalk,  the  difficulty  is  frequently  very  serious.  The  water  pumped  up  has  a 
milky  appearance,  caused  by  admixture  of  particles  of  chalk,  wliich  are  so 
exceedingly  fine  that  it  is  almost  impossible  to  exclude  them  from  the  tube.  The 
authors  have  knoAvn  cases  in  which  the  water  has  been  quite  unusable  from  this 
cause.  The  difficulty  would  have  been  overcome  in  these  cases  by  a  dug  well,  the 
diameter  of  which  would  be  twenty  to  thirty  times  greater  than  that  of  the  tube- 
well,  so  that  the  area  through  which  the  water  filters  would  be  much  greater 
tlian  in  the  case  of  the  tube-well.  This  would  cause  the  velocity  of  entry  to  be 
gi-eatly  diminished,  and  the  particles  would  consequently  not  be  drawn  in  along 
with  the  water  to  any  great  extent.  The  dug  well,  moreover,  would  form  a 
reservoir,  or  settling-tank,  so  that  matters  held  in  suspension  would  be  deposited 
in  the  bottom  of  the  well.  In  cases  where  the  supply  feeding  the  well  is  small, 
a  dug  well  has  the  further  great  advantage  of  forming  a  reservoir,  in  which  the 
water  can  gradually  accumulate,  ready  to  be  raised  when  required  for  use. 


EXAMPLES  OF  WATER-SUPPLY. 

In  order  to  supply  a  house  satisfactorily,  the  water  should  be  delivered  to  the 
highest  parts  of  the  building.  In  many  cases  a  source  of  supply  may  be  discovered 
at  a  sufficient  height  to  deliver  the  water  bv  gravitation,  but  in  other  cases  the 
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Fig.  400.— Coimtry  Mansion. 


water  must  be  raised  either  by  utilising  the  power  of  a  stream  or  of  the  wind,  or  by 
adopting  some  special  means,  such  as  a  steam-engine,  gas-engine,  horse-power,  or 
hand-power.  ' 

Whether  the  supply  is  by  gravitation  or  by  pumping,  the  most  desii-able 
arrangement,  where  it  can  be  adopted,  is  to  construct  a  reservoir  at  a  sufficiently 
high  level  to  command  the  highest  parts  of  the  house.    Where,  however,  the  house 
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is  situated  on  liigii  ground,  a  reservoir  is  often  not  practicable,  and  in  such  cases  a 
svater-tower  may  be  adopted  with  advantage— that  is  to  say,  a  tower  upon  which  a 
tank  is  placed.    Where  tlie  cost  of  a  water-tower  cannot  be  incurred,  it  is  usual  to 


Fig  401. 


place  the  tank  in  the  roof  of  the  house ;  but  although  this  arrangement  may  give  a 
good  supply  to  the  house,  it  is  by  no  means  so  satisfactory  as  a  water-tower  in  cases 
where  a  fire-service  has  to  be  provided. 

As  an  example  of  a  watei--supply  by  gravitation,  we  give  in  Figs.  400,  401,  and 
402  the  particulars  of  the  method  adopted  for  a  mansion  in  Lincohisliire,  for  which 
we  are  indebted  to  the  kindness  of  Mr.  William  Eassie,  C.E. 

The  supply  was  obtained  from  springs  in  the  lower  oolite,  situated  at  a  and  b, 
Fig.  400,  which  gives  a  general  i)lan  and  section  of  the  works.  The  springs  were  at 


Fig.  402.— Sand-washer. 


a  considerable  elevation,  so  that  it  was  possible  to  take  the  supply  by  gravitatioi; 
and  thus  avoid  jjumpuig.  A  brick  chamber,  c,  was  constructed  to  receive  tlo 
Bprings,  spring  B  being  conducted  into  it  by  an  iron  pipe  under  the  brook,  ana 
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are 
cement, 


spring  A  by  an  earthenware  pipe 
structed  at  the  point  marked  c  on 

the  plan. 

These  works  are  shown  in  detail 
at  Fig.  401,  which  is  a  plan  and 
section  showing  the  filters  b  b  in 
duplicate,  and  the  covered  reservoir, 
These  portions  of  the  Avovk 
constructed  of  brickwork  in 
and  have  an  outer  lining 
of  clay  puddle,  in  order  to  make 
tliem  thoroughly  water-tight.  The 
water  from  the  springs  passes  into 
the  chamber  A,  from  which  it  is  led 
by  the  pipe  (a)  into  either  of  the 
filters,  B  B,  and  after  being  filtered 
it  passes  down  into  the  reservoir, 
c  c.    Tlie  filters  are  furnished  with 
clean  sharp  sand  and  gravel  eighteen 
inches  thick,  and  a  top  bed  of 
ei<ihteen   inches   of  clean-washed 
sand.    Near  the  filters  is  placed  a 
.sand-washer  (Fig.  402),  for  cleaning 
the  filtering-material.    The  gravel 
and  sand  to  be  Avashed  is  put  into 
the  perforated  iron  receptacle,  G. 
The  water  from  the  iron  pipe  which 
conveys   spring   B   (Fig.   400)  is 
brought  by  the  pipe  h  under  the 
perforated  bottom  (i)  of  the  iron  re- 
ceptacle, and  passes  upwards  through 
the  perfoi'ations,  thus  thoroughly 
washing     the  filtering-material. 
The  muddy  water  from  this  process 
escapes  by  the  eai-thenware  pipe  K 
into   a   ditch.    The   reservoir  is 
covered   over  with  stone  slabs  on 
iron  girders,  and  has  suitable  man- 
holes   for   access.  Bell-mouthed 
overflows,  six  inches  diameter,  are 
also  provided  for  the  reservoir  and 
filters. 

From  the  reservoir  the  water  is 
taken  by  an  iron  main,  c  D  ]•; 
(Fig.  400),  and  then  branches  off'  to 
supply  the  various  parts  of  the  mansion 


The  filters  and  service  reservoir  were 


also  CO.' 


Tliis  main  is  laid  at  an 


depth 


of  2  feet  6  inches,  and  provision  is_  made  by  a  number  of  hydrants  for  delivering 
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water  in  case  of  tire,  the  pressure  bein<^  sufficient  tn  Wo  ;+  +  ' 

building.    The  hydraulic  h'L  in  the  e.*M  hjrtl^  t  T" 

of  water  direct  from  the  main  ''^  1>""^^>"^ 

Theitetirdt:  ;:cuTi:HfL:!:^n?:rr  tr  -t'  - 

artesian  horing.  -Mch'yie,dc/wat;  etu^^^^^^^^^^^  f  '""^ 

required  height.  The  farm  homestead  itself,  which  is  ne.ar  Dorchester  i,  situated 
on  high  ground  at  the  junction  of  the  plastic  clay  and  chalk,  and  the  artiL  hoi' 


CHALK 


;.<X'1r.  •■  :      ',:';C.,  ,','-l-'-.<'(.\  \" 'I''  
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Bottom  of  Boring. 


Fig.  404. 


is  at  a  lower  level,  where  the  chalk  dips  underneath  the  plastic  clay.    Fi-s  403 
404  405,  406  give  the  particulars  of  the  works,  which  were  designed  and°carried 
out  by  one  of  the  authors  (Mr.  Rogers  Field.) 

Fig.  403  is  a  general  plan,  of  which  a  is  the  farm-house,  b  the  farm-buildino- 
J  the  artesian  boring,  and  k  the  hydraulic  ram.  The  artesian  boring  was  driven  to 
a  depth  of  nearly  fifty  feet  through  the  plastic  clay  formation  into  the  chalk,  and  the 
water  rose  about  six  feet  above  the  surface.  As  the  fall  which  was  available  for 
workmg  the  ram  was  very  slight,  advantage  was  taken  of  the  rise  of  the  water 
above  the  ground  to  give  additional  fall,  but  even  then  the  available  fall  for  working 
the  ram  was  only  7  feet.  From  the  ram,  k,  the  water  is  forced  through  a  U-inch 
wrought-iron  main,  k  f  a,  to  a  cistern  at  the  top  of  the  farm-house,  A,  the  total  lift 
from  the  ram  to  the  cistern  being  70  feet.  The  wrought-iron  main  is  protected 
from  rust  by  the  Barflf  process.  The  main  on  its  way  to  the  farm-house  supplies 
the  dairy  and  buildings  at  h,  the  labourers'  cottages  at  g,  the  foreman's  house  at  F. 
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imd  the  gardener's  house  at  e.    The  ov       .      ,     ,  , 
is  taken  by  a  l-inch  barffed  wrought-iron  pipe  (a  b)  to  v 


.-erflow  from  the  cistern  iii  the  farm-house 


■ai-ious  driuking-ti-oughs, 
.c 


■Vri:^S,'.f.'/rM\ 


after  which  the  overflow  passes  by  a  drain 
pipe  to  a  tank  under  the  engine-house,  c, 
and  finally  into  the  pond,  D. 

Fig.  404  is  a  section,  showing  the  rela- 
tive positions  of  the  bore-tube  and  hy- 
draulic ram.  The  water  from  the  artesian 
boring,  A  A,  rises  through  the  pipe  a  b  c 
into  the  coUecting-chamljer  c,  from  which 
it  flows  to  the  hydraulic  ram  d.  The  waste 
from  the  hydraulic  ram  is  carried  through 
the  drain  E  f  into  a  ditch  at  F.  Fig.  405 
is  a  detail,  showing  the  special  cast-iron 

bend  fixed  on  tlie  top  of  the  bore-pipe  to  ,  ,         i  ^ 

conduct  the  water  into  the  strainmg-chamber.  A  is  the  bore-tube,  and  B  a  mov- 
able cap  which  answers  the  double  purpose  of  affording  direct  access  to.  the  bore- 
tube  and  of  diverting  the  water  from  the  collecting-chamber  and  the  ram,  should 
this  be  required  for  repairs  or  any  other  reason.  When  this  cap  is  removed, 
the  water  from  the  bore-tube  will  escape  at  b  into  a  channel  constructed  in  concrete, 


SECTION. 

Fig.  406.— Hydrau'ic  Earn. 

which  conveys  it  away  into  a  ditch.  Fig.  406  is  a  detail  of  the  hydraulic  ram 
and  house.  A  b  is  the  cast-iron  pipe  bringing  the  water  from  the  collecting-chamber 
to  the  hydraulic  ram,  CD.  D  is  the  escape-valve,  and  C  is  the  air-vessel  from 
which  the  1^-inch  rising  main  is  led  to  the  farm-house.  E  F  is  the  drain  Avhich 
takes  the  overflow  from  the  ram.  It  will  be  noticed  that  the  ram  is  placed  in  a 
suitable  brick  chamber  partly  sunk  into  the  ground,  and  approached  by  the  door  G. 

The  quantity  of  water  delivered  to  the  house  and  buildings  is  800  to  1,000 
gallons  per  diem.  As  the  buildings  E  F  G  H  are  supplied  directly  by  the  rising  main, 
special  means  had  to  be  adopted  to  give  a  sufiicient  quantity  of  water,  and  yet  prevent 
waste,  which  would  have  interfered  with  the  supply  to  the  house.  The  amount 
pumped  by  the  ram  was  insufficient  to  supply  a  sudden  demand,  and  storage  had 
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therefore  to  be  provided,  as  it  would  not  dn  +n  ,,c^  +v     •  ^      .  ^ — 

storage  was  effeLl  in  a'si„„„e  wa^  by  ii J„„  a  T 

of  m  .-bing  n>ain  in  the  gl„d  flo^r'ot  t  e°  fa  Llo„  "   Se't"  7  "l 

rntatJ^uf^s::^^^^^^^^^^ 

;ef.  .Mo.  .o„M  W  ..ppo.  .he  ^ ~  -  ^ 

It  frequently  happens  that  the  water-power  is  affordpd  Iw  o  ,  •  ,  . 

of  suitable  quality  for  supplyin<.  a  house     ' ''^™'^      ^  ^vhich  is  not 

ram  like  that  described  aboL  could  not  of  on       1  '^^^"^"^'^ 
form  of  hydraulic  ram  cons^i  ^  Xli ^  ^ t .^^^^"^  ^ 

works  it,  the  most  convenient  and  re^h.^Z  ^^^'^  ^^^^  '^^^^^^ 

stream  drive  a  water-whee  o^tuXL  S  to  let  the 

water  to  the  house  from  a  sill  ''"^'^  ^^^^^  the  pure 

In  cases  where  no  >vater-power  is  avnilnKU  r.^^ 
power,  which  has  the  great  ad'v an^  g  o  t  tt~^^^ 

often  used  in  this  country,  but  in  America  tWhlv/ l  i  ^^l^^^'^^^^^^^  ^^e  not 
chief  drawback  in  dependinc.  on  72  Z       ■    .  ^^'^^'^^  employed.  The 

tb^f  "fr^'T  '''''''''  "^"'^      ^^^'^     ^  kind  of  power  such 

as  that  of  the  steam-eng.ne.    We  cannot  here  enter  into  the  relative  ^advantl/es 

to  c  \"s[Zr  "'-^'r ' ^^^^^^^"^  ^^ere  is  ottrwoS 

to  C  O  besides  pumping  (such  as  driving  machinery  for  a  laundry,  sawing  wood  etc  ) 
a  steam-engine  will  probably  be  advantageous;  but  where  thL  is  only  pumpW 
to  be  done  a  gas-enguae  or  hot-air  engine  ^vill  be  found  convenient  and  economical 


THE  NUBSERY. 

By  William  Squire,  M.D.,  F.fe.CP.,  etc. 


CHAPTER  LXXXII. 

Introductory-Health  of  Cliilclren  the  Measm-e  of  a  Healthy  Home-Main  Wants  of  the  Nursery 

the  same  in  aU  Grades  of  Society. 

The  ri^^ht  to  be  healthy  should  be  considered  as  much  the  inheritance  o£_  every 
naember  of  a  civilised  community  as  the  right  to  be  free.  At  length  this  right  is 
advocated  with  something  of  the  care,  study,  and  energy  expended  in  acquirmg 
political  and  religious  liberties.  The  truest  individual  freedom  is  found  m 
subservience  to  law.  Health  comes  from  obedience  to  the  sanitaiy  laws  which 
science  traces  in  relation  to  ourselves.  It  is  the  interest  of  the  whole  community 
to  apply  the  principles  of  sanitary  law  to  the  cii-cumstances  under  which  it  lives. 

The  forecroing  pages  wUl  have  shown  how  extensive  and  varied  are  the  means 
that  may  be°requisite  to  maintain  the  health  and  comfort  of  large  numbers  of  people 
associated,  as  is  now  more  and  more'the  rule  of  our  social  state.  At  first  sight 
the  appliances  required  seem  to  imply  a  great  increase  of  general  wealth,  or  immense 
strides  by  all  towards  social  equality.  This  is  not  so ;  the  objects  aimed  at  are 
independent  of  class  distinctions,  and  within  reach  of  the  poorest,  while  often  far 
removed  from  the  rich;  however  much  the  material  circumstances  of  private  life  may 
vary,  the  same  care  is  needed  to  see  that  common  articles  of  food  should  be  pure, 
while  fresh  air  and  cleanliness  may  be  attained  by  all.  Moreover,  economy  results 
from  co-operation  towards  a  common  purpose.  Water  is  supplied  to  a  number 
of  houses  at  less  expense  than  when  separately  fetched  by  the  inmates  of  each 
dwelling ;  at  the  same  time  refuse  is  removed  from  them,  and  sufficiency  of  light 
and  air  secured  at  a  moderate  rate. 

Sanitary  defects  in  dwellings  are  most  plainly  shown  in  spoiling  the  health  of 
children ;  the  young  soonest  suffer  from  bad  air,  noxious  vapours,  damp,  dust,  and 
want  of  cleanliness.  Into  houses  where  the  children  are  lively  and  well  we  may  be 
sure  no  sewer-gas  enters;  this  may  not  be  the  particular  cause  of  illness  where  children 
are  sickly,  but  some  violation  of  sanitary  law  will  be  found  that  checks  healthy 
development.  Nowhere  is  the  right  of  health  to  be  more  vigorously  maintained, 
or  more  jealously  guarded,  than  in  the  nursery;  for  while  the  neglect  of  sanitation 
here  saps  the  cheerfulness  of  childhood,  and  ruins  the  fair  prospect  of  youth, 
nowhere  is  attention  to  sanitary  law  more  promptly  and  permanently  rewarded 
than  in  the  normal  evolution  of  aU  we  hope  for  in  the  young.  Throughout  this 
article  the  healthy  condition  of  the  child,  and  the  means  of  ascertaining  it,  will  be 
set  forth  as  the  measure  of  how  far  the  nursery  is  made  healthy. 

The  details  of  nursery  fittings  must  vary  extremely  in  the  different  grades  of 
society,  while  many  of  the  same  details  of  nursery  management  can  be  commonly 
carried  out ;  the  princji;»les  to  be  kept  in  view  are  the  same  in  all  stations  of  life, 
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a^Kl  „,ay  often  be  as  well  observed  in  the  poorest  as  in  the  richest  dwellings 
No  amount  of  grandeur  will  keep  mansions  free  from  noxious  gases;  the  mot 
costly  chamber  soon  becomes  unhealthy  if  constantly  occupied  Luxury  can 
add  nothmg  to  the  pure  milk  required  by  infants;  when  this  has  to  be 
supplemented,  the  same  care  must  be  taken  that  the  added  food  should  be  fresh 
and  uncontamnrnted,  a  care  required  earlier  and  oftener  among  the  rich  than  amon. 
the  poor.  Arrest  of  nutrition,  actual  starvation,  from  dieting"  an  infant  on  Xt  f 
cannot  assmulate,  xs  stdl  frequent  among  all  classes.  Danget^  from  placi"  I  babv 
m  the  horxzonta  position  the  moment  it  has  finished  a  full  meal,  or  of  cove°4.ts 
ace  completely  durxng  sleep,  may  happen  on  a  bed  of  down.    Sleep  may  be  ™tec 

cfn  bf  k    A  '  r-T^f '  ^  '^'"^  -  gildelcraJle.  WarmS 

can  be  kept  by  plain  clothes  or  loose  wraps,  while  all  the  evils  of  chill  may  be  suffe"  d 
in  the  embroidered  dress  of  fashion.  ^  suneiea 

"  If  onely  to  go  warme  were  gorgeous, 
Why  ^s^ature  needs  not  what  thou  gorgeous  wear'st, 
Wiuch  scarcely  keepes  thee  warme." 

Xint/  Lear,  Act  II.,  sc.  4. 

Children  thrive  best  with  free  and  frequent  access  to  the  outer  air;  no 
attempt  should  be  made  to  render  any  suite  of  apartments  for  the  youn.. 
independent  of  this,  and  any  arrangement  that  makes  it  difficult  for  children 
to  get  out  of  doors  is  to  be  avoided.  The  infant  schools  for  the  poor  in  large  towns 
are  distinctly  useful  in  bringing  young  children  from  the  rooms  they  occupy  at  home 
into  the  fresh  air  twice  a  day.  All  schoolrooms  are  now  improved.  Thirty  years 
ago  some  class-rooms  in  our  highest  schools  were  inferior  to  any  since  permitted  to 
the  poor.  The  author  of  "Seven  Years  at  Eton"  says  (p.  47),  "There  was  one 
musty  little  place  under  the  colonnade  where  seventy  boys  used  to  be  packed,  but 
which  was  so  dark  and  stuffy  that  the  door  had  to  be  left  open  in  all  weathers. 
AnotJier  dreadful  little  room  was  a  narrow  loft  with  about  a  dozen  tiers  of  seats, 
the  uppermost  being  so  high  that  the  boys  seated  on  it  could  touch  the  ceiling.  The 
forms  were  so  low  and  so  close  to  each  other  that  boys  sat  with  their  knees  higher 
than  their  waists ;  and  the  boys  in  each  row  rested  their  backs  against  the  knees  of 
those  in  the  row  behind."  No  harm  resulted,  for  the  lesson  seldom  exceeded  half 
an  hour.  Longer  hours  in  a  cramped  position  will  cause  spinal  curvature  in  the 
young,  and  bad  light  in  reading  and  writing  continued  for  any  time,  produces  the 
short-sightedness  so  frequently  met  with. 

In  small  houses,  while  the  family  is  small,  the  best  rooms  are  very  properly  used 
as  nurseries ;  the  nursing  is  good,  for  it  is  directly  under  the  mother's  eye.  Here 
some  of  the  common  cares  and  duties  that  make  a  good  nurse  are  practically  taught. 
The  simple  precautions  thus  learned  are  not  always  attended  to  when  the  nurse  acts 
independently  of  the  mother.  Old  custom  lingers  long  in  nursery  matters,  longest 
perhaps  in  the  first  traditional  handling  of  infants,  where  the  experience  of  the  nurse 
has  to  be  trusted  to.  The  most  "experienced  nurse"  has  to  be  distrusted ;  experience 
IS  often  pleaded  as  an  excuse  for  carelessness,  or  is  a  cause  for  the  nurse's  convenience 
coming  before  the  welfare  of  the  cliild.  To  some  nurses  it  is  too  much  trouble  to  use 
a  thermometer  for  the  infant's  bath,  they  can  tell  if  it  is  the  riglit  heat :  if  not,  it  has 
been  said,  the  infant  will  cry  and  look  red  if  the  water  be  too  hot,  blue  if  too 
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cold.    They  are  slow  also  to  consult  the  thermometer  on  the  ^^^^^  f  ^^^^^^ 

room  to  be'  warm,  and  prefer  a  bright  light  from  gas  or   ainps  ^l^-  fl^tl 
licht  is  all  that  should  be  allowed.     In  a  large  establishment  the  ai-ran  e 
Sio?  the  rots  set  apart  for  the  nurseries  should  be  ^  ^^^f 

to  the  comfort  of  the  child,  they  should  be  so  near  those  of  he 
almost  part  of  them,  and  easily  visited  by  her  at  any  time  either  of  the  day  oi 

Our  first  notions  of  home  start  from  the  nursery.  Here,  when  all  the  wants  of 
early  life  are  met,  healthy  development  soon  leads  to  conscious  comfort.  ilie 
youngest  child  has  this  happy  knowledge.  Rooted  in  the  nursery  it  grows  and 
c^ains  upon  us  there.  Children  come  to  feel  that  food,  rest,  quiet,  and  pleasant  ease 
belong  to  the  place  to  which  they  are  always  brought  back  after  all  the  changes 
that  excite  or  tire,  where  some  one  shows  them  care  and  love,  and  tiie  greeting  o 
another  self  is  sure.  This  kindly  attention,  with  all  around  orderly,  clean  and 
cheerful,  not  only  makes  childhood  happy,  but  leads  to  strength,  good  nature,  trust, 

courage,  and  virtue.  i     n  i 

Houses  may  be  built  without  nurseries,  though  without  them  they  can  hardly  be 
made  homes.  Every  house  should  have  some  quiet,  cheerful  room  apart,  such  as 
mi"ht  be  a  delightful  retreat  from  the  busy  part  of  indoor  life,  undisturbed  by 
noi°ses  from  without.  A  double  door  easily  fits  this  to  the  requii-ements  of  a 
day-room  for  children  ;  then  noises  from  within,  necessary  to  active  childhood,  need 
•not  interfere  with  the  comfort  of  inmates  or  visitors.  This  room  should  have 
a  sunny  aspect,  with  large  low  windows,  a  cheerful  prospect,  and  possibly  a  separate 
entrance,  or  ready  means  of  going  out  of  doors.  The  bed-rooms,  near  together  and 
near  to  the  chief  family  room,  should  make  a  system  of  their  own,  with  clothes-room 
or  nurse's  room,  dressing-room,  bath-room,  and  closet  or  scullery  attached ;  the  one 
part  of  this  system  readily  associates  itself  with  the  principal  bed-rooms  of  the 
house,  the  other  with  the  department  of  the  housekeeper  or  other  domestics ;  a 
separate  staircase  is  always  a  convenience,  and,  if  for  children,  should  have  steps 
broader  and  lower  than  are  usual.  Some  of  these  rooms  can  be  readily  shut  off  if 
not  required. 

Such  elements  of  comfort  and  completeness  in.  a  house  are  always  serviceable ; 
no  better  accommodation  could  be  offered  to  friends  or  visitors  than  what  is 
designed  for  the  most  cherished  members  of  a  family.  If  happily  peopled  by 
children,  this  part  of  home  becomes  to  them  the  dearest  spot  on  earth.  It  may 
afterwards  be  the  delight  of  children's  children,  the  rallying-point  or  centre  of  a 
family,  that  shall  attract  its  many  members  and  hold  them  together,  knitting  the 
generations  each  to  each.  The  gradual  transfoi'mation  of  the  play-room  into  the 
study,  or  tlie  dressing-room  into  the  boudoir,  almost  like  a  part  of  individual 
evolution,  preserves  a  continuity  of  association  that  becomes  one  of  the  most 
treasured  possessions  of  the  inmates. 
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CHAPTER  LXXXIII. 

The  Youn,  n^uch  Indoors-Large  Proportion  of  Time  rcciuired  for  Rost-Eed-room  Conservancy-Pure 

An— Sleep— Infant  Physiology  and  Hygiene. 

Children,  are  the  better  for  frequent  changes  of  room ;  they  have  to  spend  most  of 
their  time  in  tlie_ house;  they  require  short  intervals  between  their  meals,  Avith 
quick  transitions  from  play  to  rest.  The  meals  should  be  taken  where  there  is  no 
htter  of  toys  j  a  quiet  room  is  needed  both  for  wk  and  sleep.  Means  of  getting, 
change  of  air,  and  of  taking  exercise  within-doors  or  under  cover,  are  essential  In 
town  houses  of  moderate  size,  the  best  place  for  welcome  change  is  the  drawin- 
rooui ;  It  IS  often  the  largest  room,  and  the  infant  may  well  spend  some  time  there"- 
all  the  cljildren,  under  supervision,  may  be  familiar  visitors. 

Home  life  to  the  younger  members  of  a  family  and  to  the  gentler  sex  means 
that  by  far  the  largest  part  of  every  day  must  be  spent  indoors,  and  half  of  it-at 
least  for  the  very  young— in  the  bed-room.    No  attempt  should  ever  be  made  to 
rear  children  m  a  single  room.    The  necessity  of  providing  a  full  supply  of  pure 
and  fresh  air  in  youth,  when  change  and  growth  are  most  active,  is  obvious. 
Whatever  has  been  said  of  the  general  requirements  of  a  house,  it  is  in  the  nursery 
where  all  that  is  most  essential  to  health  and  comfort  should  be  most  perfectly, 
represented.    The  active  man,  whose  duties  for  the  gi-eater  part  of  the  day  call  him' 
abroad,  sooner  forgets  his  fatigue,  and  has  his  strength  for  renewed  activity  more 
thoroughly  restored,  where  a  healthy  home  awaits  his  return.    For  those  who  have 
to  spend  most  of  their  time  within,  from  duty  or  necessity,  the  greatest  care  in  all 
the  details  of  a  wholesome  dwelling  are  most  wanted.    The  strong  man  after  free 
respiration  out  of  doors  may  pass  through  foul  or  damp  air  in  the  basement  of  the 
house  with  the  inner  breath  of  his  capacious  chest  untouched  ;  he  may  sit  in  a  close 
hot  parlour  without  enervation,  or  sleep  in  a  chilled  bed-room  without  his  vigorous 
circulation  being  seriously  depressed.    Not  so  those  who  stay  at  home ;  from  these 
evils  even  the  strong  would  suffer;   delicate  women,  susceptible  youth,  tender 
childhood  suffer  most.    The  mature  and  robust  bear  cold  well,  so  that  the  air  be 
dry  and  pure ;  the  young  must  have  warmth.    Another  necessity  for  those  much 
indoors  is  light.    No  room  can  be  healthy,  however  well  calculated  for  its  inmates, 
unless,  in  addition  to  the  requisite  air-space,  the  air  it  contains  is  being  constantly 
renewed ;    this  is  ventilation.     Most  important  of   all  those  requirements  is 
cleanliness. 

The  cares  exercised  for  a  healthy  person  kept  in  bed  by  an  accident,  or  for  an 
invalid  confined  to  the  house  or  room  for  a  season,  set  forth  what  infants  and 
children  want.  At  first  the  comfort  of  the  bed  room  is  everything  ;  the  night  is  not 
all  rest,  and  part  of  the  day  has  to  be  shaded  into  night.  Soon  it  becomes  possible 
to  change  the  room  for  a  time ;  then,  open  the  windows,  brush  the  floor,  dust  and 
clean  the  chamber,  so  as  to  replenish  it  with  pure  air,  and  remove  the  myriad 
particles  ever  spoiling  the  oxygen  of  its  freshness.  While  the  room  is  still  occupied 
much  of  this  can  be  done  ;  done  quickly,  that  the  temiDerature  be  not  lowered 
unduly,  and  so  done  as  not  to  expose  the  patient  to  chill.  .  The  air  of  the  room 
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must  be  chanc^ed,  to  some  extent,  both  in  the  day  and  at  night ;  a  partly-open  door 
0T.W0  v  only  dants  fresh  air  to  some  part  of  the  room,  but  if  not  to  the  paH  0 
iToom  occup'ied,  or  even  to  the  very  face  of  the  occupant,  the  ^-th  ;s  Wh^ 
over  a^^ain,  and  effete  matters  or  injurious  emanations  muigle  ^vltl  the  vital  aiu 
I  spedal  a'tmosph-e,  readily  vitiated,  forms  around  a  cot  or  within  ^^^J^^^^^^ 
a  bed  :  this  may  be  liked  for  its  warmth,  and  even  be  useful  on  that  account,  but 
this  i^er  air  must  not  be  kept  without  movement;  besides  the  storms  of  room- 
cleaning  some  gentle  famiing  should  from  time  to  time  disturb  its  quiet,  ihe 
lowest  layers  of  air  about  or  under  a  bed,  or  by  the  cot  near  it,  become  soonest 
impure;  respired  vapour  is  heavy,  and  contains  moisture,  with  numerous  particles 
that  settle  in  it,  contaminating  the  lower  stratum  of  air  even  when  nothing  is  lett 
near  the  bed  that  should  be  removed.  Have  no  receptacle  for  fluid  close  by  :  keep 
no  clothes  or  boxes  near  the  bed;  have  no  obstructing  valences;  and  see  that  the 
floor  is  clear  underneath. 

What  is  right  for  the  sick-room  is  right  for  all  sleeping-rooms,  and  of  greatest 
moment  in  the  room  where  a  child  is  born.  The  axiom,  "what  is  good  for  the 
mother  is  good  for  the  child,"  is  most  applicable  here.  The  mother's  room  is  the 
child's  first  nursery;  any  separate  apartment,  whether  with  fire  for  toilet  purposes, 
as  a  vestibule,  or  a  more  quiet  recess  for  the  cradle,  must  practically  be  part  of  the 
mother's  room  as  to  temperature  and  ventilation. 

Pure  air,  warmth,  repose  are  needed  by  both  mother  and  child.  A  few  words 
may  here  be  said  on  each  of  these  necessities  as  regards  the  child.  Air  to  breathe 
pro\-ides  for  the  first  great  want  of  every  independent  organism,  so  maintaining  the 
common  gift  to  every  living  creature — the  breath  of  life.  Warmth,  a  product  of 
every  living  body,  is  only  favoured  and  preserved  by  the  state  of  the  surrounding 
medium,  not  produced  by  it;  food  must  supply  the  material  for  nutritive  changes 
within  the  body  that  produce  heat,  while  growth  and  development  in  special 
structure  and  function  proceed.  In  the  higher  forms  of  life,  where  conscious  energy 
is  evolved,  the  alternation  of  sleep  becomes  a  necessity ;  simple  forms  in  the  lower 
stages  of  existence  may  slowly  vegetate  or  grow  with  no  other  changes  of  activity 
than  such  as  come  with  the  varying  degrees  of  heat  and  light  or  the  conditions  of 
the  medium  in  which  they  live.  Our  more  complex  bodies,  endowed  Avith  warm 
blood  and  organised  for  this  vital  current  moving  into  direct  and  constantly- 
renewed  contact  with  the  air,  start  at  the  instant  of  bu-th  into  such  activity  of 
function,  such  conscious  sense  of  change,  that,  but  for  the  repose  sleep  brings  to  the 
store-centres  of  energy,  exhaustion  following  effort  would  weaken  the  delicate 
structure  on  which  all  vital  actions  depend,  and  impair,  instead  of  aiding,  growth 
and  strength. 

Some  facts  and  observations  on  infant  physiology  will  help  to  explain  in  what 
degree  and  manner  sleep,  warmth,  food,  and  exercise  are  necessary  to  the  well-being 
of  a  new-born  child,  and  tend  to  the  maintenance  of  health  in  childhood.  No  point 
in  human  physiology  is  more  remarkable  than  the  uniformity  of  temperature 
preserved  by  the  body  in  health  from  the  earliest  infancy  to  extreme  old  age — 
literally,  from  the  cradle  to  the  grave — even  under  the  most  opposite  external 
conditions  of  heat  and  cold.  Many  causes  may  more  readily  depress  our  body-heat 
at  the  extremes  of  life,  and  the  young  require  to  be  carefully  guarded  from  much 
variation  of  external  temperature  in  either  direction.    It  is  obvious  that  in  relation 
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to  surrouudiiig  cold,  tlie  smaller  the  wnrm  l.r..i,,  '  

abst^ctecl;  it  is  f„„„d  «,at  exposu  t  ^3X3^3  „£ 

Leat-reguJatmg  processes  in  the  ycm^but  i^!  °°f  "''^^'owers  tl,e 

beings,  in  any  c  imate,  at  e.ery  perM  o'f  hf  "  """^ 

We  J.no.  tiat  tie  Varmtrrsle  anL^lr  ^ 
hybernation,  and  „nder  some  conditions  ^^^f  l^lZ 

that  of  tlie  medium  aiound  in  all     On.  '"7^.^°"';™' '  "      Maintained  above 
is  that  the  temperature  lo  U  b   neal  n  1       1    ""'^  °" 
just  37-  Cent.  /  it  may  be  one  X-e  twrt^:  sZ  u'' 
during  great  activity  of  function.    Tliis  hit  is  W    7'  *T        "  '"'«'■<"■ 
the  tissue  accompa'uying  nutrition  s^^t     t^r^^r  Lrd  bt:^^^^^^^^^ 
earned  in  the  blood,  together  with  nutrient  ,ri„    1  ^  ""^S™ 

influence  and  even  coLtro!  of  its  Snervat  or  H  >""■' 

ri^-r. r  ^^^^^^^^ 

outaLusanTX'ua^trL^et;^^^^^^^^^  - 
il!!'';'"  ""."P'^"  °«  tie  -Me  heat-r 


■egulating 


STetw^^rrr^  -sels  eonW,  allowing  less  Mood  to  en^:  t  th!t  tt 

Sert  oftlt  hn  1      •        "     ''^'^  '  '""^  blood  is  sent  to  the 

mterioi  of  the  .body  with  conservation  of  heat.  Not  only  cold  from  wJfl.nnf  ^  T 
notation  .fron.  within  (often  such  as  interferes  with  h«  Z)  ^1  in 

-     ^  ^^egree  makes 

Under  a  different  stimulus  the  cutaneous  vessels  relax,  perspiration  pours  forth 
and  the  intenor  of  the  body  loses  heat.  To  man  as  I'denLn  of  tltro  "  al 
chmates  this  degree  of  warmth  is  natural;  amidst  perfectly  congenial  surround^ 
he  pnniary  sensation  would  not  strongly  urge  his  intelligence  to  expedients  useful 
<.gainst  heat,  ram,  wind,  and  cold.  No  place  can  be  always  free  from  those  changes 
and  a  wider  experience  would  soon  enforce  the  necessity  of  some  provision  agaLi 
them.  Shelter,  hre,  and  clothing  are  the  earliest  conquests  of  humanity,  the  object 
being  warmth  ;  to  keep  oneself  warm  is  cited  as  a  proof  of  innate  or  mother  Avit  in 
Its  rudimentary  form.  To  long  and  constant  success  in  this  effort  the  equable  body- 
heat  of  our  race  may  be  due,  and  this  capacity  for  keeping  up  an  even  temperature 
IS  not  unconnected  with  the  progress  of  communities,  the  growth  of  social  manners, 
and  the  capability  of  sustained  powers  of  will  and  thought. 

An  infant  no  sooner  breathes  than  the  heat  of  the  body  attains  the  normal  • 
the  first  differences  of  warm  or  cold  felt  by  the  skin,  the  first  sense  of  touch' 
excite  the  requisite  movements  to  bring  air  into  contact  with  the  newly-diverted' 
blood  current,  and  life  goes  on  at  full  rate.  Hespiration  is  aided  by  a  child's  first 
exertion  in  crying ;  washing  and  rubbing  also  afford  an  exercise  beyond  the  muscular 
kicks  and  struggles  excited  ;  all  these  quicken  change  and  tend  to  develop  heat. 
Let  suitable  covering  retain  this  warmth  at  the  surface,  sleep  wiU  then  be  quiet 
and  prolonged.  A  healthy  chHd  born  at  term  has  a  reserve  supply  of  material  to 
keep  lip  the  body-heat,  so  that  a  little  liquid  only,  at  long  intervals,  is  all  the 
food  required  for  the  first  day  or  two,  and  that  little  can  mostly  be  supplied  by  the 
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mother.  The  right  time  lor  this  supply  of  food  is  after  sleep.  Sleep  is  interrupted  by 
a  sense  of  want  as  well  as  by  other  discomforts ;  those  obviated,  as  by  change  of  posi- 
tion or  of  ai-ticles  of  clothing,  or  by  warmth,  sleep  returns.  Sometimes  a  tight  band 
or  a  scratch  may  have  disturbed,  or  there  may  be  fulness  from  flatulence  after  food, 
or  distension  from  over-feeding,  or  heat,  or  thirst ;  so  that  if  food,  has  recently  been 
given,  instead  of  offering  more,  search  first  for  the  possible  cause  of  unrest ;  lighter 
covering  or  a  tea-spoonful  of  cold  water  may  be  all  that  is  requii-ed.  But  if  this 
sense  of  want  underlies  the  discomfort,  or  has  become  an  urgent  element  of  it, 
no  conciliation  is  possible  without  the  supply  of  food. 

During  perfectly  undisturbed  slumber,  while  motion  and  sensation  are  at  rest, 
secretion  and  nutrition  are  active,  repair  goes  on,  waste  is  less,  and  the  temperature 
of  the  body  is  slightly  lowered.  This  lowering  is  more  marked  in  profound  sleep, 
or  if  sleep  be  prolonged.  Under  the  stimulus  of  food  the  child's  temperature  is  at 
once  restored ;  give  only  a  small  quantity  of  food,  two  or  three  ounces  of  liquid  one 
degree  above  the  child's  body- heat,  and  the  whole  body  will  be  raised  half  a  degi-ee 
in  ten7perature,  an  increase  twenty-fold  that  of  the  heat  supplied.  Milk  and  water, 
taken  nearly  cold  or  several  degrees  below  the  child's  temperature,  will  determine  a 
similar  rise  more  slowly  produced.  No  infant  will  take  hot  food  ;  a  careless  nurse 
may  place  in  a  bottle  for  a  child,  liquid  as  hot  as  the  tea  she  drinks,  but,  saved  from 
scalding  by  the  elastic  tube  with  which  most  infants'  bottles  are  provided,  the 
child,  however  hungry,  will  not  draw  it  up  until  the  temperature  has  fallen  to  110'^ 
Fahr.,  or  what  would  be  considered  barely  tepid,  if  not  quite  cold,  by  a  tea-drinker. 
A  full  meal  of  some  of  tlie  more  stimulating  artificial  infants'  food,  or  even  a  full 
natural  meal,  will  sometimes  flush  the  head  and  face,  and  rouse  the  heat-regulating 
reaction ;  the  vessels  of  the  skin  fill,  and  free  perspiration  dissipates  any  excess  of 
heat-production.  To  allow  of  easy  escape  of  any  flatulence  in  the  stomach,  a  child 
should  be  held  up  or  a  little  forward  for  a  short  time  after  a  meal.  Nor  is  this  the 
time  for  replacing  the  infant  in  a  heated  bed  or  cot,  but  rather  for  change  of 
■covering,  or  a  complete  undressing  for  sponging  the  whole  surface  of  the  body. 
The  regular  morning  bath  is  better  given  a  little  time  after  a  slight  meal  than 
immediately  after  a  full  one.  The  water  should  only  be  tepid ;  after  free  ablution 
the  use  of  water  a  little  colder  than  the  bath  provokes  a  reaction  that  reddens  the 
skin,  and,  instead  of  lowering  the  temperature  of  the  body,  tends  to  equalise  it  by 
exciting  on  the  surface  a  degree  of  warm  already  existing  within. 

The  surface  temperature  soon  after  birth  has  been  found  higher  than  that  of  the 
interior  of  the  body ;  this  shows  the  care  necessary  to  guard  the  tender  skin  from 
rough  handling  or  over-stimulation.  Continued  excitation  or  undue  reaction  would 
tend  to  exhaustion  without  rest  and  sleep. 

These  physiological  commentaries,  if  only  indirectly  applicable  to  the  nursery, 
embody  principles  very  generally  attended  to  by  the  nurse;  they  indicate  many 
points  of  nursery  management  and  some  of  the  provisions  necessary  for  the  nursery. 
Healthy  balance  of  action  is  aided  by  external  dry  warmth  and  the  intermitting 
stimulus  of  light.  The  child  should  be  dressed  and  undressed  before  a  flre,  or,  in 
summer,  in  sunlight.  A  blaze  from  the  hearth  is  a  cheery  substitute  for  sunshine ; 
it  is  grateful  to  other  senses  than  that  of  sight,  and  makes  thor)iS|jh  exposure  of 
every  part  of  the  body  for  cleanliness  and  comfort,  not  only  safeT^ul  wholesome, 
but  pleasant.    At  fii-st  the  infant  has  better  care  in  close  proximity  to  the  mother  s 
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room  than  IS  possible  m  the  nursery  for  other  children;  they  would  disturb  the 
new-comer  m  the  day,  and  in  then-  turn  be  disturbed  at  night.    Night  is  not  the 
only  season  of  repose  for  young  infants ;  sleep  comes  to  them  as  readily  in  the  dav 
m  the  night  and  their  food  is  often  as  easily  obtained  in  the  night  as  in  the  day 
Not  many  revolutions  of  the  earth  brines  "  ^' 


"  Labour  and  rest,  as  day  and  night  to  men 
Successive,  and  the  timely  dew  of  sleep 
Now  falling  with  soft  slumbrous  weight  inclines 
Our  eyelids ;  other  Creatures  all  day  long 
Eove  idle  unimploid,  and  less  need  rest ;  ° 
Man  hath  his  daily  work  of  body  or  mind 
Appointed,  which  declares  his  Dignitie, 
And  the  regard  of  Heav'n  on  all  his  waies; 
While  other  Animals  unactive  range, 
And  of  their  doings  God  takes  no  account." 

Taradiae  Lost,  Bk.  TV.,  lines  613—622. 

Some  harmony  of  this  rhythm  undulates  into  our  being,  and  habit  soon  be-ins  to 
play  its  part  in  favouring  the  hours  of  sleep.  ° 

An  important  part  of  education  is  to  fix  useful  habits,  and  it  is  one  that  cannot 
be  commenced  too  soon.    Sleep-tired  nature's  sweet  restorer-is  as  essential  to  the 
building  up  of  the  body  and  the  acquirement  of  the  complex  nervous  organisation 
in  man  as  it  is  to  the  repair  of  waste  or  to  the  restoration  of  energy.    A  mobility 
of  nervous  functions,  to  which  many  of  the  dangers  incidental  to  infantile  life  are 
due,  most  marked  in  the  earlier  months  of  life,  is  prolonged  or  intensified  by  want 
of  sleep.    This  gives  rise  to  great  trouble  at  the  moment,  and  to  after  anxiety  from 
persistent  neurotic  disturbance.    A  large  share  of  undisturbed  slumber  La?  to  be 
secured  for  infants,  some  of  which  must  come  in  the  day ;  for  this  purpose  the' 
place  for  repose  must  be  shielded  from  light  as  well  as  from  noise.    Too  much  light 
can  hardly  be  admitted  to  children's  day-rooms,  but  the  sleeping-room  must\e 
shaded  from  the  direct  sun  by  blinds  or  shutters,  and  the  beds  so  arranged  as  not  to- 
face  the  early  sunlight.    The  only  means  of  making  darkness  visible  to  be  allowed 
in  the  bed-room  at  night  are  a  shaded  candle  or  night-lights ;  of  the  latter,  those 
that  burn  ten  hours  in  the  winter  and  six  or  eight  in  tlie  summer  do  very  well- 
with  a  covered  vessel  over,  where  some  water,  barley  water,  or  cocoa  can  be  kept 
warm  to  use  with  fresh  milk,  if  food  is  wanted  in  the  night.    All  spirit-lamps  are 
dangerous;   the  solid-flame   adaptations  to  various  cooking-tins  are   only  for 
exceptional  pm-poses,  and  entail  risks  of  accidental  upset. 

As  a  matter  of  habit,  it  is  important  not  to  be  late  in  getting  an  infant  to  sleep, 
nor  to  choose  the  night  hours  for  a  full  meal.  The  child  should  be  dressed  at  the- 
same  early  hour  every  evening;  the  last  meal  can  be  taken  comfortably  after 
the  bath,  some  time  before  sleep.  After  the  chief  morning  meal,  which  follows 
the  bath  or  dressing,  is  a  good  time  for  a  child  to  sleep.  Nor  does  the  sleep  out 
of  doors,  soon  induced,  prevent  sound  slumber  on  coming  in,  after  the  further  fatigue 
of  change  of  ckess  and  the  satisfaction  of  the  mid-day  meal.  Young  children 
wake  early  in  tne  morning,  and  are  quite  ready  for  a  nap  after  breakfast  as  well  as 
after  dinner.    These  two  periods  of  the  day  may  well  be  chosen  for  favouring  a 
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regular  time  for  rest ;  either  may  be  selected  for  habitual  continuance  for  a  year 
or°o  after  the  child  leaves  its  first  nursery.  In  this  garden  of  Eden,  where  the 
cliief  wants  of  food  and  warmth  are  provided  for,  the  child  will  grow  and  flourish  , 
but,  instead  of  always  staying  in  this  paradise,  it  must  be  carried  into  the  outer 
world  for  the  mild  excitement  of  changed  surroundings,  and  for  the  double 
necessity  of  breathing  fresh  air  and  of  admitting  new  air  to  the  room  last  occupied. 

Children  sometimes  suffer  fatigue  or  chill  from  the  way  in  which  they  are  drst 
dressed  in  the  morning ;  they  require  a  biscuit  or  some  milk  as  soon  as  they  get  up, 
and  before  the  ablutions  begin ;  it  is  much  better  to  give  them  a  general  wash  in 
warmed  water,  in  which  they  could  stand  whUe  being  sponged  over  with  cool  or 
tepid  water,  than  to  chill  them  when  their  powers  of  reaction  are  at  their  lowest. 
The  soap  used  should  not  be  irritating  from  excess  of  alkali,  or  from  impure  and 
imperfectly-combined  ingredients.  Babies  most  easily  suffer  from  this,  and  also 
from  want  of  care  in  the  warmth  of  the  water  used,  or  from  harsh  rubbing ;  they 
also  suffer  many  things  both  from  the  kind  of  dress  and  the  fashion  of  dressing 
them ;  a  broad  band  is  so  rolled  on  as  to  compress  the  abdomen,  and  comes  up  so 
high  on  the  chest  as  to  interfere  both  directly  and  indirectly  with  free  breathing  ; 
then  come  complex  many-stringed  instruments  of  torture,  while  thick  folds  of  linen, 
flannel,  or  even  macintosh,  curiously  mvolve  the  legs  ;  over  all  comes  an  inexplicable 
length  of  garment  that  is  actually  doubled  on  to  the  child,  so  as  to  ensure  every 
form  of  over-heating,  pressure,  and  encumberment.  After  a  month  of  this  process, 
aided  by  hoods,  flannels,  shawls,  and  wraps  of  all  kinds,  a  strange  variation  is 
adopted  ;  the  under  bands  and  folds  are  left,  but  a  short  outer  garment  is  provided, 
with  curious  holes  cut  in  the  stiffened  edges,  so  as  to  make  sure  that  it  shall  afford 
no  protection  to  legs,  arms,  or  neck,  if  it  were,  indeed,  fashioned  to  cover  or  even 
come  at  all  close  to  them.  To  prevent  the  possibility  of  this,  and  thoroughly  to 
expose  the  chest  and  arms,  a  string  or  ribbon  ties  the  edge  of  the  degenerated  or 
absorbed  neck  or  shoulder-piece  to  what  remains  of  a  rudimentary  or  metamorphosed 
sleeve.  It  is  interesting  to  know  that  this  picturesque  fragment  of  some  past 
phase  of  dress  development  can  be  preserved  without  the  sacrifice  of  effective 
covering  by  inserting  a  close  sleeve,  or  putting  beneath  the  frills  a  little  knitted 
jacket ;  or  one  of  soft  texture  can  be  made  to  go  moderately  high  on  to  the  neck, 
with  a  seam  over  the  shoulder  to  let  it  He  flat  to  the  upper  pai-t  of  the  chest,  and 
a  sleeve  cut  with  a  good  angle  for  the  elbow  and  a  very  short  inside  seam  ;  this  bit 
of  clothing,  if  of  nice  material  and  colour,  has  a  pretty  effect  under  the  open-work 
embroidery,  thus  shown  off  to  advantage  without  risking  the  exposure  of  half  the 
cliild's  body.  Effective  protection  of  the  other  half,  which  it  is  most  important  to 
keep  warm,  presents  greater  difiiculties.  Much  irritation  is  produced  by  keeping 
damp  clothes  close  to  the  skin,  and  more  when  caustic  soda  has  been  used  in  washing 
and  is  left  from  careless  rinsing  and  drying.  All  impervious  wraps  are  to  be 
avoided  ;  there  must  be  frequent  changes  of  linen.  An  infant's  tender  skin  has  to 
be  kept  dry ;  it  is  soothed  and  protected  by  the  use  of  violet  powder  after  bein'^ 
washed.  The  best  toilet  powders  are,  in  some  degree,  antiseptic,  and  are  constantly 
improving  in  this  direction.  French  chalk,  white  fuller's  earth,  or  Taylor's  Cimolia 
already  replace  starch,  and,  instead  of  orris-root,  eucalyptus  oil,  menthol,  or  boracic 
acid  might  be  used  in  nurseiy  powder  ;  the  latter  is  now  in  use  under  the  name  of 
Sanitaiy  rose  powder. 
58 
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CHAPTER  LXXXIV. 
Heat  of  Eooms-Of  Baths-Thermometers-Effects  of  Heat  and  Cold. 

t^Zto  ^"^'''^  ""T  '^^'^  *°  ^  «^P--*«         -«-s  must  be 

taken  to  secure  moderate  warmth.    Sudden  changes  of  temperature  are  to  be  avoided 

.rd  special  care  must  be  taken  against  any  long  continuance  in  a  low  temperature 
^  smaU  child  soon  loses  heat,  and  is  most  depressed  by  such  loss  during  sleep.  In 
many  .cases  of  illness  or  weakness  a  fall  of  ten  degrees  in  the  child's  room  may  be  of 
the  utmost  injury.    Besides  proper  means  of  warming  children's  rooms,  and  care  to 
see  that  windows  are  closed  in  cold  weather  after  the  air  of  the  room  is  chanc^ed 
the  chamber  thei^mometer  an  indispensable  requisite  for  the  nursery,  must  alwayl 
be  consulted.    The  bath  thermometer,  with  its  metal  trough  and  high  index,  often 
extending  to  the  boilmg-point  at  212°,  does  not  answer  the  purpose ;  and,  mo;eover 
should  always  be  kept  in  the  bath-room  to  be  ready  for  use  in  any  bath,  whethe^ 
cold,  tepid,  or  hot;  but  a  cheaper  instrument,  mounted  on  wood,  with  more  open 
register,  the  degrees  from  30  to  100  conspicuously  marked,  should  be  so  placed  in 
any  room  that  the  variations  can  easily  be  noted. 

A  portable  thermometer  of  this  kind,  with  sufficient  sensibility  to  show  the 
variations  of  temperature  within  a  few  minutes  of  being  moved  from  one  room  into 
a,nother  or  into  rHfferent  parts  of  the  same  room,  is  sold  for  a  shilling.    Such  a 
tuermometer  required  ten  minutes  to  show  a  variation  of  five  degrees,  from  62"  to 
57°,  on  being  moved  from  one  room  to  another,  both  with  closed  windows.  Com- 
pared with  an  accurate  instrument,  this  cheap  one  was  very  correct  from  40"  to 
y0°  and  fairly  sensitive,  therefore  quite  useful  as  a  fixed  chamber  thermometer,  but 
not  fitted  for  use  in  the  bath.    The  upper  register  was  slowly  reached,  and  not  to 
be  depended  on  above  100",  just  at  the  critical  point  for  the  proper  limit  of 
temperature  in  a  hot  bath.    The  two  instruments  have  bulbs  of  the  same  size,  each 
with  tubes  six  inches  in  length,  the  more  accurate  one  is  graduated  to  235°  Fahr.,  the 
other  is  marked  to  120°  in  the  same  space.    The  latter  is  less  adapted  to  general  use, 
as  the  wood  frame  on  which  it  is  mounted  retains  heat  for  some  time,  especially 
after  immersion  in  hot  water.    Either  of  them  carried  from  a  room  at  55°  to  one  at 
65.°  will  rise  one  degree  a  minute  at  first,  but  instead  of  both  continuing  to  rise  at 
this  rate  so  as  to  mark  the  full  difierence  of  temperature  in  ten  minutes,  the  cheap 
thermometer  after  four  or  five  minutes  moved  one  degree  in  two  minutes,  and  then  one 
degree  in  three  minutes,  and  finally  took  half  an  hour  to  show  the  true  temperature 
ot  the  room.    On  moving  them  from  a  warm  to  a  cold  room  a  similar  rate  of  fall 
was  observed.    This  i-ate  will  of  course  be  the  same  in  showing  differences  of 
temperature  in  different  parts  of  the  same  room.    A  spirit  thei-mometer  is  even 
slower  to  rise,  and  longer  in  losing  heat.    A  thermometer  kept  always  in  the  room 
is  the  best  guide  to  its  true  temperature.    Spirit  may  do  very  well  for  a  stationary 
thermometer ;  a  mercurial  thermometer  is  better  for  moving  from  place  to  place. 
If  a  child  and  a  thermometer  are  moved  into  a  cold  place  together  the  child  may 
suffer  from  chill  before  the  thermometer  has  had  time  to  show  how  low  the  tem- 
perature really  is.    In  dealing  with  liigher  temperatures  or  with  greater  differences 
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shown  by  mercurial  thermometers,    ihe  stanaara  one  > 

Tfive  selds  and  completely  so  in  ten  seconds.    On  plungmg  the   -  ord^-/ 
thermometers  \n  water  of  this  heat,  both  rose  to  100°  m  ten  seconds;  in  kJf-a-mmu  e 
r  ^re  was  marked  by  the  more  accurate  of  these  thermometers,  which  was  ha  d^ 
LTcated  on  the  other.     They  remained,  one  four  degrees  and  the  other  eight 
leorees  below  the  true  temperature,  a  serious  defect  in  the  matter  of  a  hot  bath 
t°ery  bath  thermometer  should  be  compared  with  a  good  chnxcal  tl^-mo-eter  at 
he  register  from  95=  to  105%  so  that  errors  may  be  allowed  for  ;  or,  avo.d  hot  baths 
for  cMdren     A  small  thermometer  with  an  index  of   three  or  four  inches, 
extendmg  from  the  freezing-point  of  water  to  100°  or  110°  of  Fahr.,  aa.swers  ve^ 
well  for  rooms.    The  Centigrade  thermometer  is  m  universal  use  for  scientific 
purposes.    The  zero  for  this  is  at  the  freezing-point  of  water,  that  of  F>vhrenheit  is 
32°  below     Many  of  the  ornamental  forms  made  abroad  are  marked  on  Reaumur  s 
.scale,  and  if  our  own  have  not  the  Reaumur  degrees  marked  on  the  right  oi 
the  index,  they  all  have  the  words  freezing,  temperate,  summer-heat,  and  blood- 
heat  put  there  exactly  at  0°,  10°,  20°,  and  30°  of  Reaumur's  thermometer.  These 
are  the  Hmits  on  the  various  thermometers  in  use  of   every-day  importance. 
For  extreme  heat  we  may  add  the  degrees  113°-122°  F.,  represented  by  36°-40°  R. 
and  45°-50°  0.    For  indoor  purposes  the  line  marked  temperate  should  be  raised 
to  60°  on  our  thermometers,  to  12°  R.,  and  15°  C.  at  least.    75°  F.,  or  19°  R.,  and 
24°  C,  is  as  high  as  the  indoor  temperature  should  be  allowed  to  reach  without 
adopting  artificial  means  of  refrigeration. 

A  comparison  of  the  difierent  thermometers  is  given  in  the  following  table. 

TABLE  or  THERMOlMETlilC  EQUIVALENTS. 


Practical  Notes. 


1.  Great  caxe  in  waps  and  warmth. 

2.  No  room  to  remain  below 

3.  Fire  or  extra  clothing  required 

4.  Lower  limit  of  temperate 

5.  Mean  temperature . 
<).  Upper  limit  for  heating  rooma 
7.  Artificial  cooling  required 

Care  in  out -door  exercise 
a.  Lower  limit  of  depressed  hody-heat 

10.  Normal  body-heat  ... 

11.  Fever  heat  .... 

12.  Extreme  temperatures  borne  by 

body  


the 


iPahrenlieit. 

Centigrade. 

Reaumur. 

Thermometer 
Marks, 

32° 

0° 

0° 

Freezinff. 

41 

6 

4 

)  Cold  enough 

60 

10 

8 

\     for  larder. 

55 

12-5 

10 

Temperate. 

59 

15 

12 

1  Cold  bath. 

68 

20 

16 

77 

25 

20 

Summer  Seat. 

86 

30 

24 

Tepid  bath. 

95 

35 

28 

Warm  bath. 

98-6 

37 

30 

Blood  Seat. 

104 

40 

32 

Hot  bath. 

113 

45  • 

36 

■ )  Fever  Seat. 

122 

50 

40 

\  Vapour  bath. 

140 

60 

48 

Water  scalds. 

212 

100 

80 

IFater  boils. 
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Ihe  itaHcs  in  the  last  column  are  words  marked  nn  mn.f  fi, 

excepting  the  first  and  last  terms,  which  are  fix^d  nottT  .1  '^^^"".^"^^^^^^  ^ 
rather  than  accuracy  ;  some  comments  usefuTL  preparin^L^^^^^^^  T 

column.    The  temperature  of  the  room  is  a  faTr  S.  f "  tl       1 1  f 
rt  is  well  to  add  I  little  warm  water  t^^  ^l^^J^, 

warm  or  tepKl  water,  and  sponge  over  the  surface  with  water 'of  the  timperat 

SlT"'  ''^r^  "i*^^  ^  —  *-el  and  gentle  faction.  Z  l 


iure  of 


of  young  infants  ^alwa^^  ™  ~  ^-^r 

above  the  temperature  of  the  room  as  the  nurse  may  jud^e  ne»  herrthl 
sensatxon  of  the  hand  and  ann  may  generally  be  trusted,U";e^nes;^^^^  he 
estimate  should  now  and  then  be  tested  by  a  thermomeier.    A  war^or  Tot  bath 
.  for  he  complete  .mmersxon  of  a  child,  should  never  be  given  without  areful  use  o^ 
an  accurate  thermometer.    A  temperature  of  98°  is  quite  enough  to  be<S.  w  th 

oT'r:  heiLf  9?o  fo^  ''r"--'''       ^^^^^^  ^ 

ot  pam  a  heat  of  99  or  100  may  be  required ;  if  so,  the  child  should  be  removed 

dele' "^^^^      ""'"'^  therm  mlc 

degiee  obtained.  No  hurry  is  ever  aUowable  in  preparing  a  hot  bath  Manv 
o   the  emergencies  for  which  a  hot  bath  is  recommended  ^ould  be  more  s  fe  v 

Tto  "^^^^^^^  -^-^^  consideration 

nf  Ul  \  1  ^"t^^  V  ^PProP^-^ate ;  it  is  seldom  proper  during  febrile  symptom, 
of  any  kind;  elevating  the  temperature  of  the  blood  above  the  normal  is  a  stimulus 
IZ  Y^Vf'^J'^';^^  ™th  just  sufficient  to  dilate  the  surface  circulation, 
while  still  below  the  body-heat,  cools  tlie  blood  as  it  comes  by  successive  pulsation^ 
m  contact  with  the  surrounding  medium,  and  often  gives  much  internal  relief 
Any  sudden  impress  of  heat  tends  to  close  the  surface-vessels,  much  as  the  shock  of 
cold  would  do,  for  the  moment.  Too  warm  a  medium,  bevond  the  excitement 
at  hrst  produced,  rapidly  induces  exhaustion  in  young  creatures. 

In  looking  along  the  thermometric  scale  it  will  be  seen  that  only  one-third  of 
the  narrow  limits  given  is  consistent  with  life,  health,  and  comfort.    All  active 
function  m  ourselves,  the  higher  animals,  and  bii-ds,  is  earned  on  within  the  few 
degrees  from  95°  to  105°.    Life,  in  hybernating  and  cold-blooded  animals,  maintains 
their  temperature  a  little  above  that  of  the  surrounding  medium.    Many  means 
provide  for  the  protection  of  organised  beings  against  extremes  of  heat  and  cold  ; 
an  organism  may  resist  extreme  cold  that  would  be  destroyed  if  subjected 
to  either  of  the  upper  limits  given.    Most  organised  products,  and  consequently 
aU  clothing,  is  destroyed  at  260°.    Any  organic  germ  is  destroyed  at  a  dry  heat  of 
240°  sufficiently  prolonged.    Water  scalds  at  140° ;  it  will  retain  this  dangerous 
degi-ee  of  heat  for  more  than  an  hour  in  a  covered  tea-pot,  a  fact  worth  remembering 
in  connection  with  the  risks  incurred  by  neglect  of  timely  removing  tea-things 
from  the  reach  of  children  after  breakfast  and  tea.    Yoimg  children  suffi3r  much 
from  the  direct  effect  of  a  hot  sun,  or  from  hot  weather  and  out-door  exertion 
during^  the  hotter  parts  of  the  day.     Not  only  is  sun-stroke,  or  the  fever  of 
insolation,  a  danger,  but  the  enervation  from  heat  renders  children  specially  unable  to 
resist  many  o'f  the  diseases  of  warm  seasons,  particularly  diarrhoea.    Besides,  care  as 
to  the  time  for,  and  duration  of,  exercise  and  exposure  in  hot  seasons  and  climates, 
cooling  tlie  room  by  ventilation,  perhaps  with  evaporation  outside  and  ice  within^ 
should  be  attended  to.    The  degree  of  warmth  that  enfeebles  us  is  also  that  most 
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favourable  to  many  lowev  forms  of  life  inimical  to  ours,  ^^^'^  l^^l^^^^^ 
disintegrating  changes  on  which  they  flourxsh  ;  grea    care  .s 
m  l-eeoin-  rooms  inside  and  outside,  clear  of  all  refuse  that  might  tavour  ^ae 
LtLp'r^nt  •  2  that  no  remains  of  food  are  left  in  dwelling-rooms,  nor  any 

^'^In  :lrmlt^^^^^^^  -thods  of  artificial  refrigeration  will  required  ^o^ 
the  food  kept  in  the  house.    A  porous  cover  for  some  thmgs,  with  means  ot 

evaporation,  U  answer,  or  ice  can  be  used.  ^'^^  ^^K^'"^^^^  l^^TiZl^^^^ 
to  keep  the  larder  below  50^  yet  there  is  risk  in  having  any  kind  of  food  day  by 
day  in  rooms  at  the  temperature  suitable  for  one's  own  heal  h  or  comfort  T^iere 
are  other  reasons  to  be  given  farther  on  for  not  allowing  milk  bread  and  butter, 
biscuits,  or  fruit  to  be  kept  in  the  nursery,  but  here  it  is  well  to  insist  on  one 
particular  point-viz.,  that  the  temperature  of  a  room  for  children  to  live  in  should 
be  higher  than  that  where  food  can  be  safely  kept ;  and,  conversely,  that  a  room 
cool  enough  for  a  larder  is  not  fit  for  a  nursery. 

Short  contact  .vith  quite  cold  air  or  water  is  injurious  to  infants ;  prolonged  ex- 
posure to  the  low  temperature  of  a  cold  house  or  chamber  still  more  so ;  most  so  when 
the  ail-  is  not  only  cold,  but  damp.    In  houses  otherwise  healthy,  the  onset  of  acute 
disease  in  children,  of  inward  congestions,  glandular  swelling,  tubercle,  dropsy,  has 
started  from  the  occurrence  of  unusually  low  temperature  in  their  rooms,  diu-uig 
exceptionally  cold  weather,  when  the  means  of  maintaining  sufficient  warmth  have 
been  neglected,  or  applied  with  difficulty.    OhHdren  are  also  to  be  guarded  against 
sudden  changes  of  temperature.    After  some  days  in  a  weU-warmed  room  the  first 
promenade  should  be  short.    A  child  of  four  or  five  years  old  cannot  bear  a  long 
walk  in  cold  weather,  but  soon  tires,  and  is  then  stHl  more  liable  to  suflfer  from  cold. 
Out  of  doors,  children  passing  from  a  sheltered  to  an  exposed  portion,  the  turn  of  a 
street,  the  draught  in  a  passage,  may  get  a  chill ;  or,  returning  indoors,  hot  and 
excited  from  runniii--  or  play,  the  wraps  are  all  removed,  though  the  room  to  which 
they  have  returned  is  only  half  warmed,  perhaps  has  become  too  far  cooled,  from 
open  windows  or  neglected  fire,  they  catch  cold  more  on  coming  indoors  than  on 
going  out.    An  infant  in  arms  is  often  chnied  in  tHs  way;  closely  muffled  at 
starting  out,  carried  near  the  nurse's  body,  under  warm  coverings,  or  shut  m  a 
carriage  with  closed  windows,  it  is  brought  home,  hot  and  perspiiing,  and  laid  down 
asleep  (its  load  of  clothes  removed)  on  a  cold  cot  in  the  chill  quiet  of  the  bed-room, 
while  the  other  children  prepare  for  dinner;  no  wonder  the  youngest  sufiers  first 
Not  only  should  the  woollen  clothes  and  coverings  not  be  removed  at  once,  but  the 
chamber  thermometer  should  be  consulted.    Prevention  of  illness  is  better  than 
cure,  and  for  both  objects  a  thermometer  in  the  children's  room  is  indispensable. 
The  delicate  and  expensive  clinical  thermometer,  invaluable  in  marking  the  changes 
of  disease,  and  useful  in  some  of  the  variations  in  health  when  in  skilled  hands, 
is  often  misleading  in  the  nursery ;  there,  its  only  safe  purpose  in  the  hands  of  the 
nurse  is  to  test  the  accuracy  of  the  bath  thermometer. 
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CHAPTER  LXXXY. 

Development  of  ChUdren-Weiglit-Growtli. 
wnen  a  growing  child  ceases  to  gam  in  weight. 

_     The  rate  of  growth  for  young  children  varies  greatly  at  different  periods  of 
mfancy,  and  follows  laws  of  its  own.    In  the  first  two  years  after  blt^a  chil^^^ 
hould  gam  twenty  pounds  in  weight  and  ten  inches  in  height.    The  ch^f^i^crease 
in  growth  and  weight  is  in  the  first  year,  thirteen  or  foui-teL  pounds  of "1"^^ 

Zf  Jr'  "  '^'^       ^^^^^     ^^^^^^  -       --cl.  T^fZZ 

year  also  is  one  of  active  growth,  the  first  dentition  is  completed,  and  the  child 
often  gams  five  mches  m  height  with  five  to  six  pounds  in  weight.  From  three  to 
ten  years  of  age  a  more  uniform  increase  proceeds,  at  the  rate  of  about  five  pounds 
a  year  m  weight  and  three  inches  in  height.    Unsuitable  food,  defective  teeth, 

!n  .wT''  .  !  nutrition 
so  that  the  weight  of  sixty-five  pounds  and  the  height  of  fifty-four  inches,  or 
four  feet  six  mches  is  not  always  attained  at  ten  years  of  age.  Up  to  this  time, 
sex  makes  very  little  difference;  girls  grow  as  fast  as  boys,  and  often  increase  as 
much  in  weight.  Some  of  the  highest  figures  in  both  respects  are  among  girls 
At  twelve  and  thirteen  some  girls  are  as  tall  as  boys,  and  many  weigh  as  much  : 
but  growth  sooner  ceases. 

 TABLE  OF  CHILDBED'S  HEIGHTS  AND  WEIGHTS. 


Am. 


At  bh-th; 

1  year. 

2  „ 

3  „ 
4 

5  „ 

6  „ 

7  ,, 

8  „ 

9  „ 

10  „ 

11  „ 

12  .. 


Common 
Height. 


ft.  in. 


2 
2 
3 
3 
3 
3 
3 


Extreme 
Measurements. 


3  11 

4  0 


4 
4 
4 


Highest. 
22  in. 
32  „ 
36 
39 
41 
45 
48 
51 
52 

54  ;; 

56  „ 
59  „ 
64  „ 


Lowest. 
16  in. 
23  „ 
28  „ 
31  „ 
33  „ 
36  „ 
39  „ 
42  „ 
44  „ 
46  „ 
48  „ 
60  „ 
51  .. 


Arerag  e  Average' 
Height.  I  Weight  ' 


Extreme  Weights. 


Common 
Weight. 

Stones. 
About  ^ 

„  H 

„  2 
••  „  2| 

2| 

»  2f 
»  3 

H 

,,  4 

4 
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Mdfl  a^d^ost  obliging  to  the  medical  adviser  who  suggests  ^^^l^^^^^^^^ 
has  a  useM  object :  five  of  this  series  have  the  weight  entered  every  year  from  the 
first  to  the  tenth  or  thirteenth  year  ,  one  has  the  measurement  taken  at  two  years 
old  :  several  have  both  records  from  four  years  old  to  seven  or  eight  and  otheis 
from  eight  to  fourteen.  The  measurements  of  twenty-six  children  from  two  to 
nine  years  old,  sixteen  boys  and  ten  girls,  are  added  from  notes  of  hospital  patients 
seen  only  once,  some  in  London  and  some  in  Paris.  The  hospital  cases,  if  at 
some  ages  a  little  below  the  average,  have  only  once  supplied  the  lowest  measure- 
ment at  two  years  of  age,  and  once  the  highest,  that  at  three  years.  The  highest 
records  at  four  and  at  eight  years  were  boys  in  two  families,  my  relatives  and 
thoroughly  English ;  at  the  latter  age,  a  girl  of  Scotch  parentage  takes  the  lead  for 
the  next  two  years,  and  is  then  again  equalled  by  two  boys,  one  belonging  to  a  good 
Jewish  famHy.    At  twelve,  healthy  girls  always  show  increased  growth-rate. 

Divergencies  to  any  extent  produced  by  illness,  or  obviously  abnormal  m  either 
direction,  have  not  been  taken  into  account.  Lilliputians,  however  healthy,  are  not 
included  here.  A  Gargantua  of  three  feet  in  length,  and  seventy  pounds,  or  five 
stones,  in  weight,  at  a  year  old,  who  gained  two  stones  in  weight  in  the  next  half- 
vear,  reported  from  Canada,  is  not  yet  admissible  into  our  calculations. 

From  a  report  to  the  Local  Government  Board,  London,  1873,  on  children  in 
towns  or  factories,  the  following  tabular  results  are  drawn  : — 


Number 
Examined. 


664 
1,699 
1,999 
1,783 
1,695 


Both  Sexes. 
Age  in  Years. 


9 
10 
11 

12 


Average  Heiglit 
in  Inches. 


46-5 
48-6 
50 

52 

54 


Average  Weight 
ia  Pounds. 


53-3 

56 
61 
68 
71 


Chest-measurements. 


Empty. 


22-4 

22-6 
23 
24 
24-4 


EuU. 


24 
24-5 

25 
26 
26-5 


The  boys  in  this  table  exceed  the  girls  in  number ;  they  are  half  an  inch  higher 
and  a  pound  or  two  heavier  till  the  ages  of  eleven  and  twelve  years,  when  there  is 
no  constant  difference ;  the  chest-measurements  are  equal  in  the  two  sexes,  but  the 
amount  of  expansion  movement  is  greater  ia  boys  than  in  girls  at  all  these  ages. 

Two  illustrations  may  be  given  of  changes  worth  noting  in  illness.  A  boy,  ten 
years  old,  after  scarlet  fever  had  lost  four  pounds  in  weight ;  this  he  regained  in 
one  month  after  convalescence,  and  added  another  five  pounds  in  the  next  three 
months.  A  weakly  boy,  eight  years  old,  three  feet  ten  inches  high,  forty-six 
inches,  weighs  forty-two  pounds,  and  gains  no  weight  and  only  one  inch  in  height 
during  six  months'  care  in  London ;  he  then  goes  into  the  country  for  three  months — 
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August,  September,  and  October— gains  ei^lit  nmmrl«  or,^  , 

nine  .ears  old  he  gets  to  the  pr^tioi  o   fi%  ^      T '  \" 

average  height  but  not  the  avera4  wei^^ht  unti    nff!        T  ^  ^^^^^es-the 

became  strong  and  well.    Anothe^boy  oT  ti^         t  ^« 

shorter,  made  no  advance  ^  then           y  l  j"'  m  '  '^"'^  ^^^^^ 

a  half  feet  hxgh,  and  weigh  three  stones  ;  in  the  eighth  year,  four  feShi^h  and  four 
stones  in  weight;  at  twelve  years  old,  five  feet  in  heightU  five  stones  fn  w^^^^^^ 
a  fair  average  At  the  term  of  adolescence,  two  sto^nes  should  be  added  foi  tW 
or  four  inches  of  height ;  eight  stones  for  five  feet  six  inches ;  nine  stones  for  five  feel 
eight;  ten  stones  for  five  feet  ten;  eleven  stones  for  five  feet  eleven  ^ches  Id 
twelve  stones  for  six  feet  of  height  is  good  weight. 

_  Growth  is  very  irregular  in  cliildren  and  young  people  generaUy ;  perhaps  two 
inches  may  be  gained  in  two  months,  and  for  the  next  ten  months  not  anothe'r  in! 
even  up  to  the  ages  of  ten  or  twelve  years.    While  growth  is  most  rapid  fatigue  is 

on  lSiT  ^"""""^  ^"'^  SO 

The  proportion  between  the  age,  weight,  and  height  of  infants  has  a  bearing  on 
successfu   nursery  management  of  much  the  same  import  as  that  observed  all 
through  the  period  of  childhood.    The  rapid  rate  of  increase  in  the  earlier  months 
ot  infancy  and  the  variations  which  are  then  observable,  make  a  separate  study  of 
this  period  essential.    A  vigorous  healthy  child  should  double  its  birth-weight  in 
the  first  four  or  five  months,  and  treble  it  at  a  year  old    This  rate  of  growth  is 
not  uniform,  nor  does  it  proceed  at  any  steadily-decreasing  ratio,  but  is  subject  to 
the  variations  sho^Ti  on  the  cUagrams  farther  on.    The  loss  of  weight  marked  in  the 
first  few  days  is  constant ;  it  is  not  owing  to  the  want  of  nutriment  or  to  the  kind 
of  supply  given.    The  most  appropriate  ingesta  are  those  which  aid  the  clearance  of 
v^aste  material  from  the  bowels  and  kidneys.    If  the  infant  wets  the  napkins 
freely  it  is  receiving  aU  it  needs  in  the  way  of  fluids,  and  at  this  time  the 
proportion  of  solid  matter  to  be  passed .  is  increased  tenfold.    A  week  later,  with 
six  times  as  inuch  urine  voided,  only  half  this  active  waste  is  evidenced.  The 
natural  period  of  most  rapid  growth  comes  to  a  pause  about  the  fifth  month  in 
healthy  children,  when  the  teeth  are  forming,  and  a  further  demand  on  the  nutritive 
supply  is  made.    Care  has  to  be  taken  lest  this  pause  be  unduly  prolonged,  and  a 
downward  tendency  advance  to  positive  illness.    We  see  also  the  first  increase  of 
weight  checked  as  growth  increases,  so  that  some  processes  may  be  less  active  while 
a  new  direction  is  given  to  healthy  development.    Still,  for  infants  under  three  years 
of  age,  weight  is  the  best  criterion  of  progress. 

For  children  of  three  years  old  and  upwards,  height  and  weight  must  always  be 
taken  together ;  in  order  to  judge  of  healthy  gi-owth  it  may  be  sufficient  to  do  this 
three  or  four  times  a  year.  Under  the  age  of  three  years  weight  alone  gives  all  the 
indications  required,  and  children  obviously  healthy  need  not  be  weighed  oftener  than 
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every  two  or  three  months  after  the  first  year;  every  month  is  enough  for  this 
Z!tZ\Z  few  months.    At  first  an  infant  should  be  weighed  every  week 
l  Z£l^^ln.e  is.  then,  a  necessary  for  the  nursery.    Aai  ordinary  housohold 
bailee  turning  at  ha  f  a  drachm,  with  weights  from  a  quarter  of  an  ounce  to  . 

kept  for  the  systematic  observation  of  the  ff—J^ 
oncrU  always  to  be  found  after  the  child  is  a  week  old.  A  set  of  metric  weights 
Z£t  be  provided  for  scientific  accuracy.  A  piece  of  dry  flannel  on  tlie  balance  to 
receive  the  chUd,  and  the  swathing  band  in  ordinary  use,  should  be  first  weighed 
and  theii'  weight  deducted  from  that  obtained  from  placing  the  child,  washed  and 
dried  with  nothing  but  the  swathe  around,  in  the  warmed  flannel  on  the  balance. 
This  micht  be  done  almost  every  day  when  the  cHld  is  being  washed  and  dressed  ; 
it  should  always  be  done  at  the  same  time,  and,  as  nearly  as  possible,  under  the 
same  conditions,  slight  diff-evences  as  to  ingesta  being  allowed  for  or  corrected.  Fig. 
407  is  a  diagram  of  the  rate  of  increase  for  the  first  year  :— 
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Pig.  407.— The  black  line  shows  the  Average  Weekly  Bate  of  Increase  in  ounces.    The  dotted  line  gives  the 
Average  Daily  Growth  in  centimetres — two-fifths  of  an  inch — from  measvirements  by  Dr.  Haehne-r. 

At  first,  under  the  new  conditions  of  life,  there  is  always  a  loss  of  weight, 
amounting  on  the  second  and  thii-d  day  to  three  or  four  ounces  a  day ;  so  that  a 
child  three  days  old  may  weigh  half  a  pound  less  that  it  did  at  birth.  This  is 
called  the  physiological  loss,  and  is  said  to  average  6  per  cent,  of  the  birth-weight. 
Nutritive  matters,  or  the  waste  of  past  nutritive  processes,  stored  up  in  the  body  of 
the  child,  are  now  utilised,  and  the  way  is  cleared  for  new  material  to  be  I'eadily 
assimilated.  Very  soon  after  food  is  taken  freely  the  loss  of  weight  ceases  ;  often 
a  gain  begins  on  the  fourth  day.  The  first  loss  in  weight  is  mostly,  or  should  be 
always,  more  than  made  up  before  the  end  of  the  first  week.  A  progressive  increase 
of  weight  now  goes  on  at  the  rate  of  two  or  three  ounces  for  the  second  week,  at 
four  and  five  ounces  for  the  next  two  weeks,  and  at  six  ounces  a  week,  or  even  an 
ounce  a  day,  in  part  of  the  second  month,  when  the  increase  is  greatest.  For 
the  next  two  months  a  uniform  gain  at  the  rate  of  five  ounces  a  week  is  maintained, 
while  growth  is  more  rapid  than  in  the  previous  month.    In  the  fifth,  sixth,  and 
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seventh  month  the  rate  of  increase  for  weight  falls  to  three  ounces  a  week  :  jn-owth 
also  pauses  a  little  and  both  undergo  some  variation  whUe  dentition  is  proceeding. 
The  diagram  of  these  changes  .viU  serve  to  fix  attention  on  normal  progress 
of  infanti  e  growth,  and  as  a  reference-table  by  which  any  sHght  departure  from 
health  m  the  earlier  months  maybe  at  once  recognised,  and  so  lead  to  the  detection 
perhaps  to  the  removal,  of  its  cause  before  any  serious  interference  with  sound 
development  has  occurred. 

By  these  tables  the  rapid  rate  of  growth  after  the  first  week  is  seen  at  a  glance. 
The  critical  tune  for  making  sure  that  the  infant  is  obtaining  the  proper  supply  of 
food,  and  IS  thriving  on  it,  is  in  the  first  six  weeks,  and  there  is  no  means  of  doing 
this  so  reliable  as  weighing.  In  this  way  the  check  to  nutrition  is  often  discovered 
before  any  of  the  painful,  and  often  unmanageable,  symptoms  of  athrepsia  are 
declared.  There  are  some  conditions  unfavourable  to  the  health  of  infants  not 
discoverable  by  weighing,  but  this  means  would  serve  to  point  out  the  most  frequent 
of  them  in  time  to  avert  their  worst  consequences. 

Much  of  the  comfort  and  happiness  of  aU  concerned  depends  upon  the 
uninterrupted  well-being  and  steady  nutrition  of  infants  in  the  earlier  months. 
Begular  and  systematic  weighing,  as  the  only  trustworthy  criterion  of  healthy 
infantile  progress,  has  of  late  years  been  widely  adopted  in  the  public  institutions 
of  Trance  and  Germany.  We  are  indebted  to  Anna  Angell,  of  the  New  York 
Infant  Asylum,  for  many  hundred  careful  observations,  week  after  week,  for  a  year. 
The  results  agree  very  closely  with  those  obtained  by  other  observers ;  they  are 
approximately  given  in  the  following  diagram.  Fig.  408, 


With  big  children  the  rate  of  increase  is  rather  greater  than  in  the  small  and 
weakly.  A  rather  higher  average  is  found  for  boys  than  girls ;  the  boys  may  have 
at  birth  an  excess  of  ten  ounces  in  weight  and  half  an  inch  in  length,  but  this  is 
of  very  little  importance,  as  individuals  of  either  sex  may  commence  life  at  a  weight 
of  nearly  two  pounds,  more  or  less,  than  the  average.  Setting  aside  the  extremes, 
and  taking  children  who  are  within  a  pound  weight  either  way  of  the  ordinary  size 
at  birth,  there  is  less  difference  than  might  be  expected  in  the  rate  of  growth  after 
the  first  year.  This  is  also  true  for  the  difference  in  sex,  and  exactly  corresponding 
weight  and  measure  for  both  sexes  at  each  age  up  to  ten  or  twelve  years  occur. 
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CHAPTER  LXXXVI. 

Chance  ot  Air— Ventilation— Amount  of  Free  Air-space  required  in  Rooms  in  Health  and  in  Illness— 
Position  of  Booms  for  OMldren — Ai-rangement  of  Room. 

The  robust  aspect  of  healthy  children  is  good  evidence  of  the  thorough  hygienic 
state  of  the  dwelling-house,  and  of  the  excellence  of  its  domestic  management.  A 
ruddy  glow  in  the  face  of  a  child  tells  at  once  of  sufl&cient  outdoor  exercise  and 
indoor  ventilation.  Without  a  full  amount  of  fresh  and  pure  air  the  cheek  loses  its 
colour  and  the  flesh  its  firmness ;  the  blood  is  impoverished,  its  circulation  languid, 
and  nutrition  is  interrupted.  The  effect  of  what  is  called  "change  of  air"  in 
stimulating  these  processes  is  well  known,  and  particularly  obvious  in  children. 
Yery  often  the  good  that  would  be  done  in  this  way  is  put  in  jeopardy  by  too  much 
attention  being  directed  to  the  particular  place  where  this  change  is  to  be  obtained, 
and  too  little  to  the  sanitary  state  of  the  house  and  the  size  of  the  rooms  to  be 
occupied.  Perhaps  the  smaller  bed-rooms  are  allotted  to  the  children,  unmindful  of 
the  fact  that  they  spend  nearly  half  of  the  twenty-four  hours  continuously  in  the 
bed-room  ;  or  they  have  but  one  room  for  meals  and  for  play,  so  that  if  kept  indoors 
by  a  wet  day  they  have  to  pass  many  hours  together  in  one  room.  It  may  be  that 
neglect  of  some  of  these  particulars  at  home  has  occasioned  the  necessity  for  the 
change ;  if  they  always  received  the  attention  deserved,  both  at  home  and  abroad, 
periodic  visits  to  so-called  "  health  resorts "  would  be  required  less  frequently^ 
and,  we  might  find  a  more  uniformly  healthy  appearance  among  the  children  of  tlie 
residents  at  these  places. 

The  importance  of  careful  and  efficient  ventilation  of  the  rooms  occupied  by 
children  can  hardly  be  over-estimated.  The  air  of  a  closed  room  soon  loses  its 
freshness  even  when  unoccupied.  Chemically  the  proportion  of  oxygen  may  not  be 
appreciably  altered,  but  the  more  active,  or  ozonised,  part  of  it  is  changed; 
innumerable  particles  are  brought  into  contact  with  it  which,  if  not  "steaKng 
and  giving  odours,"  may  add  what  is  imperceptibly  injurious,  and  will  certainly  take 
away  from  it  the  quality  of  freshness.  Movement  of  air  through  a  room  is  a 
first  essential  of  ventilation ;  then  the  quantity  and  rate  of  movement  has  to  be 
considered,  taking  care  that  the  temperature,  and  other  qualities,  are  so  preserved 
as  to  be  both  pleasant  and  wholesome.  These  questions  have,  however,  been 
already  considered  in  the  chapters  on  Ventilation. 

Exact  comparisons  are  wanting  as  to  the  relative  amount  of  respiratory 
products  between  children  and  adults;  children,  though  with  smaller  organs, 
have  more  activity  of  function,  a  quicker  rate  of  breathing,  and  tissue-change 
is  rapid.  Instead  of  considering  two  children  as  one  adult  in  the  cubic  space 
allotted  and  the  amount  of  air  per  hour  required,  "the  safest  course  is," 
Dr.  Parkes  observes,  "  to  have  the  same  rule  of  whatever  age,  excepting  the  very 
youngest  and  oldest,  who  require  special  conditions  of  warming."  He  also  adds, 
"  If  any  difference  is  made,  children  ought  to  be  considered  as  evolving  not  less  than 
0-45  of  a  cubic  foot  of  CO,  per  hour  :  the  amount  0-6  ought  to  be  retained  for 
women,  and  0-7  ought  to  be  allowed  for  men.    In  this  way  the  minimum  honriy 


OUR  HOMKS. 


supply  in  health  in  repose  ought  to  be  for  children  2,250;  for  women  3,000-  in 
ordinary  sickness  3,400  and  4,000  cubic  feet  respectively."  A  larger  initial  cubic 
space  is  required  for  a  room  that  has  to  be  continuously  occupied  for  some  days  and 
nights,  than  for  one  occupied  only  at  night ;  again,  the  space  required  in  an  ordinary 
bed-room  for  each  person  is  greater  than  is  always  necessary  in  a  room  only  used 
for  a  limited  tijne,  as  for  meals ;  in  these  rooms  a  gi-eater  amount  of  air  can 
•  be  admitted  at  one  time,  and  they  can  be  swept  through  with  fresh  air  at  more 
frequent  periods. 

The  efficient  ventilation  of  a  child's  first  nursery,  under  the  special  conditions  of 
warmth  required,  demands  a  full  allowance  of  cubic  space  to  begin  with.  In 
calculating  the  necessary  space  for  bed-rooms,  where  equable  warmth  is  requii-ed, 
any  height  exceeding  ten  feet  is  disadvantageous  and  to  be  left  out  of  account.  A 
good  bed-room  should  be  twenty-five  feet  square,  giving  a  clear  2,000  feet  for  each 
occupant  after  deducting  the  space  taken  up  by  furniture. 

The  nurse's  room  should  be  not  less  than  15  feet  square,  if  the  child  has  to 
sleep  there;  no  food  is  to  be  kept  or  prepared  in  the  room  and  no  clothes  dried  or 
aired  there ;  moreover,  a  convenient  lobby  must  provide  for  the  immediate  reception 
of  all  that  has  to  be  removed;  soiled  clothes  should  be  taken  out  at  once,  and 
covered  with  a  weak  deodorising  solution.  A  child  untU  two  years  old,  must' sleep 
with  the  nurse,  and  requires  as  much  space  as  an  adult. 

If  any  accident  or  illness  befall  a  child,  not  only  separate  care  but  an  increased 
air-space  is  at  once  needed.  It  has  been  calculated  that  a  single  drop  of  decompos- 
ing matter  from  a  bui-n  or  abrasion  of  the  skin  would  supply  one  hundred  million 
diffusible  particles,  or  "  germs,"  to  the  air ;  or  from  five  to  ten  times  the  number 
likely  to  be  found  in  the  atmosphere  of  a  good-sized  room.  With  the  most 
scrupulous  attention  to  every  detail  of  cleanliness,  to  keep  the  air  pure,  it  is  still 
necessary  that  invalids  should  be  changed  from  one  room  to  another  during  illness, 
and  afterwards  removed  for  a  change  of  air  altogether.  What  has  been  called  the 
two-room  treatment  of  disease  should  always  be  adopted;  for  infectious  diseases 
these  rooms  should  be  in  the  upper  part  of  the  house,  or  on  a  level  above  the 
nursery  floor. 

Ventilation  of  the  spaces  under  the  floors  of  houses  is  very  necessary ;  gratings 
in  the  opposite  walls  should  admit  air-currents  between  the  floors  and  ceilings  ;  any 
evils  from  chilling  the  floors  are  less  and  more  easUy  obviated  than  those  arising 
from  the  heated  and  stagnant  air  of  the  spaces  beneath.  Organic  particles  from  the 
room  penetrate  and  settle  in  the  joints  of  the  boarding,  or  are  scoured  into  them, 
with  moisture  enough  to  make  them  dangerous.  The  temperature  of  these  spaces 
beneath  the  boards  often  becomes  hio;her  than  that  of  the  room — much  hicfher  near 
any  stove  or  fireplace,  and  remains  long  at  the  poiat  most  favourable  for  the  deve- 
lopment and  activity  of  infectious  particles. 

The  sleeping-rooms  for  children  should  never  be  at  the  top  of  the  house,  or 
there  will  be  tiresome  stair-climbing;  the  day-room  should  never  be  in  the 
basement,  as  arranged  for  in  some  otherwise  good  suburban  houses,  for  the  air 
of  a  room  below  the  ground-level  can  never  be  dry  and  pure.  No  sink  or  cistern 
13  to  be  placed  on  the  same  floor  as  the  nurseries.  The  position  of  the  closet 
has  received  full  notice  elsewhere.  Any  water-closet,  of  course,  will  project 
beyond  the  walls  of  the  rooms  so  as  to  allow  of  cross  ventilation  and  preclude 
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all  air  entering  from  it  to  the  house.  The  cistern  for  the  supply  of  this  closet 
wiU  be  out  of  doors,  covered,  and  sheltered  from  the  sun.  Warmth^  fills  any 
space  above  the  water  with  vapour  that  readily  entangles  organic  particles,  and 
favours  their  increase.  An  indoor  cistern  is  Hkely  to  give  oflf  malarial  moisture  as 
well  as  itself  to  receive  taint. 

Drmking-water  should  be  brought  up  fresh,  filtered,  and  kept  cool.  Children 
require  a  large  supply ;  this  may  be  supplemented  by  some  drinks,  as  lemon,  or 
toast-water,  made  with  boiling  water,  which  has  been  thus  further  purified ;  it  will 
remain  fit  to  drink  for  a  day  or  night,  if  covered,  in  a  cool  place,  and  not  kept  too 
long.  Any  tap  for  drinking-water  is  never  prudent ;  nor  should  there  be  a  tap  for 
any  domestic  supply  of  water  near  the  nursery.  A  tap  implies  a  sometliing  to  catch 
drops  from  it,  and  so  either  a  damp  surface  is  maintained,  or  there  must  be  a  pipe  to 
carry  off  the  overflow,  which,  if  it  conducts  nothing  bad  into  the  house  from  a  dis- 
tance, becomes  the  source  of  multitudinous  particles  that  will  ferment  everywhere. 
So  with  a  sink,  however  ingenious  the  trapping,  foul  aiif  returns  by  the  waste-pipe. 
Let  this  be  as  short  as  possible,  just  so  as  merely  to  pierce  the  wall,  and  open  with 
a  free  end  over  a  catch-basin ;  the  pipe  will  be  foul  even  if  only  clean  water  pass 
through  it,  and  it  is  dilficult  to  prevent  it  becoming  part  of  the  ventilation  of  the 
house,  mostly  as  an  inlet.  The  manifest  convenience  of  having  a  sink  near  to  rid 
the  nursery  department,  of  soiled  water  has  to  be  weighed  against  the  tendency  of 
all  servants  to  misuse  such  convenience,  and  it  is  best  to  decide  against  such  sources 
of  mischief,  and  to  make  the  best  of  a  well-placed  lobby  or  closet  for  the  temporary 
reception  of  waste.  All  slops  must  be  carried  down  to  some  place  in  the  basement ; 
washing  up  is  best  done  below  stairs  in  some  outhouse  or  scullery.  The  waste-pipe 
of  the  bath  is  a  difficulty ;  it  must  be  short,  and  end  dii-ectly  in  the  open  air  without 
liny  ,  close  connection  with  other  pipes  or  drains  ;  the  bath  opening  of  it  should  be 
kept  closed  when  the  bath  is  empty.  The  bath-room  is  often  a  vestibule  to  the 
closet,  or  an  offshoot  of  the  dressing-room  ;  where  a  lavatory  may  be  convenient,  the 
washing-basin  should  open  into  a  removable  slop-jar  beneath ;  and,  if  this  is  in  a 
lobby  to  the  closet,  besides  a  small  hand  vessel  there,  a  wooden  frame  ten  inches 
square,  with  a  movable  round  lid,  should  cover  an  ordinary  chamber-vessel,  a  little 
raised,  and  so  placed  as  to  be  ready  of  access  for  children. 

The  day  and  night  nurseries  are  better  situated  on  separate  floors,  or  at  some 
distance  apart ;  where  this  cannot  be  done,  they  should  be  arranged  not  to  communi- 
cate directly  with  each  other,  so  that  one  set  of  rooms  may  have  the  windows  left 
open  to  the  air  for  a  good  blow  through,  without  fear  at  the  same  time  of  the 
other  room  being  chilled.  There  are  points  in  the  general  management  of  the  two 
kinds  of  apartments  that  may  be  considered  together  so  as  to  conti-ast  their  special 
requirements.  The  day-room  is  for  cheerful  activity,  the  bed-room  for  quiet  repose  ; 
hence  a  great  difierence  is  in  the  way  of  lighting  the  rooms.  All  rooms,  whatever 
their  purpose,  should  be  well  lighted,  so  that  everytliing  in  them  can  be  distinctly 
seen,  and  no  part  left  in  obscurity  and  in  danger  of  neglect ;  and  the  door  should 
not  be  directly  opposite  the  fireplace  in  day-rooms,  without  a  special  contrivance  for 
ventilation,  to  be  described  farther  on,  as  the  draught  is  mostly  from  under  the  door 
to  the  fireplace,  and  so  along  the  floor ;  this  Can  do  no  harm  in  the  bed-room,  but  is 
bad  in  a  sitting-room,  and  specially  bad  for  children,  who  do,  or  should,  spend  much 
of  their  daytime  in  creeping  or  playing  on  the  carpet.    The  windows  are  a  great 
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means  of  ventilation  as  well  as  of  lighting,  and  can  be  used  either  as  outlets  or  inlets 
oi  air ;  they  should  not  be  near  either  the  door  or  the  fireplace,  for  in  ventilation 
the  outlets  and  inlets" should  not  be  near  together;  the  door  is  always  an  inlet  and 
the  fireplace  should  always  be  an  outlet.  The  windows  and  doors  are  better 
opposite  each  other  m  most  rooms  j  in  a  sitting-room  or  work-room  there  should  be 
windows  also  opposite  the  fireplace,  and  on  two  sides  of  the  room,  so  that  light  may 
fall  both  behind  and  to  the  left  of  the  reader  or  worker.  No  bed  should  be  placed 
just  between  the  window  and  the  fireplace  in  a  bed-room,  and  the  windows  L  the 
day-rooms  should  be  large  and  low ;  in  the  bed-rooms  the  old-fashioned  broad  ^vdndow 
either  side  made  to  open,  or  the  dormer  window,  might  reappear.  In  the  bed- 
room less  light  is  needed,  more  care  is  required  as  to  draught,  nor  do  chil- 
dren want  to  be  constantly  looking  out  of  window.  Moreover,  a  large  window  is 
the  great  cooling-surface  in  a  room,  one  which  cannot  be  banked  up  and  shut  off 
by  thick  heavy  curtains,  as  in  the  sitting-room,  nor  can  its  cooling  effect  be  counter- 
acted by  a  jolly  fire;  that  would  be  disturbing  and  out  of  place  in  the  children's  sleeping- 
room,  l^either  thick  bright  carpets  on  the  floor,  nor  pretty  patterns  on  the  wall, 
nor  shelves,  nor  books,  nor  pictures,  nor  the  endless  little  ornaments  and  toys  of  the 
sitting-room  and  play-room,  would  be  in  place  in  the  bed-room. 

Just  as  no  article  of  food  and  no  part  of  the  service  for  meals  is  to  be  kept  in 
the  day-room,  so  neither  are  they,  or  any  clothes  or  linen  not  in  use  or  on  the  beds, 
to  be  kept  in  the  bed-room.  All  cupboards,  closets,  and  wardrobes  diminish  by 
their  size  so  much  of  the  cubic  space  calculated  for  fresh  air,  and  most  contain 
things  that  tend  to  spoil  its  freshness.  A  closet  built  up  to  the  ceiling  in  the  recess 
by  the  side  of  the  fireplace  is  better  than  a  wardrobe ;  no  dust  can  settle  upon  it, 
and  it  can  be  more  easily  cleaned  and  rubbed  inside.  The  store-room  will  be  in 
another  part  of  the  house,  and  all  airing  and  drying  of  clothes  should  be  done  away 
from  the  nursery. 

There  should  be  a  dressing-room  in  close  proximity  to  the  bed-room,  where 
the  children's  clothes  can  be  left  in  readiness  for  the  morning.  A  fire  can 
be  lighted  here  on  cold  nights  and  mornings,  or  hot  water  brought;  a  fan-light 
over  the  door  of  this  room  would  convey  light  enough  to  the  nursery  for  the 
night.  The  nurse's  room  must  communicate  directly  with  the  children's  bed- 
room, and  so  give  them  suflicient  light.  The  nurse  must  have  means  of  illu- 
mination at  command;  a  candle,  with  a  glass  shade  ready,  can  be  lighted  at  the 
night-light.  A  covered  vessel  over  an  ordinary  Child's  or  Price's  night-light 
will  serve  to  keep  food  warm  for  an  infant.  A  gas-light  in  a  lobby,  with  glass 
over  the  doors  leading  into  both  rooms,  is  easily  turned  higher  when  wanted, 
either  for  better  light,  or  for  warming  food  with  a  proper  arrangement.  There  is 
always  risk  in  using  spirit-lamps  in  the  nursery ;  the  open  flame  is  most  dangerous, 
and  the  safest  lamp  may  be  upset.  A  solid-flame  spirit-lamp,  with  stand,  kettle, 
and  other  additions,  affords  a  convenient  method  for  warming  food,  or  even  for 
boiling  water,  in  the  night.  This  is  better  done  out  of  the  bed-room,  not  only 
to  avoid  a  chance  of  accident  and  the  disturbances  of  noise  and  glare,  but 
to  prevent  the  possibility  of  food  being  brought  into  the  room  before  it  is  wanted. 
Milk  is  specially  prone  to  absorb  into  itself  any  volatile  or  organic  emanations 
floating  in  the  air;  and  the  very  qualities  that  adapt  it,  in  a  way  that  no  other 
food  is  adapted,  to  be  the  most  suitable  nourishment  of  a  child,  render  it  mora 
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liable  to  convey  injurious  particles  to  the  child's  actively-absorbent  surfaces  Any 
artide  of  food  brought  upstairs  for  the  night  should  be  carefully  covered,  ^vherever 
it  is  placed.  Milk  requires  more  care  than  any  other,  both  as  to  position  and 
temperature.  The  nurse  should  have  it  brought  up  fresh  at  the  time  it  is  wanted 
for  use,  and  see  where  it  is  kept ;  if  not  left  in  a  sealed  can,  at  least  it  should  be 
covered,  and  not  put  near  cheese,  game,  or  remnants  of  food.  For  night  use, 
sH-htly  heating  it  and  adding  a  Httle  salt  helps  to  preserve  it  from  change.  Iho 
fee'ding-bottle  should  be  "scalded"  after  use,  and  the  tube  immersed  m  cold 
water  °untU  it  is  wanted  again.  Microscopic  germs,  and  even  masses  of  fungoid 
vegetation,  were  found  in.  twenty-eight  out  of  thirty  of  the  caoutchouc  tubes  and 
nipples  in  use  at  a  creclie  in  Paris ;  in  some  of  those  said  to  be  clean  some  acid 
milk  remained  containing  bacteria;  these  would  soon  set  up  offensive  changes  in 
any  new  milk  added,  and  are  themselves  known  as  "  germs  of  disease."  A  glass 
cover  is  very  useful  to  go  over  biscuits,  barley-water,  beef-tea,  or  milk.  These 
things  can  be  placed  on  a  tray  ready  for  use  in  the  nurse's  room,  if  that  is  not  a 
sleeping-room,  or  just  without  if  that  room  is  so  used.  A  necessary  fixture 
is  a  small  cupboard  with  shelf  and  drawer  in  the  nurse's  room  for  inclosing 
any  medicines  and  the  simpler  remedies  and  appliances  likely  to  be  wanted. 
No  bottles  are  to  be  left  standing  on  a  wash-stand,  dressing-table,  or  shelf ;  nor 
is  the  cotton  wool  to  be  put  away  with  linen,  but  to  have  a  drawer  to  itself 
under  the  medicine  cupboard,  and  as  part  of  it,  so  as  always  to  be  at  hand, 
and  not  under  lock  and  key.  All  medicines  are  to  be  locked  up,  and  some 
things,  such  as  liniments,  to  be  imder  double  locks.  To  admit  of  this,  the 
medicine  chest  or  shelf,  thirty  inches  long,  is  fixed  to  the  wall  on  brackets,  and 
closed  in  with  double  doors  ten  inches  high,  opening  in  the  middle  ;  one  half  holds 
the  larger  bottles  of  saline,  fluid  magnesia,  and  dill-water,  or  cod-liver  oil,  in  a  single 
compartment ;  the  other  half  has  a  drawer  in  the  lower  part,  which  is  to  be  kept 
locked,  and  divisions  above  for  medicine  glasses  and  such  medicines  as  ipecacuanha 
or  rhubarb.  A  medicine  cupboard  of  this  kind  is  easily  fixed,  out  of  children's  reach. 
The  key  of  the  inner  compartment  is  not  to  be  left  with  children  or  a  young  nurse. 

A  room  fifteen  feet  square  and  nine  feet  high  affords  ample  initial  cubic  space 
for  a  nurse  and  two  children ;  with  good  and  careful  management,  a  nurse,  infant, 
and  two  other  young  children  have  occupied  a  bed-room  of  this  size  without 
detriment  to  health.  ISTo  useless  articles  of  furniture  or  of  drapery  were  allowed 
entrance  ;  both  a  dressing-room  and  a  bath-room  were  close  at  hand,  care  was  taken 
to  keep  the  air  of  the  room  pure,  no  open  vessels  were  allowed  to  remain,  the  door, 
never  quite  closed,  admitted  light  and  air  from  the  passage,  the  two  windows  were 
partly  open  on  the  summer  nights,  and  the  fire  always  lighted  before  bed-time  in  the 
winter.  Children  from  seven  to  nine  or  ten  years  of  age  may  have  separate 
bed  -rooms,  and  after  that  age  a  separate  dormitory  for  each  is  requisite.  A  space  of 
fourteen  or  fifteen  feet  by  eight  or  nine  feet  wide  permits  of  a  bed  four  feet  wide 
to  be  placed  between  the  door  and  the  wall,  and  a  fireplace  in  the  opposite  wall  to 
be  beyond  the  foot  of  the  bed.  No  double-bedded  room  should  be  lesg  than  fifteen 
feet  square,  and  no  bed-room  should  be  without  a  fireplace. 

A  child  until  two  years  old  must  sleep  with  the  nurse,  and  requires  the  same 
allowance  of  cubic  space.  From  two  to  five  or  seven  years  of  age  two  children  may 
be  estimated  as  one  adult  in  calculating  the  amount  of  initial  air-space  wanted  in 
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door  ;  half  an  inch  left  under  each  door,  or  three-quarters  of  an  inch  at  the  ton 
obtained  by  bevelling  the  upper  edge  of  the  door,  Juld  provide  t^ch  spaces  tw  h 
should  together  be  equal  to  twenty-four  square  inches  for'each  person;  Xeoret  lat 
the  inlets  and  outlets  should  be  equal;   practicaUy,  they  equal  se  trem  eW 
whatever  we  do,  and  one  or  two  grated  openings  may  be  placed  ir!  the  angTe  of  th" 
-al  s  and  ceilmg.     A  fire  will  draw  to  itself  a  supply  of  air,  and  lo  ensure 
ventilation,  and  perhaps  a  draught;  an  open  fireplacfwith  no  fire  in  the  W  r 
will  let  in  cold  air,  unless  some  means  of  prevention  are  used.    A  Galton's  stZlI 
so  constructed  as  to  warm  the  air  before  it  is  admitted  to  the  room.    A  fire  in  the 
winter  should  burn  up  long  before  the  cliildren's  bed-time.    The  room  door  may  be 
left  partly  open,  and  there  wUl  mostly  be  an  open  door  either  from  the  dressi.- 
room  or  the  nurse  s  room;  the  doors  must  be  so  hung  that  when  partly  opened  the^ 
^  shield  the  bed,  rather  than  direct  the  current  of  air  on  to  it.    The  windows  in 
the  summer  can  be  left  a  little  open  at  the  top;  they  should  be  provided  with 
shutters,  both  to  keep  ofi"  draught  and  to  shut  out  some  of  the  light  when  this  may 
be  necessary;  they  aid  materially  in  lessening  the  chill  that  in  cold  weather  always 
strikes  m  from  the  windows,  and  then  require  the  aid  of  curtains  for  further 
preservation  of  warmth.    A  stout  linen  or  jute  fabric  makes  a  good  protective 
wmdow-curtain  for  the  winter.    All  woollen  hangings  are  objectionable  in  a  bed- 
room, as  they  readily  absorb  moisture  and  all  organic  particles  suspended  in  it  or 
floating  m  the  air;  the  bed-curtains  should  be  confined  to  the  upper  end  of  the  bed 
and  be  of  dimity  or  some  thin  linen  material.    The  ceUing  of  the  room  should 
be  such  as  to  bear  rubbing  over;  it  is  better  of  a  grey  or  cream-colour  than 
white,  so  as  not  to  reflect  too  much  light  on  the  upward  gaze  of  children. 
The  walls  of  the  bed-room  are  better  distempered,  or  painted  in  some  even 
tone  of  quiet  colour ;  if  the  wall  is  papered,  it  should  be  varnished  over,  and 
the  paper  must  have  no  bright-coloured  intricate  pattern-spots,  and  no  'vivid 
greens  likely  to  contain  arsenic.    The  floor  must  not  be  carpeted  all  over,  cer- 
tainly not  under  the  bed,  and  it  is  better  to  have  the  boards  stained'  and 
left  bare  round  the  sides  of  the  room;  the  top  edge  of  the  skirting-board 
should  be  rounded  ofi"  in  all  rooms  for  children.     Iron  bed-frames  should  have 
round  edges.    Slips  of  soft  carpet  by  the  sides  of  the  bed,  and  from  the  door 
to  the  fireplace,  if  not  all  over  the  centre  of  the  room,  are  sufficient.  Kidderminster 
carpets  are  better  than  those  of  more  open  texture  for  bed-rooms,  and  Dutch 
carpets,  with  a  smooth  woollen  surface  over  a  hempen  framework,  are  specially 
suitable  for  children's  rooms  and  the  passages  leading  to  them. 

The  materials  in  general  use  for  bedding  are  such  as  comply  fairly  -with  the 
qualities  that  are  required  in  them  and  the  purposes  to  be  served.  Wool,  though 
the  best  material  for  preserving  the  warmth  of  the  body,  absorbs  moisture  very 
rapidly  ;  but  the  moisture  from  the  breath  and  skin  contains  much  that  is  better 
not  absorbed,  consequently,  the  woollen  blankets  are  properly  covered  with  linen  or 
cotton  sheets.  Cotton  is  better  for  the  night  covering,  as  it  is  very  non-absorbent 
of  water,  and  conducts  heat  rathej-  less  rapidly  than  linen.    Linen  makes  a  very 
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good  coveving  fox-  the  nxattress;  this  should  be  stuffed  with  horsehaxr  ^f^ll^'^^^l 
palliasse  witl  straw;  these  are  the  two  materials  least  absorbent  ^^^^^^^^^^^^^ 
permeable  organic  matter.  Wool  aiad  feathers  are  most  absorbent,  hence  the  stout 
rrand  white  linen  cover  requisite  for  a  pillow-case.  All  hydroscopic  substances 
absorb  animal  effluvia  most  freely,  and  more  so  if  of  a  dark  colour. 

Lest  the  requirements  of  the  nursery,  with  all  these  separate  bed,  bath  and 
dressing  rooms,  with  store-room,  linen-closet,  pantry,  larder,  and  scullery  should 
seem  more  than  any  moderately-sized  house  could  contain,,  it  may  be  observed  that  m 
smaU  houses  these  rooms  or  places  that  subserve  these  different  purposes  necessarily 
exist  and  that  attention  is  properly  directed  towards  keeping  them  to  then-  various 
purposes.  In  the  same  way  every  house  could  hardly  furnish  separate  dressing, 
breakfast,  and  dining  rooms,  as  weU  as  morning-room,  play-room,  study,  and  parlour, 
yet  there  are  few  houses  that  could  not  afford  a  change  of  room  for  breakfast  or 
study,  to  dinner  or  play,  and  it  is  worth  remembering  that  such  change  of  room 
after  a  meal  or  after  close  attention  to  lessons  is  in  every  way  beneficial  and  even 
necessary. 

In  large  houses,  the  great  advantage  of  the  drawing-room  as  a  place  to  be 
visited  by  children  for  short  intervals,  when  not  wanted  for  the  reception  of 
visitors,  and  while  their  own  rooms  are  thrown  open,  is  not  often  taken  and  made 
the  most  of.  In  a  large  country  house,  where  space  is  unlimited,  an  entire  wing  of 
the  building  can  be  devoted  to  the  nursery.  This  can  be  constructed  at  right  angles 
to  the  side  of  the  house  occupied  by  the  family  ;  downstairs  the  children's  dining- 
room  can  be  near  the  general  breakfast-room ;  upstairs  the  nurse's  or  infant's  room 
can  be  next  the  principal  bed-room,  or  divided  from  it  only  by  a  passage,  while 
opening  also  into  the  central  corridor  of  the  nursery  wing.  This  corridor,  running 
the  whole  length  of  the  block,  with  rooms  on  either  side,  has  a  passage  at  right 
angles  from  it  leading  to  a  closet  with  lobby  projecting  beyond  the  outer  wall ;  in 
this  passage  is  the  bath-room,  and  on  the  other  side  are  bed-rooms  ;  at  the  farther 
end  of  the  central  corridor  is  the  second  staircase,  with  airy  landing  and  thorough 
ventilation,  with  which  that  of  the  main  corridor  can  either  be  made  to  form  part 
or  be  made  independent ;  at  this  end  will  be  the  store-room  for  linen,  the  work-room, 
and  the  room  for  the  under-nurse,  with  perhaps  a  separate  room  for  a  child  who 
is  restless  or  unwell  close  by.  At  the  other  side  will  be  the  day-room,  either  at  the 
end  of  the  building  or  projecting  from  it,  so  as  to  have  windows  on  two  sides  of  it, 
and  perhaps  a  conservatory  or  balcony  attached,  with  steps  leading  to  the  garden. 
Where  superficial  space  is  at  all  limited,  the  spare  room  for  a  sick  child  and  bed-room 
for  the  nurse  can  easily  be  on  a  higher  floor,  and  one  or  two  of  the  sitting-rooms  on 
a  lower  floor.  Here,  on  one  side  of  the  entrance,  could  be  the  study,  with  windows 
not  too  large  in  the  longer  Avail  of  the  room,  and  on  one  side  only,  so  that  the  light 
may  fall  on  the  left  front  of  the  children  when  seated  at  the  table  or  tables,  one 
placed  at  right  angles  to  each  window ;  on  the  other  side  could  be  a  Avell-lighted 
play-room,  or  room  for  meals.  A  spacious  shelter  might  be  formed  under  one  of 
the  projecting  upper  rooms  for  exercise  in.  wet  weather.  A  separate  staircase  for 
the  children  from  floor  to  floor  is  a  great  convenience  and  comfort,  for  it  would  then 
be  readily  adapted  to  prevent  the  toilsome  climb  children  have  to  encounter  in 
going  upstairs.  Each  step  of  the  children's  stairs  should  be  only  four  inches  high, 
instead  of  six  inches  as  in  most  staii-s,  or  seven  to  eight  inches  in  some,  and  the  fuU 
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Width  of  twelve  inches  for  the  flat  surface  should  be  preserved,  so  that  space  for  a 
second  step  is  available  as  each  elevation  is  surmounted ;  a  separate  handrail  at  a 
lower  level,  about  two  feet  from  the  top  of  the  step,  on  either  side  of  the  stairs  is  a 
^•eat  help  to  children.  The  grand  staircase  of  a  big  house  is  easier  and  safer  for 
cluldren  than  the  back  stairs,  or  those  usually  leading  to  the  bed-rooms  :  a  sprin- 
gate  must  protect  the  top  of  all  stairs  used  by  children,  or  be  aflixed  to  the  landin° 
or  passage  leading  from  them  to  their  rooms.  " 

A  sunny  aspect  and  cheerful  outlook  should  always  be  secured  for  the  childi-en's 
day-room,  while  the  interior  should  be  made  as  bright  and  cheerful  as  possible  In 
the  play-room  coloured  pictures  or  illuminated  cards  could  be  arranged  round  the 
lower  part  of  the  room  above  a  low  dado,  where  they  would  come  within  easy  ran-e 
of  the  child's  vision,  and  be  protected  by  varnish.  The  windows  should  always  be 
low  enough  for  children  to  get  a  good  view  out-of-doors,  or  if  over  two  feet  above  the 
Hoor  a  fixed  play-box  reaching  half  way  up  would  enable  them  to  look  out  easily. 
Outside  the  windows  there  should  be  a  projecting  ledge  to  hold  flowers,  with  a  rail 
round  it  to  prevent  anything  falling  off;  a  cross  rail  just  outside  the  opening  of 
the  window  guards  against  the  danger  of  chUdren  getting  out  by  it,  or  leaning  over 
the  sill.  French  windows  opening  vertically  are  well  calculated  for  admitting 
plenty  of  fresh  air ;  these  should  always  have  a  well-protected  balcony  outside, 
A  projecting  window  often  adds  much  to  the  convenience  and  cheerfuhiess  of  a 
day-room. 

The  windows,  except  for  bed-rooms,  should  always  be  continued  up  nearly  to  the 
ceiling,  and  are  better  lofty  than  large.  In  the  evening,  when  lights  are  burning, 
they  may  be  opened  a  little  near  the  top,  with  such  arrangements  of  curtains  as  to 
protect  those  in  the  room  from  draughts.  A  very  good  arrangement  of  sash  windows 
is  to  have  the  timber  of  the  lower  sill  of  more  than  the  usual  depth,  so  as  to  rise  two 
or  three  inches  above  the  lower  edge  of  the  sash;  then,  if  the  sash-frame  has  a  depth 
of  four  inches,  as  it  commonly  has  to  support  plate  glass,  the  lower  sash  can  be  raised 
two  inches  without  any  draught  of  air  entering  beneath,  while  a  good  stream 
of  air  enters  between  the  sashes,  and  is  directed  towards  the  ceiling.  A 
Tobin's  tube  placed  by  the  side  of  the  window-curtains  admits  air  much  in  the  same 
way. 

The  fireplace,  or  hearth,  is  an  essential  comfort ;  it  should  be  protected  but  not 
obscured,  and  the  fender  is  better  placed  at  such  a  distance  as  to  be  a  safeguard 
against  accidents  by  fire  than  to  be  raised  to  any  height  over  two  feet,  or  furnished 
with  grills  and  gratings ;  a  fender  of  fine  wire  with  smooth  polished  top  of  steel 
or  brass,  safely  secured  at  both  ends  to  the  sides  of  the  cliimney-piece,  answers  very 
weU  whUe  children  are  playing  about  the  room  ;  the  wire  keeps  off  the  direct  heat 
from  the  fire  if  they  are  creeping  on  the  ground  near,  and  does  not  obstruct  the 
view  of  it  if  they  are  standing,  or  seated  at  the  table.  If  children  never  had  to 
witness  the  nefarious  tricks  of  servants  in  placing  aU  varieties  of  cups,  platters, 
shoes,  and  clothes  near  the  fire  the  tendency  to  imitate  would  not  arise,  and  all  risk 
of  accidents  be  infinitely  diminished.  Care  should  be  taken  that  children  do  not  play 
on  the  floor  in  a  direct  line  between  the  door  and  fireplace,  the  door  ought  not 
to  be  opposite  but  to  one  side  of  the  fireplace,  and  they  ought  not  to  be  allowed 
to  keep  near  the  door. 
■  Even  in  amusement  with  toys  a  good  light  is  «f  first  necessity ;  let  all  occupations 
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be  carried  on  in  full  light  of  the  windows;  before  daylight  fails  it  is  t  1- 
energy  of  business  to  give  place  to  the  pleasures  of  romance,  and  story-tellmg  may 
be-in,  if  it  is  not  the  time  for  oral  instruction  or  elementary  discipline.  Not  only 
mnst  children  have  a  good  light  while  they  are  busy,  but  they  should  not  be  too 
intently  occupied  with  small  objects  at  short  distances;  some  toys  to  be  held  near 
the  face  for  blowing  through,  or  too  close  attention  to  threading  beads,  may  induce  or 
confirm  a  tendency  to  squinting,  to  weak  or  short  sight,  in  the  earlier  years  of  child- 
hood. A  stooping  position  and  too  prolonged  attention  conspire,  with  other  causes, 
as  a  child's  instruction  advances,  to  produce  short-sightedness,  this  widely-spread  but 
avoidable  evil  of  ciAdlisation.  Children  are  sometimes  seated  on  insufficiently-raised 
seats,  and  so  have  their  faces  too  near  the  table.  The  ordinary  tables  both  for 
meals  and  for  books  or  pictures  should  be  somewhat  less  in  height  than  the  average 
dining-table.  Besides  the  high  chair  for  infants,  with  its  lower  part  convertible  into  a 
table  on  occasion,  several  low  chairs,  and  a  low  stand  or  table  big  enough  to  set  out 
an  ark  or  a  toy  farmyard,  should  be  provided.  The  top  of  this,  fifteen  inches  from 
the  floor,  can  be  raised  or  extended  by  a  movable  board  kept  for  the  purpose. 
The  little  chairs  should  be  eight  inches  high,  with  seats  nine  or  ten  inches  square ; 
others  measuring  twelve  or  fourteen  inches  in  each  direction  are  useful  for  children 
of  all  ages.  The  infant's  chair  for  sitting  at  table  is  usually  twenty-four  inches 
high  at  the  seat,  with  a  foot-rest  five  inches  below  that.  Another  is  made  twenty- 
two  inches  high,  with  a  foot-rest  at  six  inches  ;  the  seat  can  be  raised  by  a  cushion. 
A  child  seven  or  eight  years  old  requires  a  chair  twenty  inches  high,  with  a  mid- 
way foot-rest. 

The  tables  for  meals  or  lessons  should  not  be  more  than  2  ft.  3  in.  high  ;  a  foot- 
ledge  can  be  fixed  across  one  end  of  the  nursery  table  for  the  younger  children  ;  a 
cross-bar  joining  the  table-legs  at  a  lower  level  may  be  used  by  others.  Dining- 
tables  are  nearly  2  ft,  6  in.  high.  Some  diuing-chaivs  are  1ft.  6  in.,  not  high  enough 
for  young  people  under  twelve  years  of  age  ;  a  cane-seated  frame,  with  raised  back- 
piece,  can  be  added  to  the  chairs,  and  a  footstool,  or  hassock,  placed  for  the  feet. 
The  keyboard  of  a  piano  is  2  ft.  3  in.  high ;  for  children,  a  high  chair,  with  low 
back  and  movable  foot-rest,  should  take  the  place  of  the  music-stool. 

The  increase  of  short-sightedness  with  the  increase  of  education  is  an  evil  so  im- 
portant to  guard  against  and  prevent,  that  some  of  the  rules  to  be  observed  dur- 
ing the  hours  of  instruction  will  be  explained.  Short  sight  is  more  frequent 
among  children  who  begin  book-lessons  very  young.  Children  of  three  years  old 
should  be  taught  their  letters  on  picture-blocks.  No  lessons  should  be  of  more  than 
half  an  hour's  duration  for  those  under  six  years  of  age.  The  type  should  be 
large  in  books  for  the  very  young.  Insufficient  or  ill-arranged  light  obliges  us 
to  lessen  the  distance  between  the  eye  and  the  book ;  this  is  done  in  twilight, 
and  must  occur  if  the  desk  and  seats  are  not  rightly  proportioned.  Ten  inches 
should  be  the  least  distance  between  the  eye  and  the  book,  and  copy-books 
should  not  be  placed  straight  upon  the  desk,  but  so  that  the  lines  slope  upwairds 
to  the  right ;  a  straight  down-stroke  can  then  be  made  without  bringing  the  left 
eye  too  near  the  paper,  or  giving  a  twist  to  the  head  and  body.  For  wi-iting,  the 
paper  should  be  raised  by  an  angle  of  20° ;  for  reading,  the  book  is  better  raised  to 
40° ;  the  two  eyes  can  thus  be  moved  along  the  lines  without  fatiguing  the  muscles 
or  compressing  the  eye  ;  then  the  book  must  not  be  too  far  on  the  table,  or  tlie  child 
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Will  have  to  sit  on  the  edge  of  the  seat  and  lean  forward  and  press  a-ainst  the 
chest,  or  use  the  arms  in  support.  The  seats  must  have  backs,  not  too  hi4  and  not 
standmg  backwards;  the  back  ought  to  be  straight,  with  a  firm  bar  of  wood  about 
three  niches  broad  to  come  across  the  loins  close  above  the  hips.  The  seat  should 
be  broad  enough  to  take  the  whole  length  of  the  thigh,  and  a  foot-board  should  be 
so  fixed  as  to  let  the  foot  rest  naturally  on  it.  The  edge  of  the  desk  must  be  per- 
pendicularly above  that  of  the  seat,  and  just  high  enough  to  allow  the  elbow  to  rest 
on  It  without  displacing  the  shoulders.  For  school-work  the  back  of  the  seats 
should  consist  only  of  the  support  before  mentioned ;  for  boys  it  should  be  one  inch 
ower  than  the  edge  of  the  table,  and  for  girls  one  inch  higher  than  the  table  Too 
ong  a  time  at  once  is  often  directed  to  lessons ;  the  length  of  application  or  attention 
has  to  be  varied  with  the  age  of  the  child. 

Not  only  short  sight,  but  various  spinal  deformities,  result  from  inattention  to 
the  above  directions.  The  reciprocal  influence  of  seats  and  lighting  is  weU  insisted 
on  by  Mr.  Liebreich  ;  he  says,  «  A  back-rest  is  necessary  to  avoid  short-sightedness, 

a^id  good  light  is  necessary  to  avoid  cur- 
vature of  the  spine.  For  preservation  of 
sight,  as  well  as  of  a  normal  figure,  the 
possibility  of  remaining  in  a  normal 
posture  during  school-time,  and  especially 
when  writing,  is  an  absolute  necessity." 

The  subjoined  figure  (409),  from  Mr. 
Liebreich's  lectures  on  "  School  Life  on  its 
Influence  on  Sight  and  Figure,"  is,  with 
his  permission,  appended  as  a  model  of  a 
good  chair  for  the  complete  and  easy  rest 
of  the  body.  The  essential  part  of  this 
chair  is  the  firm  upper  surface  bent  to 
follow  the  curves  of  the  spine,  and  so  give 
complete  support  and  rest  to  the  back.  By 
prolonging  the  lower  end  a  little  downwards,  and  adding  a  projecting  foot  to  the 
lowest  part  of  the  back,  the  framework  is  done  away  with,  and  the  bent  board  will 
stand  firmly  anywhere,  and  form  a  -  very  convenient  reclining-board.  Messrs. 
Callaghan,  New  Bond  Street,  are  the  agents  for  this  simple  structute.  Such  boards 
are  very  useful,  for  a  rest  of  ten  minutes,  in  relie^dng  the  fatigue  of  the  upright 
position,  or  in  the  intervals  of  lessons  when  active  play  is  not  to  be  had.  By 
means  of  easy  rest  and  varied  exercise,  rather  than  by  the  rigid  back-board  and 
wooden  foot-frame  of  a  past  age,  we  may  hope  to  avoid  the  tendency  to  spinal 
curvature  and  short-sightedness  so  frequently  met  AvitL 

A  careful  hygiene  should  guard  the  early  training  of  childhood  from  every 
hindrance  to  full  development,  and  from  all  interference  with  growth,  activity,  and 
health. 


Fig.  409.— Chair  giving  Perfect  Eest. 


HOUSE-CLEANINa. 

By  PHILLI3  Beowne. 


CHAPTER  LXXXVII. 

Ordinary  Daily  Cleaning-Beds  and  Bedding-Dusting-Spring  Cleaning-Tlie  Kitclien  and  Offices- 

Washing— The  Larder  and  Outhouses. 

We  aU  know  wliat  it  is  to  enter  a  house  which  has  been  shut  up  for  any  length  of 
time.  How  close  it  is ;  how  "  stuffy  "  it  feels.  The  dust  lies  thick  on  the  floors 
and  ledges;  the  windows  look  dim  and  murky.  The  builders  may  have  built  the 
house  of  the  best  materials ;  it  may  have  been  constructed  on  the  most  scientific 
principles,  be  perfectly  drained,  thoroughly  ventilated,  and  supphed  with  every 
appliance  for  health  and  comfort,  yet  it  will  not  be  fit  for  human  habitation  until  it 

has  been  well  cleaned. 

Suppose  we  send  our  servants  into  it  with  soap,  water,  sand,  scrubbing-brush, 
and  broom,  and  have  it  cleaned  from  attic  to  cellar  until  it  is  fresh  and  bright  aU 
through  ;  how  long  wiU  it  remain  so  1  Not  a  day.  The  maids  may  commence  at 
the  attic  and  clean  downwards  in  the  orthodox  manner,  removing  the  dirt  as  they 
go,  and  carrying  it  vigorously  before  them  ;  by  the  time  they  reach  the  cellar  door 
the  attics  will  be  ready  for  them  again.  The  moment  which  finds  a  room  perfectly 
clean  is  the  moment  in  wliich  it  begins  to  get  dirty  again.  If  once  we  commence  a 
war  against  dirt,  we  can  never  lay  down  our  arms  and  say  "  now  the  enemy  is 
conquered."  The  very  fact  of  our  doing  so  would  prove  that  he  was  gaining 
ground  on  us.  The  fight  must  be  waged  without  intermission,  and  the  moment  of 
rest  is  the  moment  of  defeat.  No  one  need  fear  the  confiict,  however.  The  habit 
of  perfect  cleanliness,  once  acquired,  soon  becomes  second  nature ;  and  a  person 
accustomed  to  the  absence  of  dirt  would  find  its  presence  unbearable.  To  such  a 
one  there  would  be  no  pain  in  fighting  the  battle,  the  misery  would  be  iu  maintaining 
a  truce. 

Women — mistresses  of  households,  domestic  servants — are  the  soldiers  who  are 
deputed  by  society  to  engage  in  this  war  against  dirt.  Let  them  not  make  the 
mistake  of  regarding  the  foe  against  whom  they  stand  as  insignificant  and  not 
worth  an  attack.  Where  dirt  reigns,  disease,  misery,  and  crime  stand  erect  around 
his  throne ;  liberty,  progress,  and  enlightenment,  hide  their  heads  in  shame.  All 
the  great  plagues  which  have  destroyed  human  happiness,  broken  women's  hearts^ 
and  made  childreu  orphans,  have  held  their  carnival  in  the  midst  of  dirt.  Where 
dirt  has  been  driven  out,  purity  and  enlightenment  have  found  a  congenial  home ; 
and  it  has  always  been  found  that  to  become  clean  is  tO  take  the  first  step  in 
becoming  good,  wise,  and  great.  Moreover,  the  individual  who  has  realised  the 
satisfaction  belonging  to  cleanliness  becomes  sensitive  to  the  discomfort  and 
unwholesomeness  of  dirt.  Various  sanitary  improvements  which  have  been 
introduced  of  late  years  have  arisen  from  a  deep-rooted  dislike  to  dirt. 
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There  is  a  right  way  and  a  wrong  way  of  setting  about  even  such  a  simple  thin- 
as  keeping  a  house  clean.  In  every  trade  there  are  certain  methods  of  procedure" 
which  experts  know  of  and  adopt,  and  are  thus  enabled  to  do  their  work  well  and 
easily.  This  rule  prevails  in  household  work  as  well  as  in  other  occupations  It  is 
no  more  natural  to  a  woman  to  be  a  cleaner  than  it  is  to  a  man  to  be  a  ioiner 
One  i;eason  wliy  so  many  domestic  servants  fail  in  their,  work  is,  not  that  they  are 
unwiUing,  but  that  they  have  not  been  trained  to  the  right  methods  A  skilled 
housemaid,  for  instance  will,  without  bustle  or  hurry,  and  with  comparatively 
little  fatigue  to  herself,  keep  a  house  clean  and  preserve  the  furniture  while  an 
untrained  one  will  toil  and  bustle,  and  put  forth  all  her  energies,  and  yet  not 
achieve  nearly  so  much,  and  very  likely  also  injure  half  the  articles  she  cleans, 
simply  because  she  does  not  know  how  to  set  about  her  work. 

All  mistresses  have  found  what  a  comfort  it  is  to  have  a  servant  who 
tinderstands  her  duties,  and  also  what  mischief  may  be  done  by  a  girl  wiUin-  and 
physically  strong,  who  does  not  understand  them.  It  is  quite  true  that  skill  in 
manual  labour  cannot  be  gained  by  reading  about  the  work.  The  best  methods  of 
doing  it  may,  however,  be  pointed  out  in  writing,  and  if  the  knowledge  thus  gained 
be  carried  duly  into  practice  skill  will  follow  as  a  matter  of  course. 

In  domestic  management,  quietness  and  ease  are  signs  of  strength  and  skill. 
When  household  work  is  done  with  difficulty,  and  the  effort  involved  is  unpleasantly 
obvious,  it  is  generally  badly  done.  If  we  hear  the  wheels  of  machinery  creaking 
and  groaning,  we  say  at  once  that  oil  is  wanted,  and  we  expect  that  the  work  will 
be  spoiled.  If  they  run  smoothly,  we  think  the  machine  is  a  good  one ;  the 
machinist  understands  his  business,  and  we  are  not  astonished  to  find  that  the  work 
is  well  done. 

Method  and  system  are  to  household  work  what  oil  is  to  machinery — they  make 
things  go  smoothly  and  easily.  In.  every  household,  be  it  small  or  large,  let  a 
carefully-conceived  and  well-arranged  plan  for  regular  cleaning  be  laid  down  and 
duly  observed.  System  consists  in  having  a  clear  understanding  of  what  has  to  be 
done,  when  and  how  it  is  to  be  done,  and  arranging  who  is  to  do  it.  If  the 
arrangement  be  a  practical  one,  if  the  work  is  not  beyond  the  powers  of  the 
workers,  and  if  sufficient  time  is  given  for  its  due  performance,  the  house  will  be 
kept  clean,  and  that  is  far  better  than  "  cleaning  it  up  "  after  it  has  been  allowed  to 
run  down. 

A  very  important  point  in  the  arrangement  is  the  division  of  work.  This 
should  never  be  left  to  chance,  for  attention  to  it  is  one  of  the  secrets  of  good 
management.  As  in  a  campaign  each  officer  is  told  off  to  a  particular  duty,  let 
each  servant  in  a  house,  and  each  member  of  the  family  who  can  take  a  part, 
understand  clearly  what  is  the  duty  for  which  she  is  responsible.  In  large  house- 
holds this  division  of  labour  is  arranged  for  as  a  matter  of  course.  It  would  be  an 
advantage  if  the  plan  were  universally  adopted,  and  if  every  one  in  the  house  would 
do  his  or  her  part,  not  in  cleaning,  but  in  preventing  dirt  by  the  practice  of  cleanly 
habits.  Even  children  might  be  trained  to  do  this  from  their  earliest  yeai's.  It  is 
not  for  me  to  say  here  what  this  division  of  labour  should  be  ;  that  must  vary  with 
circumstances.  In  the  mansion,  as  in  the  cottage,  certain  work  must  be  done 
regularly  if  the  home  is  to  be  clean  and  healthy,  and  it  will  be  all  the  more  likely 
to  be  attended  to  if  there  is  some  one  person  who  is  responsible  for  each  item. 
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In  trying  to  arrive  at  a  clear  idea  of  what  has  to  be  done  to  keep  a  house  c  ean 
we  shall/peilaps.  &.d  it  best  to  take  each  part  of  a  house,  and  describe  xn  detail  the 
cleaning  necessa;y  to  be  done  daily,  weekly,  and  also  at  stated  perxods  at  longe 
intervafs.  Speaking  generally,  it  may  be  said  that  daxly  work  must  be  directed 
towards  the  removal  of  recent  surface-dirt,  while  weekly  work  and  periodical 
cleaning  must  aim  at  a  restoration  to  that  condition  of  perfect  cleanliness  from  which 
everything  around  us  is  in  a  continual  state  of  departure. 

Kooms  which  are  constantly  used  are  more  likely  to  become  dusty  and  dirty 
than  are  those  which  are  seldom  entered.  It  is  a  melancholy  fact  that  we  all 
communicate  impurity  to  material  objects  by  our  touch,  and  even  by  our  presence. 
We  contaminate  air  by  breathing  it,  and  water  by  touching  it.  The  fire  which 
warms  us  when  we  are  cold  is  a  very  decided  source  of  dirt ;  the  perspiration, 
which  is  a  sign  that  we  are  hot,  throws  off  impurities  from  our  bodies.  If  we  walk 
out  of  doors  we  are  sure  to  bring  in  with  us  on  boots  and  clothes  some  of  the  dirt 
from  the  street.  If  we  could  put  the  contents  x)f  the  housemaid's  dust-pan  under  a 
powerful  microscope,  we  should  find  that  a  considerable  portion  of  the  dust 
collected  there  was  made  up  of  organic  particles— hair,  scurf,  little  pieces  of  skin, 
nail-clippings,  &c.  &c.— the  result  of  the  presence  of  the  inhabitants  of  the  house. 

The  fact  may  be  an  unpleasant  one,  but  it  is  better  to  recognise  it  and  deal  with 
it  than  it  is  to  ignore  it  and  leave  the  ill  alone.  The  only  way  in  which  we  can 
turn  our  knowledge  to  account  is  to  see  that  the  living-rooms,  and  the  parts  of  a 
house  which  are  in  regular  use,  are  cleaned  daily. 

Stairs,  Halls,  and  Passages,  with  the  approaches  to  the  house  both  back  and 
front,  should  be  cleaned  early  in  the  day.  Before  beginning  to  sweep  the  hall  or  the 
stairs  the  maid  should  shut  all  the  doors,  that  the  loose  dust  may  not  enter  the 
rooms.  Door-mats  should  be  taken  up  and  carried  outside  of  the  house,  where  they 
should  be  shaken  and  beaten  with  a  thin  stick.  The  stairs  should  then  be  swept, 
beginning  at  the  top,  and  care  should  be  taken  to  go  well  into  the  corners,  and  to 
slip  out  the  ends  of  the  rods,  in  order  that  dust  lying  underneath  may  be  removed. 
Many  clever  housekeepers,  owing  to  stress  of  work,  have  the  stairs  dusted  only  every 
day,  and  swept  once  or  twice  a  week.  It  will,  however,  be  found  that  if  the  ends  of 
the  rods  can  be  slipped  out,  and  the  dust  removed  from  under  them  frequently, 
the  stairs  will  not  become  dusty,  and  this  will  save  all  the  house.  The  sweeper 
should  have  what  is  called  a  staircase-broom  and  a  dust-pan,  with  a  small  round 
brash  for  the  corners.  She  should  sweep  the  dust  from  each  stair  separately 
into  the  dust-pan,  and  she  should  try  not  to  make  it  fly  off  to  settle  again  on  doors 
and  walls. 

A  long  broom  will  be  needed  for  the  hall,  and  the  dust  should  be  swept  into 
one  corner,  then  taken  up  into  the  dust-pan.  When  the  dust  has  had  time  to  settle, 
but  not  before,  the  mats  may  be  laid  down  again,  and  the  hall  may  be  dusted. 
(See  remarks  on  Dusting,  later.)  If  brushes  are  to  do  any  good  in  cleaning,  they 
must  themselves  be  clean.  They  should  therefore  be  washed  when  necessary.  They 
will  best  keep  their  shape  if  hung  up,  or  put  away  brush  upwards.  Hair  brooms  of 
all  kinds  will  wear  longer  if  put  into  cold  water  for  an  hour  when  new  before  being 
used.  The  banisters  and  railings  of  the  stairs,  with  the  doors  which  open  into  the 
hall,  must  not  be  forgotten,  and  all  panellings  and  mouldings  and  pictures,  with 
the  umbrella-stand,  must  receive  attention.     The  maid  should  be  particularly 


872 


OUR  HOMES. 


careful  to  remove  dust  from  ledges  above  her  head.    When  dust      l^ff  fi 
places  it  flies  off  and  makes  the  house  dirt,.    If  there  aran/llp  or  or^m^^^ 
m  the  ha  I,  they  must  be  rubbed  and  brightened,  and  handles,  or  brass  knoZs 

On  a  particular  day  in  each  week  the  stair-rods  should  be  taken  out  cleaned 
^vxth  a  httle  pohshxng-paste  on  flannel,  and  rubbed  weU  with  a  leather.  P^Sbl 
paste  for  brass  xs  sold  by  every  chemist,  and  brass  cleaned  with  it  wUl  keep  St 
onger  han  If  bath-bnck  is  used.  Besides,  polishing-paste  gives  a  black  bxShtness 
M  bath-bnck  gxves  a  wh  te  brightness,  and  the  black  brightness  is  to  be  parrel' 
When  cleanmg  c^oor-handles  it  is  well  to  have  ready  a  piece  of  millboard  with 
a  hole  m  the  middle,  and  to  shp  this  over  the  handles.  It  will  preserve  the  paint 
ot  the  door  from  being  marked  with  the  polish 

Floor-cloths  or  Oil-cloths  should  be  dusted  over  every  morning  with  a  damp 
cloth.  On  a  particular  day,  once  a  week,  they  should  be  washed  with  a  soft  clean 
flannel  kept  exclusively  for  the  purpose,  and  cold,  or,  at  any  rate,  luke-warm  water. 
Neither  soap  nor  soda  should  ever  be  used  for  them,  although  a  little  milk  may  be 
employed  occasionally.  After  washing  they  should  be  rubbed  dry  with  a  soft 
cloth;  they  will  lose  their  brightness  if  left  wet.  Cocoa-nut  matting  should  be 
taken  up  and  shaken  once  a  week.  When  very  dirty  it  should  be  scrubbed  while 
down  with  soap  and  hot  water;  then  taken  up,  loosely  folded,  and  dipped  into  cold 
water  to  rinse  it,  and  hung  upon  a  line  to  dry.  Straw  matting  must  be  fixed  or  it 
Will  crack  and  not  lie  flat.  It  may  be  washed  over  once  a  week  with  salt  and 
water.  Tiled  floors  should  be  washed  in  luke-warm  water  and  dried.  Sometimes 
halls  are  stained  and  varnished  at  the  edges,  and  carpet,  or  matting,  is  placed  in  the 
centre.  When  this  is  the  case,  the  boards  should  be  dusted  every  day,  and  on  a 
certain  day  in  every  week  they  should  be  rubbed  with  a  lump  of  bees-wax  and 
brushed  with  a  furniture-brush. 

On  the  day  set  ajiart  for  washing  the  oil-cloth,  all  the  windows  in  the  hall 
should  be  cleaned.  The  panels,  lintel,  and  framework  of  the  house-doors  also 
should  be  dusted  one  week,  and  washed,  dried,  and  poUshed  with  a  leather  every 
alternate  week. 

At  stated  intervals— say  of  three  months,  and  of  course  at  the  spring  cleaning— 
the  stair-carpets  should  be  taken  up  and  well  shaken,  and  the  stairs  should  be  scrubbed 
down.  On  these  occasions  the  passage  walls  should  be  rubbed  over  with  a  Turk's- 
head  broom  covered  with  a  soft  duster.  At  the  time  of  the  spring  cleaning  the  paper 
of  the  walls  in  the  hall  should  be  cleaned  like  the  paper  of  a  room.  If  the  paper  is 
varnished  it  may  be  washed  with  soap  and  cold  water  and  a  soft  flannel  or  a  sponge. 
It  should  be  washed  and  rinsed,  then  left  to .  dry  without  being  wiped.  If  an 
attempt  is  made  to  diy  it  with  a  cloth,  it  is  sure  to  show  the  marks  of  the  cloth. 

Bed-rooms. — As  it  is  very  important  that  bed-rooms  and  beds  should  be  well 
aired  daily,  the  members  of  the  household  should  make  a  point  of  opening  the 
windows  and  turning  down  the  beds  before  they  leave  their  chambers.  One  great 
reason  why  beds  are  so  frequently  made  without  being  properly  aii-ed  is  that  the 
housemaid,  anxious  to  get  on  with  her  work  in  the  morning,  does  not  allow  time 
for  the  beds  to  remain  open.  The  occupants  of  the  room,  therefore,  should  take 
this  business  upon  themselves,  and  should  open  the  window  top  and  bottom  before 
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.oing  do.vnstai.s.    Children  even  (both  boys  and  gir  s  m.gh  ^l^^^  f  '^^^^^^ 
^nd  they  wxld  quickly  acquire  a  habit  which  would  be  valuable  for  the  health 
the  famUy  and  which  they  would  in  all  probabUity  retain  through  1  f e. 

The  bed:  also  should  be  opened  and  turned  dow.    Two  ^^^^  ^^J^^^^^ 

at  the  foot  of  the  bed,  and  the  clothes  should  be  taken  off  singly  and  aid  upon 
them  care  bein^r  taken  to  keep  them  from  the  floor;  the  bed  too  should  be 
u  ne'd  back  Both  bed  aaid  bed-clothes  should  then  be  left  exposed  ^o^he 
freT  air  for  two  or  three  hours.  On  dry,  bright  days  the  beds  should  be  taken 
into  the  garden  and  laid  in  the  sun  for  a  while.  In  wet  weather  they  should  be 
put  before  the  fire  occasionally  instead.  _      ,    ,  ,  j  v  i  r„„ 

So  much  has  been  said  about  the  necessity  of  airmg  bed-clothes  and  bedding 
that  it  seems  superfluous  to  urge  its  importance  upon  the  reader,  .^^f  ef^^el^.^^' 
for  the  sake  of  those  who  may  not  have  realised  what  it  is  to  sleep  in  beds  which 
have  not  been  aired,  I  may  repeat  the  words  of  Miss  Nightingale  in  her  "Notes  on 

Nursing " : —  ,  ,    ,      ,    ,  j    i  • 

"If  you  consider  that  a  grown-up  man  in  health  exhales  by  the  lungs  and  skin 
in  the  twenty-four  hours  three  pints  at  least  of  moisture  loaded  with  matter  ready 
to  putrefy;  that  in  sickness  the  quantity  is  often  greatly  increased,  the  quaHty  is 
always  more  hurtful,  just  ask  yourself  next  where  does  all  this  moisture  go  to? 
Chiefly  into  the  bedding,  because  it  cannot  go  anywhere  else.  And  it  stays  there; 
because,  except  perhaps  a  weekly  change  of  sheets,  scarcely  any  other  airing  is 
attempted.  People  are  careful  to  fidgetiness  about  airing  the  clean  sheets  from 
clean  damp,  but  airing  the  dirty  sheets  from  dirty  damp  never  even  occurs  to  them. 

"  My  heart  always  sinks  within  me  when  I  hear  the  good  housewife  of  every 
class  say,  '  I  assure  you  the  bed  has  been  well  slept  in  ; '  and  one  can  only  hope  it 
is  not  true.  'What?  is  the  bed  already  saturated  with  somebody  else's  damp  before 
its  next  occupant  comes  to  exhale  into  it  his  own  damp  1  Has  it  not  had  a  single 
chance  of  being  aired  1'    'No,  not  one.    It  has  been  slept  in  every  night.'  " 

It  wiU  be  seen,  therefore,  that  the  object  of  airing  beds  is  to  free  the  bed  from 
the  dampness  caused  by  the  perspiration  of  those  who  have  slept  in  it,  and  to 
purify  it  by  letting  fresh  air  blow  upon  it.  It  is  evident,  however,  that  it  is  no 
use  to  keep  the  window  open  in  damp,  foggy  weather.  Judgment  should  be 
exercised  about  airing  a  room  as  about  everything  else.  On  damp  days  the  window 
should  be  opened  for  a  little  while  only  to  let  in  fresh  air,  and  to  purify  the 
atmosphere ;  on  foggy  days  it  should  not  be  opened  at  all.  Every  day  the  lower 
sash  should  be  closed  at  sunset. 

Emptying  Slops. — On  going  upstairs  to  "  do  "  the  bed-rooms,  the  housemaid 
should  take  with  her  a  slop-pail  and  a  little  hot  water  in  which  a  lump  of  soda  has 
been  dissolved,  and  two  dry  cloths  (one  for  the  chambers,  one  for  the  basins). 
One  word  may  be  said  about  the  care  of  the  slop-pail.  Of  course  it  should  be  kept 
exclusively  for  its  purpose ;  after  use  it  should  be  scalded  and  wiped  dry  inside  and 
outside,  and  when  not  in  use  should  be  put  somewhere  where  the  air  can  get  to  it. 
The  lid  should  be  scalded  and  wiped,  as  well  as  the  pail,  and,  when  not  in  use, 
should  be  hung  above  it,  not  placed  upon  it.  Twice  a  week  both  pail  and  lid 
should  be  washed  with  chloride  of  lime  and  water. 

The  chamber  ware  should  be  scalded  daily  with  hot  water,  and  Aviped  dry  with 
the  soft  cloth  kept  for  the  purpose.    This  cloth  should  be  rinsed  in  hot  water  and 
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soda  after  bemg  used,  and  hung  in  the  air  to  dry.    If  chambers  are  scalded  and 
^vIped  out  daily,  there  will  be  no  fear  of  their  becoming  furred     Should  it  it 
through  neglect  that  they  get  into  this  condition,  strong  soda  antt  e« 
be  put  into  them  and  left  for  some  hours,  and  if  this  does  not  remove  Ihe  Lpos 
the  u  ensils  niay  be  scoured  with  a  mixture  of  Calais  sand  and  salt.    There  is  C 
httle    fixed  dirt '  m  this  world  which  will  stand  against  vigorous  scrubbing  w  ^ 
sand  and  salt,  and  I  should  think  there  is  no  dirt  at  aU  wHch  will  stand  adjust 
sand  and  salt  with  a  little  vinegar  added.  ^ 
th«tt         ^-^^^"^^•-Tlxe  slops  should  be  emptied  in  all  the  bed-rooms  before 
the  beds  are  made-fix-st,  because  this  will  allow  the  beds  to  be  left  open  longer  •  and 
secondly,  because  the  housemaid  should  wash  her  hands  and  put  on  a  clefn  ;pTon 
before  making  the  beds     Mattresses  and  beds  should  be  turned  every  day  from 
head  to  foot.    If  there  IS  a  feather  bed  it  should  be  shaken  vigorously,  and  Z 
lumps  tliere  may  be  m  it  should  be  rubbed  out.    The  bed-clothes  should  then  be 
put  on  it     The  under  blanket  should  be  laid  on  first,  then  the  bolster,  winch  must 
be  we  1  shaken,  hen  the  under  sheet.    The  pillows  also  should  be  shaken,  and  they 
should  be  placed  with  the  outer  part  of  the  pillow-case  to  the  edges  of  the  bed 
When  putting  on  the  upper  sheet  the  housemaid  should  remember  to  keep  that  end 
to  the  top  which  will  leave  the  hem  folded  under  when  the  bed  is  turned  down,  and 
also  to  tuck  m  each  sheet  and  blanket  separately,  not  aU  at  once.    Unless  this  is 
done  the  under  bed-clothes  drag  when  the  upper  bed-clothes  are  turned  down  To 
make  a  bed  properly  is  a  by  no  means  ordinary  accomplishment.    People  who  are 
not  naturally  sound  sleepers,  and  who  have  been  compelled  to  lie  in  beds  made  by 
inexperienced  housemaids,  will  testify  to  the  tnith  of  this  statement. 

Beds  and  mattresses  should  be  covered  entirely  with  common  calico  The 
covers  should  be  so  made  that  they  can  be  removed,  and  washed  and  replaced  once 
a  year.  Some  people  have  strips  of  calico,  and  sew  these  on  the  edge  of  the 
mattress,  but  it  is  much  cleaner  to  cover  it  entirely.  Eveiy  week  the  blankets  and 
coverlets  should  be  shaken ;  both  bed  and  mattress  should  be  brushed  all  over, 
lifted  off,  and  the  framework  of  the  bed  should  be  dusted,  the  joints  and  crevices 
examined,  and  curtains  and  bed-furniture,  if  there  be  any,  shaken  and  brushed. 
Before  laying  the  mattresses  in  their  places  strips  of  canvas,  or  strong  brown  paper, 
should  be  laid  between  the  iron  framework  and  the  ticking;  these  must  be  brushed 
or  shaken  every  week. 

Bed-linen  must  be  changed  frequently;  the  oftener  this  can  be  done  the  better. 
Clean  linen  is  a  luxmy  as  well  as  a  necessity,  but  the  extent  to  which  it  can 
be  enjoyed  must  be  determined  in  many  households  by  the  sujiply,  and  also 
by  the  possibilities  connected  with  laundry  arrangements.  If  it  is  at  all  practicable 
sheets  and  pillow-cases  should  be  changed  every  week,  on  a  stated  day.  When 
this  cannot  be  done,  fresh  sheets  must  be  allowed  every  fortnight.  One  clean  sheet 
should  be  put  on  the  bed  every  week ;  it  should  be  placed  at  the  top,  and  on  each 
occasion  the  top  sheet  should  be  put  to  the  bottom,  and  the  bottom  sheet  taken  to 
the  wash.  Some  people  like  to  use  calico  for  the  under  sheets,  for  the  sake  of  the 
warmth,  and  linen  for  the  upper  sheets,  for  appearance  sake,  and  for  coolness. 
When  this  is  the  case  the  method  of  putting  on  a  clean  upper  sheet  only  could  not 
of  course  be.  followed. 

Bicgs. — When  beds  and  bed-rooms  are  kept  clean  and  are  thoroughly  ventilatp/J, 
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there  is  not  the  slightest  fear  of  annoyance  from  bugs.  If,  however,  through 
n"lect  these  insect  pests  do  effect  a  lodgment,  vigorous  steps  must  be  taken  to 
111  ti.em.  TlJbed  must  be  taken  to  pieces  at  once,  and  any  wan  e^^^^^  wh.h 
can  be  captured,  as  well  as  the  nits  or  eggs  of  the  insects,  must  be  dest  oyed  The 
framework  of  the  bed  must  be  washed  with  chloride  of  hme  and  water,  and 
Keating's  insect-powder  must  be  sprinkled  into  all  the  joints  cracks,  and 
crevices  After  this  is  done,  the  bed,  mattress,  and  framework  must  be  carefully 
looked  over  every  day,  and,  if  necessary,  the  bed  must  be  taken  to  pieces  a  second 

time  and  the  process  repeated.  »   ,    i  i 

Flem  may  be  got  rid  of  by  washing  the  bedstead  and  the  floor  of  the  bed-room 
daily  with  either  strong  salt  and  water  or  chloride  of  lime  and  water. 

Blanhets  must  either  be  washed  or  sent  to  the  cleaner's  every  spring.  Yery  great 
care  must  be  taken  to  air  them  thoroughly  after  washing.  Each  blanket  should 
be  hun-  two  days  in  the  fresh  air  and  one  day  before  the  fire. 

After  the  bed  is  made,  the  "pieces"  may  be  taken  up  in  a  dust-pan,  the  room 
may  be  thoroughly  dusted,  the  jugs  may  be  filled  with  water,  and  the  caraffe  with 
filtered  water,  and  the  room  is  finished.  i  •    •.  ^. 

When  all  the  bed-rooms  in  the  house  are  finished,  and  the  door  of  each  is  shut, 

the  stairs  may  be  dusted. 

There  is  a  right  way  and  a  wrong  way  even  of  dusting  a  room  or 
furniture.  In  order  to  do  the  work  properly,  it  will  be  necessary  to  have  a  clean 
soft  duster,  or  a  damp  leather,  and  a  furniture-brush.  A  damp  chamois  leather  is 
the  best  of  dusters,  especially  for  black  woods.  Dusters  may  be  bought  of  the 
drapers,  or  they  may  be  made  of  old  cotton  dresses,  old  sheets,  or  old  chmtz  covers 
of  any  kind.  Old  chintz  makes  capital  dusters.  Whatever  the  material  used,  the 
dusters  should  be  hemmed,  for  that  will  make  them  wear  longer ;  also  they  should 
be  whole  :  if  ragged  and  torn,  small  ornaments  will  be  Hkely  to  catch  in  them  and 
be  broken.  The  housemaid  should  begin  at  one  end  of  the  room  and  go  round, 
carefully  dusting  every  article,  until  the  circuit  of  the  room  has  been  made. 
Neither  ledges,  panels,  the  framework  of  the  door,  nor  the  legs  of  chairs  and  tables 
should  be  omitted.  Looking-glasses  should  be  polished.  Carved  ornamented  parts 
should  have  the  dust  removed  with  the  furniture-brush.  In  dusting  the  dressing- 
table  or  the  mantelpiece,  ornaments  should  be  lifted  off  entirely,  then  dusted 
separately,  and  put  back  again  when  their  place  is  made  ready  for  them. 

Care  should  be  taken  to  take  xip  the  dust  with  the  duster  gently  and  carefuUy, 
and  to  get  rid  of  it  by  shaking  the  latter  frequently  out  of  the  window.  Miss 
Nightingale  says  : — "  No  particle  of  dust  is  ever,  or  can  ever,  be  removed  or  really 
got  rid  of  by  the  present  way  of  dusting.  Dusting  in  these  days  means  nothing  but 
flapping  the  dust  from  one  part  of  a  room  to  another,  with  doors  and  windows 
closed.  What  you  do  it  for  I  cannot  think.  You  had  much  better  leave  the  dust 
alone,  if  you  are  not  going  to  take  it  away  altogether ;  for,  from  the  time  a  room 
begins  to  be  a  room  up  to  the  time  when  it  ceases  to  be  one,  no  one  atom  of  dust 
can  ever  actually  leave  it  thus.  To  *  dust,'  as  it  is  now  practised,  really  means  to 
distribute  dust  more  equally  over  a  room."  Miss  Nightingale  says  also  that  the 
only  effectual  way  of  removing  dust  is  to  wipe  everything  with  a  damp  cloth.  This 
cannot  be  done  with  polished  furniture,  but,  at  any  rate,  it  would  be  possible  to  rub 
it  a  little  every  time  it  is  dusted. 
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Polished  floors  must  be  dusted  every  day.    If  there  is  no  carpet  under  the  bed 
the  boards  there  should  be  wiped  over  with  a  damp  cloth  every  day  ' 

Weekhj  Cleaning  of  Rooms.-A  certain  day  in  each  week  should  be  fixed  for 
sweeping  each  bed-room  in  the  house,  and  the  weekly  brushing  of  the  bedstead 
n.att..sses,  and  bed-furnit..e  may  be   attended  to  at  the  s^me  ti^e  Tht 

bra  d     ThT        "7  ^      "7r^'^  °'       ^'"^'^  ^^'i       the  folds  of  thi 

bzaid.    The  examination  should  be  particularly  searching  in  spring.    At  this 

wTe  from  th    1         .  .'"'^^'^^      P^^^^^'  P-t 

wake  from  the  dormant  condition  in  which  they  exist  during  the  winter.  Mattresses 

and  beds  should  then  be  carried  into  the  open  air  and  beat°en  well,  then  exposed  to 

1,  Z\  V        t        ?r  «^  *he  oints  and  cracks 

should  be  thoroughly  washed  with  chloride  of  lime,  and  insect-powder  should  be 
sprinkled  over  them. 

In  very  bad  cases,  where  insects  appear  to  have  made  a  home  in  a  bed,  both  bed 
and  mattress  must  be  taken  entirely  to  pieces,  then  placed  in  a  room  made  quite 
au'-tight,  and  subjected  to  the  fumes  of  burning  sulphur.  A  red-hot  brick  is  placed 
upon  a  tin,  put  into  the  middle  of  the  room.  A  little  sulphur  is  laid  upon  the 
heated  part  The  operator  then  goes  from  the  room  as  quickly  as  possible,  closes 
the  door  tightly,  and  leaves  it  for  a  couple  of  hours.  At  the  end  of  the  time  the 
windows  may  be  opened,  and  the  business  may  be  regarded  as  complete.  It  is  in 
this  way  that  furniture-brokers  deal  with  articles  of  furniture  supposed  to  be 
infested  with  insects. 

Sometimes  it  happens  that  bugs  get  into  walls  and  cupboards,  and  then  they 
are  very  difficult  to  dislodge.  A  constant  look-out  for  them  must  be  kept  up,  and 
if  this  IS  not  sufficient,  the  room  must  be  subjected  to  the  action  of  sulphur  fumes, 
as  the  beds  and  mattresses  were.  A  very  effectual  means  of  getting  rid  of  these 
nuisances  is  to  oil-paint  the  walls. 

After  a  bed  has  undergone  the  weekly  examination,  the  blankets  should  be 
shaken,  the  bed  made,  the  curtains  (if  there  be  any)  and  the  vallances  pinned  up, 
and  the  bed  and  chamber-ware  covered  with  a  dust-sheet.  The  blinds  should  then 
be  drawn  up,  the  windows  closed,  to  prevent  the  dust  flying  about,  the  dresses, 
ornaments,  and  all  small  articles  put  away,  the  drawers  and  cupboards  shut  closely, 
and  toilet-covers,  &c.,  shaken  and  folded.  The  hearth-rug  also  should  be  taken  up 
and  carried  out  of  doors,  where  it  may  be  beaten  with  a  thin  stick  before  it  is  laid 
down  again.  Carpet-beaters  are  also  sold  for  purposes  of  this  sort.  They  operate 
upon  a  much  larger  surface  than  a  stick  could  possibly  do. 

"When  the  room  is  thus  prepared,  the  range  and  fire-irons  should  be  cleaned. 
Before  this  is  done,  however- — and,  indeed,  before  a  fire  is  done  up  at  any  time — care 
should  be  taken  to  lay  in  the  front  of  the  hearth  a  piece  of  coarse  canvas,  or 
drugget,  kept  for  the  purpose,  and  intended  to  preserve  the  carpet  from  contact  with 
black-lead  brushes  and  fire-irons.  The  fender  and  fire-irons  also  must  be  lifted 
away,  and  the  hearth  swept  thoroughly.  The  ashes,  if  there  be  any,  should  be 
raked  out  of  the  corners  and  put  into  a  scuttle,  to  be  afterwai-ds  sifted,  when  the 
cinders  may  be  burnt  and  the  dust  thrown  away.  A  long  sweep's  brush  should  also 
be  put  up  the  chimney,  as  far  as  the  hand  can  reach,  to  sweep  away  the  loose  soot. 
It  is  important  that  the  flue  should  be  left  open  for  the  purpose  of  ventilating  the 
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1,  and  if  the  chimney  is  thus  swept  regularly,  the  hearth  may  be  kept  tidy,  even 

in  windy  weather.  , 

Black-lead,  moistened  with  water,  should  now  be  put  lightly  on  the  range  by 
means  of  the  small  round  brush  kept  for  the  purpose.  Very  little  black-lead  should 
be  put  on  at  one  time,  for  the  polish  is  to  be  obtained  by  brisk  rubbing  rather  than 
by  a  large  quantity  of  black-lead.  When  a  range  is  in  good  condition,  the  constant 
employment  of  wet  black-lead  may  be  avoided,  and  it  may  be  polished  by  being 
brushed  briskly  with  a  brush  upon  which  a  cake  of  dry  black-lead  has  been  rubbed. 
If  wet  black-lead  is  used,  it  should  be  polished  hefore  it  is  dry,  not  afterwards.  An 
idea  is  prevalent,  that  black  polishes  such  as  blacking  and  black-lead  should  be 
allowed  to  dry  before  being  brushed.  This  is  a  mistake.  It  is  less  labour  to  polish 
when  dry,  a  better  effect  is  produced  by  polishing  instantly. 

Tea-leaves,  which  have  been  washed  and  drained,  should  now  be  sprinkled  over 
the  carpet,  and  the  latter  should  be  well  swept  with  a  good,  hard,  short  brush,  the 
sweeper  going  down  on  her  knees  to  her  work,  and  being  careful  to  remove  dust 
from  under  the  bed,  and  to  move  out  all  furniture  which  can  be  moved.  She  should 
begin  at  the  far  end  of  the  room,  and  sweep  towards  the  door ;  and,  as  soon  as  the 
dust  is  collected  in  one  place,  she  should  take  it  up  in  the  dust-pan  and  carry  it 
straight  away,  not  leave  it  to  be  knocked  over  by  the  first  passer,  and  trodden  about 
the  room  again.  The  carpet  will  look  much  brighter  if  it  is  rubbed  all  over  with  a 
damp  but  not  wet  cloth  after  being  swept.  It  should  be  remembered  that  unwashed 
tea-leaves  are  likely  to  stain  the  carpet  instead  of  brightening  it.  Also  that  ex- 
perienced housemaids  are  careful  to  tie  a  handkerchief  over  their  heads  while  sweep- 
ing, in  order  to  preserve  their  hair  from  dust  which  may  settle  on  it. 

Dust  must  be  allowed  to  settle  before  an  attempt  is  made  to  remove  it.  "When 
it  is  ready,  however,  the  housemaid  should  begin  at  the  far  end  of  the  room,  and 
go  all  round,  carefully  taking  up  the  dust  as  she  goes,  according  to  Miss 
Nightingale's  directions,  not  flapping  it  off  to  let  it  settle  in  another  place.  She 
must  carefully  mount  up  and  dust  shelves  and  ledges  above  her  head ;  the  framework 
of  the  doors  and  windows  must  also  receive  attention  from  her.  If  the  I'oom 
is  furnished  with  a  Venetian  blind,  the  housemaid  should  get  the  house-steps, 
mount  them,  and  dust  every  lath  separately  on  both  sides,  pulling  the  cloth  under 
the  tapes  and  round  the  cords.  Some  housemaids  let  the  blind  down,  then  take  a 
clean  broom,  and  sweep  down  the  blinds.  By  this  means  they  break  the  tapes,  besides 
leaving  a  line  of  dust  at  the  back  of  the  laths  where  the  broom  does  not  reach. 
Venetian  blinds  dusted  regularly  and  carefully  will  last  twice  as  long  as  they  will 
when  brushed  down  with  a  broom. 

Of  course,  the  chamber-ware  must  be  well  washed  in  warm  soap  and  water,  and 
dried  with  a  soft  towel.  The  water-bottle  should  be  taken  downstairs  and  washed. 
A  handful  of  salt  and  a  little  vinegar,  or  a  spoonful  of  turpentine  with  water,  and 
a  brush,  may  be  employed.  The  bottle  may  then  be  diied,  polished  with  a  leather, 
filled  with  filtered  water,  and  taken  back  again. 

Gas  Globes  and  Brackets  are  frequently  omitted  in  cleaning  a  room.  The  bracket 
should  be  dusted  daily,  and  when  dirty  should  (if  made  of  bronze  or  lacquered  brass) 
be  washed  with  soap  and  water,  the  green  greasy  part  near  the  burner  being  rubbed 
with  a  rag  dipped  in  equal  parts  of  stale  beer  and  vinegar.  Globes  should  be  washed 
weU  every  week  with  luke-warm  water,  soap,  and  soda.    They  should  drain  weU  till 
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almost  dry,  then  be  dried  with  a  cloth  and  polished  with  a  leather.  China  ornaments 
of  all  kinds  belonging  to  the  bed-room  may  be  washed  in  the  same  way  the 
ornamental  parts  being  brushed  with  an  old  naU-brush.  A  brush  should  be  specially 
kept  for  this  purpose,  or  careless  housemaids  will  be  sure  to  use  the  one  which  is  in 
the  brush-tray.  When  the  carpet  does  not  cover  the  room  entirely,  the  boards 
under  the  bed  should  be  wiped  with  a  damp  cloth,  which  may  be  used  also  for 
wiping  the  carpet  occasionally. 

Bed-room  Windows  should  be  cleaned  on  a  certain  day  every  fortnight.  A  time 
must  be  chosen  when  the  sun  is  not  on  them,  otherwise  they  will  be  shaded  when 
cUy.  They  should  be  rubbed  with  a  leather  wrung  tightly  out  of  clean  cold  water 
then  polished  with  a  soft  dry  cloth.  Every  time  the  windows  are  cleaned  the 
wnidow-sill  should  be  washed  weU  with  flannel  and  soap  and  water.  Looking- 
glasses  should  be  cleaned  with  a  sponge  dipped  in  spirits  of  wine  and  polished  with 
a  leather,  or  witli  a  soft  cloth  dipped  in  powdered  blue. 

Polished  furniture  needs  to  be  attended  to  regularly,  if  it  is  to  be  kept  in  good 
condition.  A  good  furniture-cream  may  be  procured  by  boiling  2  oz.  of  soft  soap 
with  1  oz.  of  pearlash,  8  oz.  of  bees'-wax,  and  two  quarts  of  water,  till  the 
ingredients  are  melted  and  mixed.  The  cream  should  not  be  used  till  cold.  Care 
should  be  taken  to  use  a  small  quantity  only  of  furniture-polish.  Elbow-grease  is 
needed  more  than  polishing-paste  to  brighten  furniture,  and  the  latter  should  do 
no  more  than  furnish  an  excuse  for  a  liberal  application  of  the  former.  A  great 
deal  may  be  done  in  the  way  of  keeping  furniture  bright  by  acquiring  a  habit  of 
giving  it  a  good  rub  every  time  it  is  dusted.  Many  good  housekeepers  object  to  use 
furniture-cream.  They  prefer  to  wash  the  furniture  t^vice  a  year  with  cold  tea,  or 
weak  vinegar  and  water,  and  to  rub  it  well  once  a  week  with  a  damp  leather  and 
soft  cloth. 

Baths  should  be  cleaned  once  a  fortnight.  They  are  apt  to  become  dark- 
coloured  inside  with  use.  This  discoloration  may  be  removed  by  rubbing  the  part 
with  a  wet  flannel  dipped  in  salt. 

Sponges  should  be  squeezed  as  dry  as  possible  each  time  they  are  used.  Unless 
care  be  taken  with  them,  and  especially  if  soap  be  used  for  them,  they  are  apt  to  get 
slimy.  If  this  condition  should  be  reached,  the  sponge  should  be  laid  for  several 
hours  in  strong  soda-water,  which  soda-water  should  be  changed  fz'equently,  the 
sponge  at  the  same  time  being  pressed  and  squeezed  in  the  centre.  If,  after  being 
thus  cleansed,  the  sponge  is  laid  for  some  hours  in  a  mixture  made  of  one  glassful  of 
muriatic  acid  and  three  pints  of  water,  it  will  be  almost  as  good  as  new.  Sponges 
are  better  for  being  dried  in  the  sun  after  use. 

Combs  and  Brushes  should  be  cleansed  together  on  a  certain  day  in  each  week. 
Brushes  may  without  injury  be  washed  in  warm  soda  and  water,  if  care  be  taken 
to  prevent  the  water  touching  the  back  of  the  brush.  They  should  not  be  rubbed, 
but  should  be  dabbed  up  and  down  in  the  water,  being  held  by  the  handle  till 
perfectly  clean,  rinsed  thoroughly,  and  two  or  three  times,  in  plenty  of  cold  water, 
then  laid  in  the  open  air  or  away  from  the  fii-e  to  dry.  Where  soda  is  objected  to, 
a  little  carbonate  of  ammonia  or  boi'ax  dissolved  in  water  may  be  used  instead.  If 
brushes  are  washed  constantly,  combs  need  not  be  washed  at  all,  and  will  never 
require  it.  Water  takes  the  polish  ofi"  the  comb,  warps  the  material,  and  makes  the 
teeth  split.    Combs  can  be  cleansed  perfectly  by  being  brushed  well,  either  Avith  au 
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o-;:;;;;;;:;;;;;;::^^  p-^--  ■'p-'^ 

or  violet-powder  has  been  sprinkled.  finished,  the  blind 

When  all  these  points  have  been  attended  to  ^^^^  ^^^^J^^^       ^^J^  be  filled, 
should  be  let  down  one-third  of  the  way  and  put  straight,  the  jugs 

and  the  door  closed.  j  i    :„  „,ifnTYiTi  bpd-rooms  will  require 

M  the  ti,.e  of  the  spring  — .^^  al^  ^^^^^^^l^.  cleaned  in  the 
further  attention  A"^"  P^^r^  Ao  Ud  te  en,ptied  and  serul,bcd  ont,  then 
room,  then  carried  out  of  it,  dialers  P  framework  behind 

lined  with  clean  papers,  and,  ^^jJ^JXards  lukl  li  emptied  and  cleaned; 
the  drawers  should  ^''lll^^Z.Jt.Tt: ^Zs  cleaned;  ornaments  washed, 
r  met:ve;;hlng  h^^^^^  moved  has  bei  taken  out  of  the  apartment  the 
trnit^  wMchVemaLs  should  be  covered  entirely,  and  the  ""--i'  ^-^^^ 
fwept;  the  soot  should  be  cleared  away,  and  the  room  swept 

mar  then  be  whitewashed,  and  tho  room  papered  and  painted  ll  this  work  is 
rsider^d  tirable.    (It  has  already  been  said  that  beds  must  be  taken  to  pieces 

at  the  time  of  the  spring  cleaning.)  u^ff^^ 

It  is  very  des  rable  that  ceilings  '  should  be  whitewashed,  or,  better  still 
A   Znuently  every  year  if  possible.     This  will  be  by  many  considered 

^He  b'ed.rooms  are  concerned.  When  professional 
rHtewaZ's  are  engaged,  the  business  is  both  troublesome  and  expensive,  and 
horekeepe^  usually  deler  it  as  long  as  possible.  Yet  nothing  tends  -rejo  make 
Troom  sweet  than  fresh  clean  ceilings.  The  impure  air  m  a  room  rises  to  the 
surface,  and  the  ceiling  deteriorates  in  condition  more  quickly  than  any  other  part 

Whitewashing,  as  ordinarily  executed,  is  not  to  be  recommended  from  a  health 
i)oint  of  view.  The  method  generally  adopted  with  regard  to  it  is  to  dissolve 
whiting  in  water,  to  make  a  liquid  of  the  consistency  of  cream.  To  this  prepara- 
tion a  small  portion  of  melted  size  or  glue  is  added  to  fix  the  material  and  to  keep 
it  from  falling  off.  It  is  this  size  which  is  objectionable.  Size  is  made  from  the  bones 
■and  skins  of  animals,  and,  like  all  organic  matter,  it  is  certain  to  decompose  with 
*ime,  thus  rendering  the  atmosphere  impure.  When  whitewash  is  used,  the  ceilings 
■should  be  well  washed  in  the  first  instance  with  clean  water  to  remove  the  dirt,  and 
the  preparation  should  be  put  on  lightly  and  evenly  with  a  broad,  flat  brush, 
worked  in  straight  lines. 

Papered  or  glazed  ceilings  are,  however,  to  be  preferred  to  whitewash.  Glazed 
and  painted  surfaces  do  not  absorb  dirt  as  do  unglazed  ones,  and  they  can  be 
washed  when  necessary  with  soap  and  water.  The  same  remarks  apply  to  walls. 
These  are  never  so  pure  as  when  oil-painted.  Next  to  painting,  papering  is  to  be 
recommended. 

When,  as  is  usually  the  case,  walls  are  papered,  they  must  receive  special 
attention  at  the  time  of  the  spring  cleaning.  The  best  thing  that  can  be  done  when 
neither  whitewashing,  limewashing,  nor  papering  are  considered  necessary,  is 
-to  take  a  long  broom,  fasten  a  duster  securely  on  it,  and  dust  both  ceiling  and 
wails  thoroughly,  going  well  into  the  corners,  and  taking  off  all  loose  dust.  A  stifl; 
■and  quite  dry  dough  of  coarse  flour  and  water  should  now  be  made,  the  cleaner 
should  mount  the  steps  and  rub  the  wall  all  over  with  the  dough,  downwards  only, 
not  upwards,  and  taking  about  half  a  yard  at  a  stroke.    After  going  once  round 
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the  room,  he  should  begin  again  a  little  above  wliere  the  last  b'n.      i  ^ 
repeat  untU  the  entire  surface  has  been  gone  over.    The  1^^^^^^  f^'l' 
dirtj,  look  almost  as  fresh  as  when  new.  ^  ^  ""^^  ^^'^ 

When  it  is  determined  to  re-paper  a  room,  the  old  paper  should  be  stripped  off 
mti^ly  before  operations  are  commenced.  Thus  only  will  the  work  be  effLSylne 

Grease-marks  may  occasionaUy,  but  not  always,  be  removed  froT^rw! 
by  laying  a  Httle  moist  fuller's  earth  on  the  spot  and  lea  "n^rtin  ^  Tn  TT" 
itoff  w^l.  a  brush.  When  this  plan  is  not^ffectual,  ^ p^p^;;'!!^^^^^ 
torn  off  the  wall  and  replaced  by  a  new  piece,  care  being  taken  to  match  ti  e  pattern 
and  Imes  When  a  room  is  newly  papered,  a  portion  of  paper  should  alw^s  b  Z 
away  to  be  used  on  occasions  of  this  kind.  ^  ^ 

When  waUs  and  ceilings  have  been  dealt  with,  the  paint  is  the  next  point  to  be 
considered  -  cleanmg  a  room.     Paint  needs  very  careful  washing.  \t  sZm 
not  be  scrubbed,  but  first   dusted,  then   thoroughly  washed  all  Ver  with  a 
soft  flannel,  soap  and  water,  and  dried  and  polished  with  a  leather.    If  varnished 
cold  water  only  should  be  used,  although,  if  unvarnished,  luke-warm  water  and  a  very 

If  too  wet  the  drippings  will  run  down  and  leave  their  mark  on  the  paint.  A  small 
portion  should  be  taken  at  one  time,  and  this  should  be  rubbed  gently  and  patiently 
backwards  and  forwards  with  the  flannel  until  clean,  when  it  should  be  rinsed  clean 
and  dried  when  the  next  portion  may  be  proceeded  with.  If  this  simple  method  is 
adopted,  the  paint  will  be  quite  clean,  and  need  not  be  injured  at  all.  It  is  so 
obvious  that  It  appears  like  waste  of  words  to  describe  it,  and  jet  it  needs  an 
experienced  person  to  wash  paint  properly.  Inexperienced  persons  make  lai-^e 
preparations.  They  get  hot  water  with  soap  and  soda,  operate  energetically  on  a 
large  surface  at  once,  and  splash  away,  and  at  the  end  of  aU  are  sure  to  spoil  either 
paper  or  paint. 

Particular  care  is  necessary  in  washing  wainscoats,  for  careless  cleaners  often  go 
above  the  paint  and  touch  the  paper  with  the  flannel,  and  this  quite  spoils  the  look 
of  a  room.  Window-frames  and  mouldings  in  painted  woodwork  should  be  very 
carefully  washed,  because  it  is  in  places  of  this  kind  that  insects  lay  their  eggs, 
which  washing  will  destroy.  The  reason  why  so  many  houses  are  besieged  by  flfes' 
IS  frequently  to  be  found  in  the  fact  that  the  paint  was  not  washed  properly  in  the 
early  spring.  The  paint  in  a  house  should  be  washed  at  least  twice  a  year.  Dark 
paints  are  now  a  good  deal  used  for  rooms,  and  it  must  be  remembered  that  they 
become  as  dirty  as  light  paints  in  the  same  space  of  time,  although  they  do  not  show 
the  dii-t  so  much. 

The  Moor  is  the  next  consideration.  If  this  is  stained  and  varnished  it  will  need 
only  to  be  washed  over  with  cold  water  (to  remove  stains,  &c.),  then  rubbed  with 
bees'-wax,  and  polished  with  a  furniture-brush.  When  it  is  necessary  to  renew  the 
polish  of  the  floor,  a  mixture  of  copal  varnish  and  Brunswick  black  may  be  employed. 
The  proportions  used  must,  of  course,  depend  upon  the  depth  of  colour  desired.  The 
deeper  the  colour,  the  more  Brunswick  black.  If  the  mixture  should  appear  too 
thick,  a  little  turpentine  may  be  put  with  it  to  thin  it.  If  the  floor  is  not  stained,  it 
must  be  scrubbed.  The  cleaner  should  begin  at  the  far  end  of  the  room,  taking  a 
position  from  which  she  can  work  up  and  down  the  boards,  but  never  across  the  grain. 
She  should  first  wash  a  little  piece  of  flooring,  as  much  as  her  hand  can  reach  easily 
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with  flannel  and  warm  water,  then  rub  soft  soap  on  her  brush,  sprinkle  a  little  coarse 
sand  on  the  boards,  and  scrub  until  the  boards  are  quite  clean.  However  vigorously 
she  may  have  worked,  she  will  so  far  have  done  nothing  but  remove  the  surface 
dirt,  and  loosened  the  fixed  dirt.  If  she  were  to  let  the  floor  dry  now  it  would  be 
as  dirty  as  ever;  she  must  rinse  it  well  to  take  up  the  dirt  which  has  been  loosened 
by  scrubbing ;  rinsing  is,  therefore,  almost  more  important  than  scrubbing.  After 
rinsing  two  or  three  times,  she  should  rub  the  floor  dry  with  a  cloth,  and  proceed  to 
the  next  portion.  It  has  been  already  said  that  the  chandelier  should  be  cleaned 
with  beer  and  vinegar.    The  globes  also  should  be  washed  as  already  directed. 

A  carpet  is  a  wonderful  preserver  of  dirt  and  dust.  Let  any  one  who  doubts 
this  have  a  large  carpet  (of  the  kind  usually  taken  up  once  a  year)  shaken 
and  beaten  by  a  most'  competent  person  and  laid  down  again,  then  at  once  swept 
with  a  broom.  It  will  be  found  that  the  dust  flies  and  can  be  swept  up  still.  There 
would  be  much  less  dirt  in  our  homes  than  there  is  now  if  carpets  could  be 
altogether  dispensed  with.  Miss  Nightingale  says: — "A  dirty  carpet  literally 
infects  the  room.  And  if  you  consider  the  enormous  quantity  of  organic  matter 
from  the  feet  of  people  coming  in,  which  must  saturate  it,  this  is  by  no  means 
surprising."  It  would  be  well  if  where  carpets  are  used  they  could  be  taken 
up  three  times  a  year  instead  of  once,  but  few  housekeepers  would  care  to  have 
this  trouble.  "When  a  carpet  is  taken  up,  it  should  be  beaten  with  sticks, 
then  shaken  sjid  beaten  and  shaken  again,  until  no  more  dust  comes  from 
it.  It  should  then  be  dragged  upon  grass  several  times,  backwards  and  forwards, 
to  freshen  it  and  brighten  the  colours,  and  when  all  this  is  done  it  may  be  laid  down 
again.  As  already  said,  if  it  is  at  once  swept  with  tea-leaves  a  little  dust  may  be 
taken  from  it. 

When  very  dirty,  a  carpet  should  either  be  sent  to  the  cleaner's  or  washed 
with  bullock's  gall,  to  be  obtained  of  the  biitcher.  It  should  first  be  shaken  and 
beaten  well,  and  stretched  and  fastened  down  in  its  place.  A  mixture  should  then 
be  made  of  three  parts  of  cold  water  to  one  part  of  bullock's  gall,  and  the  carpet 
should  be  washed  with  this  and  a  clean  flannel,  brushed  with  a  soft  brush  and 
rubbed  agaia  with  the  flannel,  then  left  to  dry  while  down.  Bullock's  gall  cleans 
carpets  very  well,  but  they  quickly  become  dirty  agaia  after  it  has  been  used.  Ink- 
stains  can  usually  be  entirely  removed  if  attended  to  immediately.  The  ink  should 
be  taken  up  with  a  spoon,  and  blotting-paper  pressed  upon  the  part  until  no  more 
ink  can  be  absorbed.  The  place  may  then  be  washed  if  necessary.  Old  ink-stains 
are  not  easily  removed.  Occasionally  they  will  yield  on  the  application  of  salts  of 
sorrel  to  the  spot,  which  has  been  previously  moistened.  The  salts  must  be  washed 
ofi"  as  quickly  as  possible. 

While  the  floor  is  drying  the  windows  may  be  cleaned.  It  is  to  be  expected  that 
they  wUl  be  particularly  dirty,  being  marked  with  soap  and  water  used  in  washing 
the  window-frames.  If  the  room  has  been  painted  and  the  window-panes  have 
been  inadvertently  splashed  with  paint,  these  splashes  may  generally  be  removed  with 
strong  soda  and  water,  or  they  may  be  scratched  off  with  the  edge  of  a  penny. 

The  mantelshelf  will  be  washed  at  the  same  time  as  the  paint.     If  it  is  of 
marble  and  is  in  good  condition  there  can  be  nothing  better  for  it  than  soap  and 
water.    If  very  dirty,  a  stiff  paste  may  be  made  with  soft  soap,  caustic  potash  lye, 
and  whiting.    This  should  be  spread  upon  the  marble  and  allowed  to  remain  for  a 
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while,  then  taken  off,  when  the  marble  can  be  washed  with  soap  and  water.  If  little 
l)ieces  ai-e  chipped  off  marble  they  may  be  mended  with  plaster  of  Paris,  moistened 
with  water  to  make  a  stiff' paste.  The  preparation  must  be  used  quickly,  for  it  will 
speedily  harden.  Care  should  be  taken  to  avoid  stains  on  marble,  as  these  are  not 
easily  removed. 

The  furniture  of  the  room  may  now  be  brought  back  to  its  place  and  polished. 
Pictures  may  be  hung  again,  and  ornaments  restored  to  their  places.  It  is  supposed 
that  at  the  time  of  the  spring  cleaning  light  summer  curtains  wiU  take  the  place  of 
the  heavy  ones  which  are  suited  for  winter.  Putting  appearance  on  one  side 
altogether,  it  is  a  mistake,  from  any  economical  standpoint,  to  keep  heavy  curtains 
up  during  the  summer.  They  are  more  costly  than  summer  ones,  and  they  last  more 
than  twice  as  long  if  taken  down  as  soon  as  the  sun's  rays  begin  to  be  powerful, 
brushed  thoroughly,  and  laid  away  with  dry  bran  sprinkled  between  the  folds. 
With  regard  both  to  carpets  and  curtains,  it  will  be  found  that  there  is  no  greater 
destroyer  of  fabric  than  dirt.  Articles  which  are  kept  clean  and  free  from  dust  wear 
longer  as  well  as  look  better. 

Sitting-rooms,  dra^ving-rooms,  dining-rooms,  and  parlours  should  undergo 
very  much  the  same  treatment  as  bed-rooms.  In  both  cases  curtains  and 
ornaments  should  be  cleaned  and  put  away,  the  chimney  swept,  the  ceiling  white- 
washed, the  walls  cleaned,  paint  washed,  floors  scrubbed,  chandeliers  polished,  and 
blinds  looked  after. 

Vemttan  Blinds  should,  unless  they  have  been  recently  painted,  be  washed  with 
cold  water  and  soap  at  the  time  of  the  spring  cleaning.  The  tape  which  is  fastened 
under  the  lowest  lath  should  be  loosened,  and  the  knot  found  under  it  should  be 
unfastened;  the  cord  can  then  be  drawn  up  and  the  laths  slipped  out  one  by  one, 
washed  thoroughly  and  separately,  and  polished  with  a  leather.  If  liked,  the  tapes 
also  can  be  washed  and  ironed,  but  it  will  be  found  that  this  is  rather  troublesome 
work  for  inexperienced  hands.  When  slijjping  the  latlis  in  again,  care  should  be 
taken  to  put  the  narrow  tapes  first  on  one  side  of  the  cord  and  then  on  the  other, 
or  the  blind  will  not  hang  properly. 

Stuffed  Seats  of  Chairs  or  Ottomans,  Sofa  Pillows,  and  Footstools  should  be 
thoroughly  beaten  to  get  the  dust  from  them  at  time  of  the  spring  cleaning.  They 
may  be  beaten  with  a  cane,  or  better  still  by  a  beater,  and  care  must  be  taken  not 
to  split  the  fabric  when  doing  the  business. 

Boohs  are  very  troublesome  articles  for  holding  dust,  and  if  not  kept  clean  they 
will  be  spoilt,  for  dirt  is  a  dreadful  destroyer.  Where  there  are  a  great  many  books, 
it  is  often  found  convenient  to  clean  one  shelf  at  a  time,  continuing  the  business  as 
opportunity  occurs  until  all  are  done.  All  the  books  on  a  shelf  should  be  lifted 
down  and  beaten  first  singly  and  then  in  pairs,  and  afterwards  dusted  all  over.  The 
edges  of  the  leaves,  especially  at  the  top,  should  then  be  brushed  with  a  soft  clothes- 
brush.  The  shelves  should  be  washed  and  allowed  to  dry  thoroughly  before  the 
books  are  put  in  their  places  agaih,  otherwise  the  damp  wood  may  cause  tbem  to 
become  mouldy.  It  is  a  great  protection  where  books  are  not  kept  under  glass  to 
have  leather  nailed  upon  the  edges  of  the  shelves  to  keep  the  dust  from  the  tops  of 
the  books.  Dust-sheets  should  !ilways  be  put  over  books  while  a  room  is  being 
swept. 

Lamps.    The  excellence  of  the  light  obtained  from  lamps  depends  largely  upon 
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their  being  kept  perfectly  clean.  If  little  pieces  of  wick,  ends  of  lucifer-matclies, 
or  burnt  paper  fall  into  the  lamp,  and  especially  if  encrustations  are  allowed  to 
collect  inside  its  upper  portion,  the  light  is  sure  to  be  a  poor  one.  Moderator  lamps 
should  every  day  be  filled  with  oil.  The  wick  should  be  cut  evenly  with  a  pair  of 
scissors  kept  for  the  purpose,  and  the  lamp  itself  should  then  be  wiped  with  a  rag. 
The  inside  of  the  chimney  should  be  cleaned  with  a  stick  covered  with  wash-leather 
pads.  If  attended  to  thus  every  day,  the  chimney  will  never  need  to  be  washed, 
and  this  is  an  advantage,  as  it  cracks  easily  when  hot,  after  it  has  once  been  made 
wet.  The  globe  of  a  lamp  may  be  cleaned  like  a  gas-globe.  Wicks  are  more 
likely  to  burn  if  dried  in  the  oven  before  being  put  in.  It  is  important 
that  the  oil-can  should  be  kept  clean  as  well  as  the  lamp  itself,  otherwise 
the  purity  of  the  oil  and  consequently  the  efficiency  of  the  lamp  will  be  inter- 
fered with.  The  can  should  be  emptied  occasionally,  wiped  out  inside  with  a 
mop,  and  rinsed  well  with  strong  soda-water,  and  drained  till  dry.  The 
method  of  cleaning  the  outside  of  ornamental  lamps  must  vary  with  the  matei'ial 
to  be  dealt  with. 

Brass  may  be  cleaned  with  oil  and  rotten-stone,  or  with  oxalic  acid. 

Lacquered  Work  may  be  dusted  with  a  soft  cloth  and  washed  occasionally  with 
luke-warm  water,  soap,  and  flannel  j  in  order  to  prevent  smears,  dust  a  little  flour 
over  and  polish  with  a  cloth. 

Bronze  should  be  Mdped  with  a  cloth  or  dusted  with  a  soft  brush.  Articles  of 
this  description  should  not  be  touched  with  wet  cloths.  Bronze  lamps,  however,  are 
not  to  be  recommended,  because  the  oil  oozes  through  the  metal,  as  it  does  also 
through  glass. 

Gilt  Lamps  should  be  dusted,  and  washed  when  necessary  with  soap  and  luke- 
warm water  and  polished  with  a  leather. 

China  Lamps  may  be  washed  with  soap  and  water. 

The  stickiness  which  is  found  on  colza  lamps  is  best  removed  by  paraffin,  a 
most  valuable  cleansing-medium. 

Lamps  should  be  emptied  out  and  cleansed  occasionally.  When  this  is  done 
they  should  be  dried  before  being  refilled.  When  kerosene  is  used  the  lamps  will 
sometimes  smoke,  give  a  bad  light,  and  smell.  When  this  is  the  case  the  burners 
•should  be  put  into  an  old  saucepan  with  water,  and  a  table-spoonful  of  soda,  and 
boiled  for  half  an  hour,  then  wiped  dry. 

The  keys  of  a  piano  should  be  cleansed  thoroughly  and  frequently  with  a  damp 
but  not  over  wet  cloth  or  leather.  If  made  too  moist  the  pads  which  are  under  the 
keys  will  swell,  and  thus  make  the  keys  stick. 

To  clean  Ormolu  Ornaments. — As  a  rule,  ormolu  should  be  rubbed  with  a  dry 
leather  and  nothing  else.  When  it  begins  to  look  shabby  it  requires  the  attention 
of  the  manufacturer.  Sal  volatUe  is  sometimes  used  for  cleaning  it,  but  it  is  not 
satisfactory,  because  the  ornaments  tarnish  quickly  after  it  has  been  employed. 
Some  people  rub  the  ornaments  weU  with  whiting  moistened  with  gin,  brush  off 
with  a  very  soft  brush,  and  polish  with  a  leather.  Great  care  is  required  in  doin<r 
this.  * 

To  cleam,  Terra  Gotta.—  Brush  the  terra  cotta  with  a  good  soap  lather  and  a  soft 
brush,  rinse  in  cold  water,  and  dry  without  wiping. 
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To  remove  Grease  from  Silk  or  Stuf.—L&j  a  sheet  of  thick  soft  brown  paper 
over  the  spot,  pass  a  hot  iron  qiiickly  over  it,  and  lift  the  oaper  instantly.  The 
heat  will  melt  the  grease  and  draw  it  into  the  paperl 

To  remove  Paint-spots.—Ruh  quickly  from  the  circumference  to  the  centre,  first 
with  a  sponge  dipped  in  turpentine,  afterwards  with  a  soft  cloth. 

To  remove  Red  Ink-stains  from  Zwen.— Squeeze  the  juice  of  a  lemon  upon  the 
place  and  rinse  in  milk.  Ink,  wine,  and  many  other  stains  may  be  frequently 
removed  by  soaking  the  material  in  milk  and  rubbing  and  pressing  it  for  a  while. 
The  milk  may  be  renewed  two  or  three  times  if  necessary. 

Port  Wine  Stains  may  be  taken  out  with  Sherry.  Fruit-stains  will  usually 
disappear  if  the  spot  be  rubbed  with  a  weak  solution  of  ammonia. 

To  clean  Japanned  Trays,  etc.— Wash  with  soap  and  warm  water,  sprinkle  flour 
on,  and  polish. 

Pawner  MacM  Goods.— W&sk  with  cold  water  and  no  soap,  dredge  with  flour  and 
polish. 

Gold  Chains,  Earrings,  Ornaments,  c&c. — Cleanse  these  in  soap  and  water  with 
a  soft  tooth-brush.  Lay  them  while  wet  in  boxwood  sawdust,  leave  them  for  two 
or  three  hours,  and  they  will  come  out  dry  and  looking  like  new.  Boxwood  saw- 
dust can  be  procured  at  the  wood-engi-aver's.  If  it  cannot  be  obtained,  bran  may 
be  employed  instead,  but  it  will  not  answer  its  purpose  so  well. 

Silver  Ornaments. — Clean  with  a  paste  made  of  whiting  and  gin,  and  polish 
with  a  leather. 

Rust. — To  remove  rust  from  polished  iron  or  steel  i-ub  first  with  sweet  oil,  and 
in  a  couple  of  days  with  quick  lime  finely  pulverised ;  or  with  a  paste  made  of  fine 
emery  and  sweet  oil ;  or,  chemically,  with  a  mixture  of  polishers'  putty-powder  and 
a  little  oxalic  acid  applied  with  water.  When  the  last  is  used  all  trace  of  the  acid 
should  be  removed  b^  washing  the  article  in  water  and  drying  it  thoroughly  with  a 
warm  cloth.  Iron  or  steel  fenders  may  be  kept  from  rusting  by  preserving  them 
perfectly  from  damp.  Recently-polished  steel  may  be  kept  in  good  condition  for  a 
long  time  by  simply  rubbing  it  over '  very  frequently,  every  day  in  dry  weather, 
twice  a  day  in  damp  weather,  with  a  warm  dry  duster. 

Gilt  Frames  should  be  bi-ushed  only,  not  washed.  If  they  are  spotted  with  fly- 
marks  they  may  be  rubbed  gently  with  a  cloth  dipped  in  vinegar  and  water.  This 
spoils  the  gilt  less  than  plain  water,  or  soap  and  water.  If  they  become  tarnished 
they  may  be  brushed  over  with  Judson's  Gold  Paint. 

Steel  Ornaments. — Rub  with  a  paste  made  of  French  chalk  and  spirits  of  wine, 
and  brush  off  when  dry.  Steel  brooches  and  earrings  should  be  kept  in  a  box  filled 
with  arrowroot  to  prevent  rust. 

Moths. — All  woollen  goods  should  be  examined  and  aired  frequently  if  moths 
are- to  be  kept  away.  Strongly-scented  articles,  such  as  Russian  leather,  cedar-wood, 
or  tobacco-leaves,  should  always  be  placed  in  the  box  or  drawers  with  the  flannels  or 
furs,  in  order  to  prevent  the  ravages  of  these  destructive  insects.  If  moth  should 
get  into  the  carpet,  the  latter  should  be  taken  up,  beaten  and  examined,  and  any 
grubs  there  may  be  should  be  destroyed.  The  carpet  should  then  be  rubbed  on  the 
wrong  side  with  carbolic  soap,  and  Keating's  insect-powder  should  be  sprinkled  over 
the  parts  attacked.  If  moths  should  effect  a  lodgment  in  furniture  they  can  only 
be  got  rid  of  by  sending  the  articles  to  the  upholsterer's  to  be  stoved. 
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Water-closets  need  constant  attention.  Every  morning  the  housemaid  should 
pour  down  three  or  four  pailfuls  of  water;  she  should  also  hold  the  plug  up  as  high 
as  it  will  go  for  three  or  four  minutes,  and  clean  the  pan  with  the  round  brush  kept 
for  the  purpose.  If  through  neglect  of  this  necessary  work  a  deposit  should  have 
formed  on  the  lower  part  of  the  pan  it  must  be  scoured  thoroughly  with  a  mixture 
of  sand  and  salt.  Unless  tliis  is  done  the  deposit  will  become  fixed  on  the  vessel,  and 
this  will  be  very  disgraceful.  The  condition  of  the  water-closet  is  a  more  certain  sign 
of  the  character  of  a  housekeeper  than  is  any  other  part  of  the  house,  the  back- 
kitchen  and  larder  alone  excepted.  If  these  three  places  are  fresh,  clean,  aad  bright, 
there  need  not  be  much  question  about  the  rest  of  the  habitation.  The  handle  and  the 
plug  in  a  water-closet  are  often  made  of  brass.  They  should,  then,  be  polished  like 
the  handles  of  the  hall  doors  and  at  the  same  time.  It  is  a  good  plan  to  keep  either 
carbolic  powder  or  a  bottle  of  diluted  Condy's  fluid  in  the  water-closet,  and  to  use 
this  every  morning.  The  window  of  the  apartment  should,  however,  be  kept  open  all 
day  long,  for  fresh  air  is  worth  more  than  all  the  disinfectants  that  ever  were 
invented. 

KITCHEN   AND  OFFICES. 

The  kitchen  is  often  the  part  of  the  house  which  is  most  neglected  both  by 
buHders,  housekeepers,  and  servants;  and  it  is  frequently  found  that,  though  the  rest 
of  the  house  is  tastefully  and  elegantly  furnished,  the  kitchen  is  deficient  in  ventila- 
tion, arrangement  of  detail,  and  size.  This  is  unfortunate,  for  if  there  is  a  part  of 
the  house  which  needs  for  convenience,  health,  and  comfort  to  be  cleaned,  ventilated, 
and  cared  for  more  than  another,  it  is  the  room  where  large  fires  must  be  kept  up,  and 
where  the  work  of  preparing  food  is  carried  on.  The  air  of  a  kitchen  affects  the 
condition  and  health  not  only  of  the  people  who  live  in  it,  but  of  the  food  that  is 
cooked  in  it ;  and  we  cannot  expect  that  a  familj"-  can  be  supplied  with  wholesome 
nourishing  food  if  this  be  kept  in  a  dirty  larder  and  cooked  in  a  badly- ventilated, 
dirty  kitchen. 

Following  the  plan  already  adopted,  it  will  be  well  to  describe  the  daily  and  the 
periodical  work  of  a  kitchen  (so  far,  that  is,  as  cleaning  only  is  concerned). 

Open  ranges  are  a  fruitful  source  of  dust  and  dirt  in  a  kitchen.  They  are  now 
less  common  than  they  used  to  be,  and  have  been  largely  superseded  by  closed 
ranges  and  gas  stoves.  The  mode  of  cleaning  is  determined  by  the  construction  of 
a  range.  In  all  cases  where  there  has  been  a  fire,  the  first  thing  to  be  done  every 
morning  is  to  clean  out  of  the  range  all  ashes  and  cinders;  sift  these,  reserve  the 
cinders  for  use,  and  throw  the  dust  away.  As  much  of  the  soot  as  can  be  reached  in 
chimney  and  flues  should  then  be  swept  away  with  a  sweep's  brush  kept  for  the 
purpose,  and  when  this  is  done  the  range  may  be  black-leaded.  In  houses  where  one 
or  two  servants  only  are  kept  it  will,  perhaps,  be  deemed  sufficient  if  the  bars  and 
front  of  the  fire  only  are  black-leaded  every  day,  the  whole  of  the  range  being  dealt 
with  on  a  fixed  day  twice  a  week.  Where  there  are  several  servants,  the  range 
flues  should  be  swept  out  and  black-leaded,  and  the  oven  scraped  and  Avashed  every 
day.  The  process  of  black-leading  a  range  has  been  already  described  in  speaking  of 
the  work  in  a  bed-room.  The  method  is  the  same  in  a  kitchen  range,  the  difference 
being  that  there  are  flues,  and  drawers,  dampers,  and  various  arrangements  in  the 
latter  case  which  do  not  belong  to  the  former.   If  grease  is  spilt  upon  either  an  open 
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or  a  closed  range,  it  should  be  washed  clean  with  a  flannel,  hot  water,  and  soda,  and 
wped  dry  before  it  is  black-leaded. 

An  oven  needs  special  attention  in  cleaning,  because  liquid  food  cooked  in 
it  is  so  liable  to  flow  over  the  sides  of  the  vessel  containing  it,  and  to  burn  and 
soil  the  shelves.  An  oven  should  in  all  cases  be  swept  out  thoroughly  every  day. 
When  the  range  is  black-leaded  the  oven  shelves  should  be  scraped  with  an  old 
knife,  then  washed  in  vinegar  and  water.  This  helps  to  make  them  sweet  and 
fresh. 

Gas  stoves  should  (after  the  bars  have  been  lifted  out  and  rubbed  with  emery) 
be  washed  free  from  grease  and  dust  with  hot  soda-water,  and  dried  well.  After 
this  it  may  be  black-leaded  in  the  usual  way. 

Steel-work  in  a  range  should  be  cleaned  by  being  rubbed  with  emery-paper. 
Crocus-powder,  to  be  bought  of  any  chemist,  is,  perhaps,  the  best  thing  which 
can  be  employed  for  cleaning  steel.  A  very  small  quantity  should  be  mixed 
with  sweet  oil  and  laid  on,  to  be  rubbed  off  when  dry,  and  polished  with  a 
leather  and  a  little  dry  powder.  Brass-work,  such  as  boiler-taps,  knobs,  and  bolts, 
should  be  cleaned  with  polishing-paste  and  a  leather.  Oxalic  acid  (poison),  an 
ounce  to  a  pint  of  water,  is  very  good  for  cleaning  brass.  If  very  dirty  it  may 
be  rubbed  afterwards  with  crocus-powder.  All  brass  and  steel  work  in  a  kitchen 
should  be  kept  bright  and  shining.  The  general  aspect  of  the  place  depends  greatly 
upon  this  being  done. 

The  kitchen  hearth  should  be  washed  over  with  a  house -flannel  and  clear  water. 
The  cloth  should  then  be  wrung  out  of  the  water  agaui,  and  the  hearth  should  be 
whitened  with  a  flannel  dipped  in  whiting  moistened  with  a  little  milk  and  passed 
evenly  backwards  and  forwards,  until  the  surface  has  been  gone  over.  Whiting 
mixed  with  milk  does  not  come  off  so  easily  as  when  moistened  with  water. 

Kitchen  Fenders  and  Fire-irons  should  be  cleaned  with  emery-paper,  or  with  a 
flannel  dipped  in  warm  ash-dust. 

Boilers  should  be  washed  out  thoroughly  inside  every  week,  and  if  any  fur 
collects  on  the  side  it  should  be  scraped  off.  An  oyster-shell  may  be  kept  in  a 
boiler,  as  in  a  kettle,  to  prevent  fui". 

Kitchen  utensils  of  all  kinds — saucepans,  tins,  plates,  dishes,  knives  and  forks, 
spoons,  and  glass — should  be  cleaned  as  soon  as  possible  after  they  are  used,  because 
newly-made  dirt  comes  off  more  easily  than  dirt  which  has  had  time  to  dry  and 
become  hard.  Pans  which  cannot  be  cleaned  at  once  should  be  filled  with  cold 
water  until  they  can  be  attended  to.  It  should  always  be  remembered  that  plenty 
of  clean  water  is  essential  for  thorough  cleaning ;  a  small  quantity  of  water,  or  a 
continued  use  of  the  same  water  for  a  number  of  utensils,  increases  labour  and 
hinders  cleanliness. 

Soda  cannot  be  dispensed  with  in  removing  grease,  for  soda  has  an  aflfinity  for  grease, 
and  will  mix  with  it  whenever  it  comes  in  contact  with  it.  It  is  the  soda  contained 
in  soap  which  makes  soap  so  cleansing.  Nevertheless,  soap  should  not  be  used  for 
wooden  articles  which  have  to  be  used  for  food,  because  the  wood  sucks  in  the  soap, 
which  is  not  easily  eradicated,  while  it  is  not  agreeable  to  eat  food  which  contains  even 
a  suspicion  of  soap.  Metal  articles  may  be  cleansed  with  a  little  soap  if  necessary, 
because  the  soap  cannot  sink  into  the  metal.    It  may  be  useful,  however,  to  go 
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Still  further  into  details  ..ith  regard  to  the  xBcthod  of  cleansing  various  kitchen 

"*'colr  Pans -W.sh  the  pan  well  ii.side  and  out  with  hot  water  and  soda 
Mix  equal  quan  ities  of  Calais  sand  and  salt  in  a  plate.    Clean  the  xnsxde  oi  the 
Tan  fiTwitl  sand,  salt,  and  soap  until  all  stains  are  -^^f //X^fale  n^^^^^ 
water  and  dry  it.  Clean  the  outside  with  salt  and  sand,  and  if  there  are  any  stains 
Ip  :\  tmove  these  with  a  squeezed  lemon-skin  rubbed  with  soap  and  dipped 
in  sand  and  salt.    The  lids  of  saucepans  should  be  cleaned  like  the  saucepan 
themselves.    Kinse  and  dry  quickly.    The  outside  of  the  saucepan  should  be  thus 

cleaned  with  acid.  niooTi 
Iron  Fans  -Wash  the  saucepan  inside  and  out  with  soda  and  hot  water.  Clean 
the  inside  with  sand  by  means  either  of  a  flannel  or  a  mop,  or  bundle  of  twigs 
tied  tiffhtly  together  and  cut  straight.  Rinse  with  hot  water  and  dry  quickly. 
Lids  of  saucepans  should  also  be  washed  in  hot  water  and  soda,  and  rinsed  weU. 
Saucepans  should  never  be  put  away  covered;  they  should  be  placed  upside  down 
on  a  rail,  and  the  lids  should  be  hung  above  them  so  that  the  air  can  enter  freely 
If  covered  closely  they  wUl  get  fusty.  Saucepans  should  always  be  emptied 
as  soon  as  done  with,  and  filled  with  cold  water  until  they  can  be  cleaned.  _ 

Enamelled  Pans  may  be  cleaned  inside  and  out  with  hot  water  and  soda.  Stains 
from  the  enamel  may  be  removed  with  salt  and  sand. 

Tins  should  be  washed  clean  with  hot  water  and  soda.  To  brighten  tin  rub  first 
with  a  paste  of  whiting  and  water,  afterwards  with  dry  whiting.    Pohsh  with 

Kitchen  Dresser,  Tables,  and  Shelves.— Ml  articles  made  of  wood— pastry  and  bread 
boards,  ho.  &c.— should  be  washed  first  with  warm  water,  then  scrubbed  with  sand 
and  a  scrubbing-brush.  It  is  best  not  to  wash  anything  on  which  food  is  to  be 
placed  with  soap,  because  soap  sinks  into  the  wood,  and  may  afterwards  flavour  the 
food.  If  tables  are  very  greasy  and  dirty,  a  little  soda  may  be  used  in  washing 
them,  but  soda  tends  to  make  boards  look  black  instead  of  white. 

Plates,  Dishes,  e<c.— Have  ready  two  large  bowls  (tin  bowls  are  better  than 
wooden  ones  for  washing  dishes,  because  they  do  not  absorb  the  grease).  FUl  one 
of  these  with  hot  water,  with  plenty  of  soda  in  it ;  the  other  with  plain  cold  water. 
Scrape  the  plates,  wash  them  in  the  hot  water,  rinse  them  in  the  cold  water, 
and  place  them  in  the  plate  rack,  and  let  them  remain  till  dry.  Change  both  waters 
frequently. 

Gridirons  and  Frying-pans  should  be  cleansed  with  scrupulous  care.  They 
should  be  washed  with  hot  soda  and  water,  and  dried  thoroughly-  Gridirons  should 
be  rubbed  with  scouring-paper  after  being  washed. 

Cake-tins  and  Omelet-pans. — Scrape  them  out  thoroughly  as  soon  as  done  with, 
and  rub  them  well  inside  with  a  cloth  or  piece  of  paper  till  thoroughly  clean. 

Glass. — Wash  in  luke-warm  water,  in  which  a  little  soda  has  been  dissolved. 
Rinse  in  cold  water,  dry  with  a  cloth,  and  polish  with  a  leather.  When  glass  is  not 
in  use,  it  should  be  kept  upside  down. 

Cv/ps  and  Saucers. — Wash  in  hot  soda  and  water,  rinse  in  cold  water,  and  dry 
with  a  soft  cloth. 

Milk  jugs.  Feeding-bottles,  etc. — Fill  "vessels  which  have  held  milk  with  boiling 
water.   Let  it  stand  a  while,  then  empty  it,  and  wash  well  inside  and  out.  Animal 
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germs  found  in  milk  are  killed  hj  boiling  water,  but  they  grow  in  warm  water 
If  these  germs  remam  xn  the  vessels,  they  wiU  be  likely  to  cause  diarrhoea  in  those 
who  drmk  from  them. 

bn/^rf dirty  knives  with  a  dish-cloth,  put  them  into  a  iug  containing 

Si  te  b  "'^T/'  '  ''"'"^  ^^'^^  the  handled 

Shake  them  about  for  a  minute  or  two,  rinse  in  clean  water,  then  dry.    If  there  is 

no  lanfe-cleaner  at  hand  sprinkle  knife-powder  on  the  knife-board;  and  rub  the 
blades  of  the  Wes  qmckly  backwards  and  forwards  till  bright.  Wash  the  handle 
separately  with  a  cloth  wrung  out  of  warm  water,  and  wipe  them  dry.  Knives 
flavoured  with  onions  or  any  other  strong  flavour  should  be  stuck  into  the  earth 
lor  a  while. 

Forks  and  Spoons. --piace  these  also  in  a  jug  containing  warm  water  and  soda 
wash  and  wipe  dry.  Great  care  should  be  taken  in  wiping  forks  to  remove  the  dasl 
irom  between  the  prongs. 

_  A  Mincing-machine  should  be  cleaned  as  soon  as  done  with.  If  any  meat  is  left 
in  It,  this  will  decompose  and  spoil  the  next  meat  which  is  put  in.  A  mincin<^- 
machine  should  be  taken  to  pieces  entirely  when  cleaned,  wiped  out  with  a  damp 
clot]i,  and  dried  thoroughly. 

Dish-covers.— Wipe  the  inside  of  a  dish-cover  as  soon  as  done  with.  Clean  the 
outside  twice  a  week,  first  with  soap  and  water,  afterwards  with  whiting. 

Puclcling-clotlis,  Dish-cloths,  etc.— Wash,  cloths  of  this  kind  directiy  they  are 
done  with  in  hot  soda  and  water,  rinse  well  in  cold  water,  pull  out  and  dry  in 
the  open  air.  Let  pudding-cloths  hang  till  wanted  in  a  place  where  the  air  can  get 
to  them,  and  rinse  in  boiling  water  before  using  them  again. 

Cofee  Fans  and  Fettles.— Wash  inside  and  outside  with  hot  soda  and  water. 
Polish  the  outside  with  bath-brick. 

The  Kitchen  Sink  should  be  scrubbed  down  every  day  with  soft  soap  and  boiling 
water,  then  rinsed  with  cold  water.  The  edge  of  the  sink  should  b^  scoured  with 
hearth-stone,  and  the  tap  made  bright  with  polishing-paste  and  a  leather. 

Coppers  should  be  dried  out  thoroughly  after  being  used.  They  may  be  kept  in 
good  condition  for  a  long  time  if  the  flue  is  swept  out  with  a  long  sweep's  brush 
each  time  the  copper  fire  is  Lighted.  Chimney-sweeps  are  very  fond  of  taking  out 
the  copper,  .thus  causing  it  to  be  re-set ;  but  this  is  seldom  necessary  if  the  flue 
is  cleared  regularly  from  soot  by  means  of  a  sweep's  brush.  The  small  hearth  which 
opens  into  the  copper  fire  should  be  washed  and  whitened  every  day.  Many 
servants  sweep  the  daily  dust  of  the  kitchen  into  this  hole,  and  cai-ry  it  away  once 
or  twice  a  week,  but  this  is  a  dirty  practice. 

Cisterns  should  be  cleaned  out  every  three  months  at  least.  Plumbers  are 
usually  employed  to  do  work  of  this  kind,  and  they  should  be  well  looked  after, 
otherwise  they  will  clean  the  bottom  of  the  cistern  but  not  the  sides. 

Cleaning  Boots  and  Shoes. — The  dirt  should  be  thoroughly  brushed  ofi"  boots  and 
shoes  before  any  blacking  is  laid  on  them.  When  the  dirt  and  the  previous  layer  of 
blacking  is  removed,  the  blacking  may  be  laid  on  very  thinly,  and  polishecf. 
Sometimes,  careless  cleaners  do  not  thus  brush  the  dirt  away,  but  lay  the  blacking 
upon  it,  and  polish  over  it.  No  more  certain  method  can  be  adopted  of  spoiling 
good  boots. 
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'"^J^T'^nf  a  scullery  should  be  washed  every  day ;  twice  a  week  it  should 


hen  kitcnen  noors  aie  uiduo      kj^..^^^,  i    „^  ™+t,  fhp  instruc- 

mbbed  xvith  sand,  and  rinsed  ^eU  twice  a  week,  in  accordance         'he  mstruc 
tions  "iven  for  washing  bed-room  floors.    No  part  of  a  bouse  gets  so  easdy  into  bad 
raiUon  L  a  kitchen  floor.  In  this  particular  a  little  neglect  causes  a  great  deal  of 
tTnble  afterwards.    If  kitchen  floors  are  to  be  kept  white,  it  should  be  reinemb  d 


trouble  atterwaras.    ±i  Kii^uxiuix  ^-  --r  -  ,^ 

that  plenty  of  clean  water  must  be  used  in  washing  them,  and  that  they  must  be  weU 
LiasLu  as  scrubbed.  Kitchen  floors  marked  with  grease  -y  be  deW 
with  fuller's  earth  and  sand.  Stone  floors  are  frequently  washed  over  with  a  flannel 
dipped  in  milk  to  make  them  look  black.  ,    ,       ,  i 

Kitchen  Cupboards  should  be  tidied  every  day  and  cleaned  every  week,  the 
shelves  bein-  washed  down  and  covered  with  clean  paper,  and  the  walls  swept 
to  remove  cobwebs  and  dust.  All  jars  should  have  labels  pasted  on  the  front,  upon 
which  labels  the  names  of  the  contents  of  the  jars  should  be  clearly  written,  ihese 
iars  should  be  provided  with  lids  to  keep  out  the  dust.  Every  three  months  they 
should  be  emptied,  scalded,  wiped  dry,  and  re-filled.  On  the  inside  of  the  cupboard 
door  should  be  pasted  a  Ust  of  everything  which  the  cupboard  contains. 

Kitchen  Chimneys  should  be  swept  frequently.  An  invariable  rule  cannot  be 
laid  down,  because  so  much  depends  upon  the  construction  of  the  chimney.  The 
fact  that  the  chimney  has  been  swept  should  be  made  the  occasion  for  washing  the 
paint  and  sweeping  the  walls  in  the  kitchen. 

When  the  daily  work  is  over,  kitchen  windows  should  be  opened  to  ventilate  the 
place  and  dispel  unpleasant  smeUs.  The  windows  in  a  kitchen  should  be  cleaned 
every  week. 

Washing  Linen.— It  is,  perhaps,  desirable  that  a  word  or  two  should  be  said 
here  about  the  methods  to  be  adopted  in  washing  linen,  a  very  important  de- 
partment of  cleaning.  To  get  iqo  linen  is  ornamental,  to  wash  it  frequently  and 
thoroughly  is  indispensable  for  cleanliness.  In  modern  houses  it  is  becoming  more 
and  more  usual  to  send  linen  out  to  be  washed,  and  the  practice  is  objectionable, 
first,  because  too  little  care  is  taken  as  to  where  the  clothes  go,  so  that  there  is^a 
danger  of  their  being  sent  to  houses  were  infectious  disease  is  present,  in 
consequence  of  which  the .  mischief  spreads  without  let  or  hindrance ;  and 
secondly,  because  the  majority  of  laundresses  use  deleterious  compounds  in 
washing,  in  order  to  save  labour,  and  thus  the  fabric  is  destroyed.  It  has  been 
found  that  linen  washed  carefully  at  home  lasts  years  longer  than  that  which  has 
been  sent  out  to  wash.  Some  housekeepers  wash  a  portion  of  the  linen  at  home, 
and  send  out  the  remainder.  Where  this  can  be  done  without  inconvenience,  it  is 
an  advantage. 

A  good  deal  of  the  difiiculty  connected  with  washing  linen  would  be  overcome  if 
servants  could  realise  the  benefit  to  be  derived  from  soaking  dirty  linen  in  cold 
water  for  several  hours  before  attempting  to  wash  it.  Soaking  in  cold  water  does  foi* 
dirty  linen  what  soaking  in  cold  water  does  for  beef  which  has  to  be  made  into  soup 
or  beef-tea ;  it  draws  out,  in  the  one  case  what  is  objectionable,  namely,  dirt ;  in  the 
other  case  what  is  valuable,  namely,  the  juice  of  meat.  Linen  which  has  been 
soaked  for  some  hours,  then  wrung  out,  is  half  washed  before  washing  is  begun. 
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Yet  servants  will  not  believe  tins;  they  think  that  additional  trouble  is  entailed 
by  the  soaking  process,  and  so  they  begin  straight  away  to  soap  and  rub,  or  brush 
or  work  m  a  machine,  give  themselves  more  to  do,  and  spoH  the  colour  of  the  linen 

So  effectual  is  lengthened  soaking  in  drawing  out  dirt,  that  there  are  clever 
housekeepers  who  pride  themselves  on  their  achievements  in  the  laundry  who  mZ 
no  attempt  whatever  at  rubbing  the  linen  excepting  in  the  soiled  paits  tZI 
simply  soak  the  linen  for  several  hours,  draw  off  tie  dtrty  water  tap  anTrub  ^he 
soiled  portions,  put  the  linen  into  the  copper  with  plenty  of  cdd  water^o  wh  eh 
three  or  four  large  spoonfuls  of  soap  jeUy,  mixed  with  warm  water,  have  been 
added  brmg  It  gently  to  a  boil,  let  it  boH  for  twenty  minutes,  then  rinse  it,  and  it" 
ready  to  be  blued  and  dried.    It  will  be  remembered  that,  according  to  th  met  od 
usually  adopted,  all  white  things  are  washed  through  twice    or  "firsted"  and 
"seconded ; "  "  firsted  "  on  the  wrong  side,  and  "  seconded  "  on  the  ri^ht     The  soap 
jelly  spoken  of  here  is  made  by  shredding  soap  and  boiling  it  till  dissolved  in  four 
times  Its  bulk  of  water,  then  adding  a  small  quantity  of  soda  which  has  also  been 
dissolved.    Even  when  the  quick  method  is  not  adopted,  soaking  the  linen  is  a  most 
decided  means  of  saving  labour.    No  one  who  has  once  tried  it  would  be  so  foolish 
as  to  begin  to  wash  «  white  things  "  without  going  through  this  preliminary 
process.  =1  j 

Flannels  and  Coloured  Things  should  not  be  soaked.  They  should  be  washed 
quickly  m  a  good  lather  of  luke-warm  water,  and  dried  immediately  in  the  open  air 
No  soda  should  be  used  for  them.  Salt  put  into  the  water  used  for  washing 
coloured  things  will  help  to  preserve  the  colour.  The  water  in  which  a  few  ivy- 
leaves  have  been  boiled  may  be  used  for  rinsing  black  things,  a  little  alum  may  be 
added  for  greens  and  blues,  and  soda  for  violets. 

Blankets,  Woollen  Antimacassars,  etc.,  should  never  have  soap  rubbed  upon 
them.  Like  flannels,  they  should  be  washed  in  a  good  lather,  and  hung  out  to  dry 
at  once. 

Grease  in  Linen  may  be  removed  by  putting  plenty  of  soda  in  the  water  in 
which  the  linen  is  washed.  When  linen  is  not  greasy  the  use  of  soda,  except  in 
small  quantities,  is  objectionable,  as  it  spoils  the  colour.  A  little  borax  used 
instead  of  soda  for  "small  whites"  will  soften  water,  and  will  not  do  any  harm. 

Laces  and  Ihislins  should  be  soaked  in  water  in  which  a  pinch  of  borax  has 
been  placed.  They  should  not  be  rubbed,  but  should  be  dabbed  and  pressed  in  a 
good  lather  made  with  curd  soap.  If  very  dirty  they  may  be  put  into  a  basin  with 
cold  water  and  a  little  shred  soap,  covered  with  a  plate,  and  set  in  the  oven  for  a 
quarter  of  an  hour,  then  rinsed.  If  the  ecru  shade  is  required,  tea  or  coffee  may  be 
put  into  the  rinsing-water. 

Mack  Lace  may  be  washed  in  water  with  a  little  green  tea  or  ammonia. 

White  Silk  Stockings  should  be  washed  quickly  in  a  luke-warm  lather  of  curd  soap, 
and  dried  at  once.    For  Llack  Silk  Stockings  ammonia  may  be  added. 

Creiuel-vjork,  Washing-silks,  etc.  For  these  tie  a  quarter  of  a  pound  of  bran  in 
a  muslin  bag,  and  toss  this  in  luke-warm  water  till  there  is  a  lather ;  wash  out 
quickly,  and  dry  at  once  in  the  open  air  in  the  shade,  or  away  from  the  fire. 

Scorches  may  be  removed  if  attended  to  as  soon  as  made. ,  Apply  a  little  onion- 
juice  (obtained  by  crushing  a  boiled  onion)  and  mixing  >'ith  it  a  very  small 
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quantity  of  vinegar,  white  soap,  and  fuller's  earth. 

after  the  scorch  is  taken  out.  .  ,      „     v>^,r,^  the  i^lace  well  and 

Iro.^.mo^acl  n.ay  be  -adicated  with  salts  of   emon^^  D^^^^^^^ 
stretch  it  over  a  pe^vter  vessel,  and  work  m  a  little  of  the  salts,  rubbm 
round  tUl  the  stain  disappears.    Rinse  thoroughly  tdl  every  P^f      f      ^tl a 
gone.    All  stains  should  be  dealt  with  before  the  linen  IS  washed.    Soap  sets 

good  many  stains,  though  it  takes  out  a  few. 

^    ^..^Jo.  (7oc7cr.«cA..  frequently  infest  kitchen  and  ^"^^  "^^^ 

exceeding  objectionable.    Various  methods  are  adopted  to  get  nd  of  them, 
moTor  lei  effectual.    Amongst  others  the  following  are  to  -commended^ 

Have  the  holes,  chinks,  and  crannies  in  the  floor  and  wall  through  which  the 
beetles  make  their  way,  filled  up.    This  abne  will  do  much  to  P^^^^^^P^^^^^ 
'nuisance.    Place  beetle-traps  about  the  kitchen  at  night.    A  trap  for  the  purpose 
may  be  bought.    It  consists  of  a  wooden  box  with  sloping  ends,  and  a  glass  cup 
which  has  a  hole  in  the  bottom  fixed  in  the  centre.    A  little  sugar  is  sprinkled  at 
the  bottom  of  the  trap,  and  the  beetles  drop  into  the  cup  to  obtain  it,  and  are  caught. 
A  very  successful  trap  may  also  be  made  by  putting  a  little  stale  beer  or  a  little 
treacle  in  the  bottom  of  a  basin,  and  a  piece  of  wood  with  one  end  resting  on  the 
floor  and  the  other  on  the  edge  of  the  basin,  by  means  of  which  the  beetle  can  reach 
the  basin.    Once  in  it  cannot  get  out  again.    Or  a  piece  of  wood  smeared  with 
treacle  may  be  floated  in  a  broad  basin  of  water.    In  trying  to  reach  the  sweet  the 
beetle  wiU  be  drowned.     Various  poisons  in  the  shape  of  wafers,  pastes,  and 
powder  are  sold  for  kiUing  beetles,  or  borax  is  spread  in  the  places  which  they 
infest.     If  all  these  means  should  fail,  a  hedgehog  should  be  procured.     It  is 
almost  certain  to  frighten  the  beetles  away. 

Once  a  year  the  ceHings  and  waUs  of  a  kitchen  should  be  cleansed.  If  the  walls 
are  painted  or  papered  and  varnished,  they  will  have  to  be  washed  with  cold  water, 
soap,  and  flannel.  The  ceiling  also  must  then  be  newly  whitewashed.  If  walls  are 
coloured  in  distemper,  the  colouring  must  be  removed.  Distemper  colouring  is, 
however,  the  most  objectionable  covering  for  kitchen  walls  that  can  possibly 
be  employed.  It  is  cheap  to  begin  with,  and,  on  this  account,  it  is  very  commonly 
adopted  ;  but  it  is  dear  in  the  long  run,  because  it  requires  to  be  renewed  so 
frequently.  The  size  with  which  it  is  mixed,  and  which  is  often  of  the  commonest 
description,  renders  it  impure  and  unwholesome.  Sometimes  distemper  is  varnished, 
and  when  this  is  done,  it  is  not  so  objectionable. 

The  best  coating  for  kitchen  walls  is  oil-paint.  It  is  more  expensive  in  the  first 
instance,  though  really  the  amount  of  the  expense  is  determined  more  by  the  ideas 
of  the  painter  than  by  the  cost  of  his  work.  When  once  done,  however,  it  lasts  for 
years,  and  can  be  washed,  and  thus  rendered  fresh  and  sweet,  at  any  time. 

Larders,  Outhouses,  etc. — Whatever  may  be  the  opinion  as  to  the  advisability  of 
using  distemper  -  colouring  for  kitchen  walls,  there  is  no  question  about  its 
unsuitability  for  the  walls  of  larders,  wine-cellars,  &c.  These  (where  not  tiled)  should 
be  lime-washed,  and  the  lime-washing  should  be  renewed  at  least  once  a  year. 
Lime-washing  is,  at  any  rate,  pure  and  wholesome.  It  is  frequently  objected  to 
because  it  rubs  and  drops  off  after  a  while.  Unfortunately,  it  is  not  easy  to  mix 
lime  so  that  it  shall  not  rub  off  a  little.  The  plan  usually  adopted  is  to  slake  quick- 
lime in  water.   If  the  wash  were  used  in  this  condition,  it  would  be  sure  to  rub  off,. 
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or  there  would  be  nothing  to  fix  it.  Ske,  the  fixing-material  employed  in  mixin. 
whitewash  and  distemper  colours,  is  no  good  here,  because  the  corrosive  act  on 
of  the  lime  destroys  the  glue.  Boiled  linseed-oil,  tallow,  or  alum,  are  someZZ 
used  separately,  but  none  can  be  said  to  be  thoroughly  effective,  although  the  firs" 
named  IS  perhaps  the  best.  When  it  is  used,  water  should  be  p;ured  upon  Luv 
burned  ime  to  make  a  wash  of  the  consistency  of  thick  cream,  and  boHed  Wed- 
oil  should  aftenvards  be  added  in  the  proportion  of  a  pint  of  oil  to  a  paS  of 
hmewash.  In  this  case  a  brush  made  of  vegetable  fibres  should  be  used  because 
the  lime  would  destroy  a  brush  made  of  animal  bristles 

If  the  size  were  not  objectionable,  there  would  be  no  difficulty  in  mixin. 
ordinary  whitmg  with  size  to  make  a  wash  that  would  be  sure  not  to  rub  off  But 
size  IS  made  by  boiling  the  bones  and  skins  of  animals  to  extract  the  gelatine,  and 
as  we  shou  d  never  think  of  keeping  a  bag  of  old  bones,  or  the  skins  of  anima  s,  in 
a  larder  with  our  food,  so  we  ought  not  to  put  these  things  in  another  form  on  the 
walls  of  our  larder, 

to  bI^o^"1%;'  ^        f  ^^''^     trec^nentlj  neglected,  and  yet  it  ought 

o  be  looked  after  and  cleaned  with  most  scrupulous  care.    The  window  should  be 
left  open  whenever  the  weather  will  permit  of  its  being  so,  in  order  that  there  may 
be  a  good  draught  of  fresh  air  constantly  passing  through  the  place.    The  shelves 
should  be  tidied  every  day,  and  all  food  which  is  not  in  good  condition  should  be  at 
once  removed,  because  decay  in  one  thing  wHl  be  communicated  to  others.  Mouldy 
cheese,  rancid  butter,  sour  milk,  and  tainted  meat  should  never  be  kept  in  close 
proximity  to  other  food,  neither  should  strongly-flavoured  ingredients,  such  as 
bloaters  or  omons,  be  put  on  the  same  plate  with  butter  or  bread.   Dirty  plates  and 
du-ty  dishes  should  be  taken  out  as  soon  as  they  are  done  with ;  more  than  all 
jugs  and  bowls  which  have  contained  milk  or  cream  should  be  carried  away  as 
soon  as  they  are  empty.    Once  a  week,  and,  if  possible,  twice  a  week,  the  shelves 
of  the  larder  should  be  scrubbed  with  sand  and  warm  water,  and  the  floor  should  be 
scoured.    The  windows  also  should  be  kept  clean  and  bright.    Where  the  walls 
are  lined  with  tUes  these  should  be  washed  occasionally  with  carbolic  acid  and 
oold  water. 

Breadr^ans  should  be  wiped  out  with  a  damp  cloth  and  dried  every  day,  aU 
crumbs  and  stale  pieces  being  emptied  out.  Once  a  week  the  pan  should  be  scalded 
and  put  into  the  open  aii-  for  a  whHe.  The  Hd  should  be  washed  as  well  as  the  pan, 
and  the  latter  should  never  be  left  uncovered. 

A  good  deal  may  be  done  in  the  way  of  keeping  meat  sweet  by  taking  steps  to 
preserve  food  in  good  condition.  Thus,  meat  should  never  be  laid  on  a  plate,  but 
should  be  hung  in  a  draught  from  meat-hooks  fastened  into  the  ceiling ;  it  should  be 
examined  every  day,  and  wiped  with  a  clean  cloth.  Milk  should  be  boiled  before 
it  has  time  to  turn  sour,  and  cheese  should  be  closely  covered.  In  hot  weather 
butter  may  be  preserved  by  laying  it  in  cold  water  set  in  another  vessel  also 
containing  cold  water,  in  which  a  little  saltpetre  has  been  dissolved.  A  linen  cloth, 
the  ends  of  which  are  laid  in  the  saltpetre  water,  should  be  spread  over  the  butter. 
Green  vegetables  also,  and  potatoes,  should  never  be  laid  on  the  shelf  of  a  larder ; 
they  should  be  put  upon  a  dry  stone  floor,  where  frost  cannot  get  to  them.  There 
would  be  no  difficulty  in  keeping  larders  clean  if  mistresses  would  form  a  habit  of 
going  to  the  larder  every  morning  in  order  to  satisfy  themselves  that  it  is  properly 
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kept.  Meat-hooks  should  be  wiped  clean  each  time  they  are  -^^J^  J^^^  ^^^^ 
a  basket  containing  pieces  of  charcoal,  to  be  renewed  every  week,  may  kept 

""'^llriL.  and  should  be   l~h-l  once  or  twice^^^^ 

TJrless  this  is  done  spiders  and  other  insects  wiU  make  their  home  m  t W^^^ 
"Sr  thence  Jo  the  other  parts  of  the  house.  When  the  supply  o  coal  xs 
finished,  and  before  fresh  coal  is  got  in,  the  oppoxWy  should  be  taken  to  dear  a 
coal-cellar  and  to  sweep  the  walls  if  they  cannot  be  hme-washed.  Care  should  be 
tatrllTo'to  use  the  dust  belonging  to  one  stock  of  coal  before  another  sup^^^^^^^^^ 
ordered.  It  may  easily  be  burnt  to  profit  m  the  kitchen  if  moistened  with  cold 
It'x  and  mixed  with  cinders,  and  if  allowed  to  accumulate  it  will  be  blown  all 

over  the  house  in  windy  weather.  j    +  u:„ 

Dust-bins.-mthing  that  is  wet  or  even  damp  should  be  thrown  mto  a  dust-bin. 
If  it  is,  it  will  become  mouldy,  and  will  cause  a  musty  and  very  objectionable  smeU. 
Dust-bins  should  be  emptied  frequently. 

Accordino-  to  the  orthodox  method  of  cleaning  a  house,  the  cleaners  should 
commence  at  the  top  of  the  house,  and  work  steadily  down  till  they  get  to  the 
bottom,  carrying  dirt  before  them  as  they  go,  and  doing  the  kitchens  last  The 
theory  is  an  excellent  one,  and,  no  doubt,  is  correct  when  applied  to  empty  houses, 
or  to  houses  given  up  to  cleaning  by  the  family.  Experience  teaches  us  however, 
that  where  houses  have  to  be  cleaned  while  the  family  remain  at  home,  and  ordinary 
house-work  has  to  be  carried  on  simultaneously  with  the  cleaning,  it  is  best  to  do  the 
kitchens  and  pantries  first,  and  then  go  up  to  the  attics,  and  come  downstairs 
doing  the  sitting-rooms  after  all  the  bed-rooms  are  finished,  and  the  stairs  and 
passages  last  of  aU.  The  reason  for  this  is  that  the  highest  attic  cannot  be  cleaned 
except  through  communication  with  the  kitchen,  and,  if  the  latter  is  dirty,  the 
dirt  will  be  trodden  backwards  and  forwards,  and  a  perfect  condition  of  cleanliness 
wiU  not  be  attained.  Besides  this,  the  cleaning  of  the  kitchen  and  pantries  is 
usually  the  heaviest  and  most  disagreeable  part  of  the  cleaning,  and,  therefore,  it 
should  be  done  while  the  workers  are  fresh  to  the  business,  and  feeling  energetic 
and  cheerful  about  it,  not  when  they  are  tired  out  and  dispirited. 

Again,  when  a  house  has  to  be  cleaned  while  the  family  are  at  home,  it  is  not 
advisable  that  it  should  be  gone  on  with  day  after  day  without  cessation  until  all  is 
done.  It  is  best  to  arrange  and  divide  the  work  and  take  rest  between,  otherwise 
it  becomes  unbearable.  If  the  business  is  begun  early  in  the  year,  and  one  or  two 
rooms  are  done  each  week,  and  then  the  cleaning  is  left  for  a  few  days,  it  may 
be  managed  so  that  the  worst  of  the  cleaning  is  got  through  without  the  family 
being  inconvenienced.  It  is  no  use  cleaning  rooms  where  fires  have  been  until  the 
fires  are  done  with,  and  it  is  impossible  to  keep  the  fact  of  cleaning  a  secret  when 
the  sitting-rooms  in  daily  use  are  being  turned  out ;  but  the  matter  should  be  kept 
quiet  as  long  as  possible,  and  the  unpleasantness  arising  from  it  made  as  short 
as  may  be.  If  periodical  cleanings  were  planned  beforehand  with  this  object  in 
view,  they  would  not  be  objected  to  so  strenuously  as  they  now  are. 

Clever  housekeepers  say  that  no  house  is  thoroughly  clean  until  it  "has  been 
cleaned  up  after  the  clean."  This  is  quite  true,  for  even  to  clean  makes  dirt.  Also 
it  is  true  that  the  fact  that  a  house  has  been  thoroughly  cleaned  is  no  reason  why 
eflPorts  directed  toAvards  the  maintenance  of  a  condition  of  cleanliness  should 
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be  relaxed  m  the  slightest  degree.    Constant  daily  doing  will  do  more  in  V 
a  house  clean  than  any  amount  of  energy  which  Lds  vL^^  T         ^  ^ 
alternated  with  seasons  of  indolence  and  i^diflerence  "'""""^  'P"^*^' 

There  are  people  in  the  world  who  think  that  •  spring  cleaning..  p«t,  l..  ^• 
.vith    and  that  if  a  house  be  kept  clean  oonsCl  r^rZ^^^^^^^^ 
penodically.    Persons  of  experience,  however,  do  not  s  eak  Hke  tl  ^'"'^ 
may  be  kept  as  clean  as  it  is  possible  to  make  them  f  i 

to  be  done  which  can  only  h'e  undertl^ntt  aTa^^^^^^^^^^^^^ 
conditions.    Spring  is  the  time  chosen  for  whitew^.}.™.        .  ""'"^^ 

darker  days.  ^  '  P^'^pare  for 

When  we  have  once  realised  the  fact  that  dirt  is  the  parent  of  disease  a^d  the 
enemy  of  health,  purity,  energy,  and  refinement,  we  shall  not  h^rte 
trouble  to  lay  down  plans  and  adopt  methods  for  its  removl      A  tlTV  . 
once  said  that  "  dirt  was  only  matter  in  the  wrong  Ice^-   it  I  ef  n^^ 
housekeepers  to  discover  where  its  right  place  may  be  /  they  may  content  W 

houses      '  "       ^'^^  -  -  thi 
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By    the  Editor. 


CHAPTER  LXXXyill. 

GENERAL  ARRANGEMENTS. 

Situation  of  Eoom— Size,  Ventilation,  Lighting,  Furniture— The  Nurse. 

The  authors  of  the  preceding  parts  of  our  book  have  told  us  how  to  build, 
arrange,  and  fit  our  house,  so  that  its  inhabitants  may  be  best  free  from  the 
greatest  curse  to  humanity — ill  health.  They  have  told  us  how  we  may  avoid 
the  injurious  effects  of  damp  and  cold,  how  we  may  best  maintain  the  temperature 
of  the  rooms  in  which  we  dwgll  without  experiencing  the  discomforts  arising 
from  excessive  heat  or  want  of  ventilation,  how  our  drains  should  be  constructed 
to  prevent  the  entrance  of  baneful  emanations  into  our  rooms,  and  how  we  may 
supply  ourselves  with  pure  water.  We  have  been  taught  how  to  Hgbt  the 
house  in  the  best  way,  how  to  decorate  it,  and  how  to  keep  it  clean.  Living  under 
these  conditions  we  may  well  hope  to  be  free  from  many  diseases,  and  certainly 
from  all  those  which  directly  result  from  an  ill-constructed  habitation.  But, 
unfortunately  for  the  human  race,  it  is  heir  to  many  ills  bequeathed  by  our  fore- 
fathers, whose  knowledge  of  what  to  avoid  on  the  one  hand,  and  whose  power  of 
applying  this  knowledge  on  the  other,  was  far  more  limited  than  our  own. 

"We  must  not,  therefore,  expect  that,  because  our  house  is  dry,  we  shall  never 
suffer  from  rheumatism  or  catarrh;  that,  because  our  rooms  are  well  ventUated, 
headaches  will  never  be  known  to  us ;  nor  indeed  have  we  any  right  to  anticipate 
that  enteric  fever,  the  disease  of  all  diseases  which  belongs  to  faulty  drains,  will 
never  enter  our  doors.  Enteric  fever,  scarlet  fever,  diphtheria — ^in  fact,  all  the  long 
list  of  infectious  diseases,  may  be  contracted  outside  our  house,  and  thus  disease 
creeps  into  the  most  healthy  homo  which  all  our  knowledge  can  enable  us  to  build. 
Nor  are  infectious  illnesses  the  only  class  of  disease  with  which  we  may  have  to  deal 
in  connection  with  our  healthy  home ;  persons  suffering  from  a  host  of  chronic 
ailments,  from  lung,  from  kidney,  and  from  heart  disease  may  come  to  inhabit  it. 

Many  diseases  come  to  us  as  the  result  of  advancing  years.  The  changes  which 
we  find  taking  place  in  the  hair  are  equally  present  in  all  parts  of  the  body ;  the 
lungs  are  altered,  the  heart  and  blood-vessels,  in  their  ramifications  through  the 
whole  body,  degenerate,  the  bones  become  brittle,  and  health,  as  the  result  of  these 
changes,  is  liable  to  many  interruptions.  There  are  diseases  due  to  faults  of  living, 
to  exposure,  and  to  carelessness,  besides  those  which  come  about  as  an  inlieritance 
of  our  forefathers ;  all  of  which,  it  is  left  to  the  writer  to  point  out,  may  have  to  be 
provided  for  in  the  house,  concerning  which  his  colleagues  have  laid  down  rules 
to  prevent  having  in  it  any  sickness  at  all. 
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For  all  persons  suffering  from  these  diseases  we  must  insist  upon  the  same 
advantages  as  have  been  pleaded  for  those  in  a  state  of  health  ;  that  is  to  sav  th! 
rooms  they   occupy  must   be   sufficiently  ventilated,  sufficiently  warmed  and 
sufficiently  lighted  to  suit  the  requirements  of  the  sick  person;  but  he  has  'other 
necessities  than  these.  The  pleasure  which  he  derives  from  his  association  with  others 
m  a  time  of  health  will  cease  to  be  a  pleasure  in  a  time  of  sickness,  that  which  has 
before  afforded  him  amusement  will  then  prove  irksome  and  injurious;  he  must 
have  tlie  opportunity  of  passing  his  time  in  the  manner  best  suited  to  his  physical 
and  niental  condition,  and  the  first  demand  which,  therefore,  has  to  be  met,  is  to 
provide  for  him  the  rest  and  quiet  which  his  ailment  requires.    The  room  to  be 
chosen  for  the  use  of  the  invalid,  if  the  ilbaess  be  a  severe  one,  must  be  as  far 
removed  from  bustle  and  noise  in  the  house  as  circumstances  will  permit,  provided 
that  the  duties  of  tending  upon  him  and  supplying  him  with  food  shall  not  be 
impeded  by  removing  him  too  far  from  those  upon  whom  he  has  to  depend.    It  is 
impossible,  without  regard  to  such  arrangements  of  the  house  as  the  distance  from 
the  kitchen,  or  as  the  distance  from  the  necessary  lavatory,  to  decide  upon  the 
particular  room  that  he  shall  occupy;  but  almost  every  house  allows  a  choice  to  be 
made  winch  shall  meet  the  necessities  of  the  invalid  and  the  convenience  of  the 
household. 

So  far  as  the  invalid's  own  comfort  is  concerned,  it  is  important,  besides  his  need 
for  rest,  to  take  into  consideration  the  question  whether  his  illness  confines  him  to 
his  bed,  or  whether  some  portion  of  the  day  will  be  spent  about  the  room.  If  he  is 
so  ill  as  to  be  unable  to  enjoy  the  prospect  from  the  window,  it  is  immaterial  what 
the  outlook  of  the  room  may  be;  but  if  this  is  not  the  case,  or  if  a  period  of  con- 
valescence will  have  to  be  passed  in  the  same  apartment,  it  is  desirable  that  this 
should  not  be  forgotten,  for  nothing  is  more  wearisome  than  to  have  no  better  view 
than  that  which  is  afforded  by  the  back  windows  of  some  town  houses. 

The  size  of  the  room  will  affect  not  only  the  comfort  of  the  invalid,  but  the 
convenience  of  those  who  are  attending  upon  him,  and  it  should,  therefore,  be 
sufficiently  large  to  allow  free  movement  about  it,  and  ready  access  to  all  sides  of 
the  bed. 

But  there  are  other  reasons  than  these  for  giving  abundant  space  to  any  one 
confined  to  bed.    The  room  may  possibly  have  to  serve  for  day  as  well  as  for  night, 
and  thus  there  is  not  the  same  opportunity  for  so  complete  a  change  of  its  air-contents  ' 
as  every  bed-room  has  when  its  occupant  leaves  it  in  the  morning.    In  the  section 
on  ventilation  we  have  been  told  of  the  necessity  for  the  change  of  the  air  of  every 
occupied  room,  on  account  of  the  accumulation  of  impure  air  which  would  otherwise 
occur,  and  that  the  air  of  a  room  can  only  be  completely  changed  some  three  or 
four  times  an  hour  without  producing  draught.    In  the  sick-room,  the  pollution  of 
the  air  takes  place  more  rapidly,  and  the  necessity  for  its  frequent  renewal  is,  there- 
fore, increased ;  but  draughts  must  also  be  avoided,  and  one  of  the  means  by  which 
this  can  be  done  is  to  have  a  room  containing  so  many  cubic  feet  of  air  that  the 
pollution  of  this  larger  volume  by  the  sufferer  is  rendered  more  difficult.    In  a 
larger  room,  moreover,  it  is  possible  to  place  the  bed  in  a  position  more  removed 
from  the  currents  which  in  every  room  circulate  between  the  door,  the  window,  and 
the  fireplace. 

It  wiU  be  worth  our  while  to  leam.  very  briefly  the  amount  of  cubic  space  which 
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is  required  for  the  purposes  of  the  sick  by  those  who  have  considered  the  subject 
The  'Xole  tendency  of  the  thought  of  those  ..ho  have  charge  of  ^^^^^ 
times  has  been  to  insist  on  a  much  larger  amount  of  cubxc  space  ^'^^^aJ  Z 
ago  was  considered  necessary.  A  visit  to  some  of  our  older  hospitals  will  show  how 
comparatively  small  an  amount  was  claimed  a  hundred  years  ago;  but  m  recent 
years  we  have  come  to  understand  how  very  much  the  sick  person  is  dependent  upon 
an  abundant  supply  of  fresh  air  for  his  chances  of  recovery,  and  ^J^  ^^^J^J 
satisfied  unless  in  a  hospital  every  patient  is  allotted  upwards  of  1  500  cubic  feet  of 
air-space,  and  in  hospitals  for  infectious  diseases  not  less  than  2,000.  But  where  a 
sinale  room  comes  to  be  occupied  by  an  invalid,  we  shall  find  that  even  2,000  cubic 
feet  is  insufiicient  for  our  purpose,  and  that  we  must  look  upon  3,000  as  the 
smallest  amount  necessary.  If  it  be  recollected  that  this  amount  of  space  is  all  that 
can  be  obtained  from  a  room  12  feet  in  height  and  about  16  feet  square,  it  will  oe 
seen  at  once  that  tHs  limit  is  by  no  means  an  extravagant  one. 

The  temperature  of  a  sick-room  must  depend  upon  the  particular  ailment  which 
has  to  be  treated  in  it.  It  is  unnecessary  to  maintain  a  temperature  of  more  than 
about  50^"  Fahr.  for  a  healthy  person  in  bed ;  in  cases  of  the  acute  infectious  fevers 
a  comparatively  low  temperature  is  well  borne,  unless  some  lung-complication 
supervene;  but  in  other  diseases,  such  as  bronchitis,  asthma,  or  pneumonia,  a  higher 
temperature  is  often  required,  and  from  time  to  time  it  may  be  necessary  to  render 
the  air  of  the  apartment  moist  by  the  introduction  into  it  of  steam.  But  whatever 
need  there  may  be  for  warmth,  this  must  be  provided  for  rather  by  an  increase  of 
the  fire  than  at  the  expense  of  the  ventilation. 

A  description  of  the  various  grates  which  may  be  best  used  with  this  object  will 
be  found  in  the  section  on  Ventilation  and  Warming,  and  we  have  only  to  point 
out,  as  a  special  requirement  of  our  sick-room,  the  very  considerable  assistance 
which  would  be  aS'orded  by  a  small  boiler  in  connection  with  the  grate.  With 
regard  to  the  moisture  of  the  atmosphere,  this  is  most  easily  produced  by  the  use 
of  a  kettle  with  a  long  spout ;  the  water  in  the  kettle  being  readily  maintained  at 
boiling-point  either  by  the  fire,  by  a  gas-burner,  or  spirit-lamp. 

An  abundance  of  light  is  one  of  the  essentials  of  the  sick-room — first,  to  enable 
every  ofiice  to  be  performed  about  the  sick  person,  and  the  room  to  be  kept 
absolutely  clean  by  exhibiting  the  least  deposit  of  dust ;  and,  secondly,  to  enable  the 
sick  person  to  derive  from  sunlight  those  health-giving  properties  which  it 
undoubtedly  contains,  for  without  sunlight  the  powers  of  life,  whether  of  animals 
or  vegetables,  become  enfeebled,  and  at  no  time  is  there  more  need  for  life  to  be 
supported  than  when  the  bodily  powers  are  weakened  by  disease.  Excess  of  light 
can  be  readily  prevented  by  the  use  of  blinds,  and  there  should  not,  therefore,  be 
any  fear  that  the  window-space  will  be  too  great,  so  long  as  the  size  of  the  window 
does  not  hinder  the  maintenance  of  a  proper  temperature  in  the  sick-room.  The 
position  of  the  bed  with  regard  to  the  window  is  an  important  one.  We  have 
already  said  that  the  patient  must  not  be  exposed  to  the  currents  of  air  which 
circulate  between  the  fireplace  and  the  door,  neither  should  the  bed  face  the 
window,  but  should  have  it  on  one  side,  so  that  the  invalid  may  readily  turn  from 
it  should  he  so  desire,  or  may,  if  he  wish  to  read,  have  the  light  thrown  upon  his 
book  in  such  a  direction  as  not  to  cast  a  shadow.  With  regard  to  artificial  light, 
it  may  be  said  that  whatever  rules  are  laid  down  by  Mr.  Brudenell  Carter  in  the 
61 
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section  on  Lighting  apply  with  double  force  to  the  sick-room,  for  here  especially  i. 
there  no  need  for  a  brilliant  illumination  of  every  object  in  the  room  ;  it  is  enough 
if  there  be  ample  light  for  the  attendants  on  the  sick  to  perform  their  duties 
while  a  particular  object,  such  as  a  book,  is  readily  illuminated  by  a  shaded 
lamp,  which,  while  casting  a  light  on  the  book,  protects  the  reader's  eyes  from  the 
glare. 

In  the  treatment  of  the  floor-surface,  different  opinions  have  been  held  with 
regard  to  the  question  of  staining,  waxing,  or  washing  it,  and  one  high  authority 
has  described  any  other  method  of  cleaning  the  floor  than  that  of  scrubbing  as 
"rubbing  in  the  dirt;"  but  latterly  opinion  has  grown  in  favour  of  the  dry 
methods,  which,  it  is  argued,  not  only  cleanse  the  surface,  but  prevent  such  risks 
as  may  arise  from  making  the  floor  damp.  The  floor  of  the  sick-room  must  not  be 
wholly  covered  with  cai-pet ;  a  few  strips  placed  round  the  bed  and  in  other  parts 
where  specially  required,  which  can  be  at  once  removed  for  the  purpose  of  cleaning, 
will  be  sufficient.  It  is  particularly  in  the  sick-room  that  advantage  will  be 
derived  from  the  floor  consisting  of  close-fitting  boards. 

^  For  walls  there  is  no  better  covering  than  that  of  distemper.  The  readiness 
with  Avhich  the  surface  can  be  renewed  renders  this  method  infinitely  preferable  to 
paper,  which  necessarily,  in  course  of  time,  absorbs  some  of  the  emanations  which 
are  given  off  from  the  body.  With  regard  to  colour,  we  have  only  to  urge  that  this 
may  be  sufliciently  cheerful  ^vithout  being  too  pronounced,  and  that  there  may  be  a 
complete  absence  of  any  pattern  which  shall  trouble  the  weary  brain  at  a  time  when 
there  is  a  tendency  to  count  or  shape  any  form  or  spots  upon  the  wall. 

In  arranging  the  furniture  of  the  room,  we  must  bear  in  mind  the  requirements 
of  the  invalid  and  the  necessity  for  maintaining  his  apartment  in  as  perfect  a  state 
of  cleanliness  as  possible.  There  must  be  a  bed,  a  chair  or  two,  a  table,  appliances 
for  washing,  and  either  a  night-commode  or  a  bed-pan,  or  both,  as  well  as 
convenience  for  storing  a  limited  amount  of  clean  linen.  Beyond  his  own 
necessities  and  those  of  his  nurse,  the  less  furniture  he  has  about  him  the 
better. 

A  few  words  may  be  given  to  the  character  of  the  furniture  which  is  best  fitted 
for  use  in  the  sick-room.  Beginning  with  the  bed,  it  may  be  pointed  out  that  the 
height  above  the  floor  is  a  matter  of  importance,  for  if  this  be  excessive,  it  is  almost 
impossible  for  those  in  attendance  upon  the  invalid  to  reach  over  the  bed,  and  raise 
or  move  him  from  one  position  to  another.  For  the  same  reason,  it  is  desirable  not 
to  have  too  wide  a  bed ;  if  it  is  possible  to  remove  a  sick  person  from  one  side  of  a 
very  wide  bed  to  the  other,  it  is  equally  possible  to  transfer  him  from  one  narrow 
bed  to  another  placed  immediately  by  the  side,  a  course  which  is  infinitely  to  be 
preferred,  inasmuch  as  it  enables  the  invalid  to  be  placed  in  a  newly-made  bed 
without  undergoing  the  fatigue  of  waiting  until  his  own  bed  is  made,  and  one, 
moreover,  far  more  free  from  emanations  given  off  by  the  body  than  that  just 
quitted,  however  well  it  might  be  aii-ed  and  made. 

As  a  general  rule,  a  mattress  placed  upon  a  spring  bed  is  preferable  to  a  feather 
bed,  and  where,  in  surgical  cases,  it  is  important  that  the  bed  should  not  be  allowed 
to-  become  uneven,  the  mattress  becomes  a  .necessity.  A  light  iron  bedstead  on 
castors  is  best,  for  the  reason  that  it  can  be  easily  kept  clean,  and  can  be  readily 
moved  from  one  part  of  the  room  to  another  ;  it  should  not  have  a  high  head-board. 
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inasmuch  as  this  interferes  with  the  easy  lifting  of  he  pat.ent  by  any  o^^^^^S 
at  the  head.  Curtaia.s  are  unnecessary,  and  indeed  prejudicial  -J^-^ 
because  the  only  plea  for  their  existence  is  that  they  prevent  ^'^-f'''^^'}'^ 
bed  be  placed  in  its  right  position  in  a  properly-constructed  room  no  draught  ^^ould 
be  perceptible ;  and  prejudicial,  because  they  tend  to  confine  the  air  about  the  sick 
person  at  a  time  when  it  is  most  desirable  he  should  be  provided  with  a  plentiful 

'"^The  necessities  of  sickness  usually  require  the  provision  of  a  night-stool  or 
commode;  this  should  be  so  constructed  as  to  render  it  impossible  for  emanations 
to  rise  from  the  pan,  which  should,  therefore,  have  a  cover,  and  should  immediately 
after  use  be  removed  from  the  room. 

The  rest  of  the  furniture  relates  rather  to  the  comfort  of  the  invaUd  than  to  his 
health,  but  reference  may  be  made  to  those  tables  which  extend  across  the  bed,  and 
add  so' much  to  convenience  in  taking  meals  in  bed  ;  some  of  these  tables  can  be 
sloped  so  as  to  form  a  readmg  or  writing  desk,  a  great  boon  during  a  long  Ulness. 
A  bed-rest  is  another  article  of  furniture  which  may  be  almost  considered  a  necessity, 
giving  opportunity  for  the  invalid  to  sit  up  at  any  angle  without  undue  fatigue. 
Many  other  appliances  are  now  made  to  suit  the  requirements  of  individual 
ilhiesses,  but  it  would  be  out  of  place  to  describe  them  here.  It  should,  however, 
be  remembered  that  whether  the  invalid  be  in  bed,  or  be  sitting  up  out  of  bed,  the 
furniture  should  be  so  arranged  as  to  enable  him  to  adopt  with  the  least  fatigue  the 
position  which  is  best  for  liim,  and  which  helps  him  to  enjoy  all  the  change  of 
posture  he  may  require. 

But,  however  much  the  invalid  may  be  dependent  on  the  furniture  and 
fittings  of  his  room,  not  only  for  his  comfort  but  as  aids  to  his  recovery,  he 
is  far  more  dependent  upon  the  personal  services  of  those  whose  duty  it  is  to 
tend  him  during  his  illness.  Upon  the  influence  of  the  nurse  for  good  or  for 
evil  his  chances  of  life  will  often  altogether  depend.  It  is  not  every  woman  who 
can  make  a  nurse,  although  we  are  not  infrequently  told  that  women  are  born 
nurses ;  nor,  indeed,  does  every  woman  who  earns  her  living  by  nursing  deserve  to 
have  conferred  upon  her  this  honoured  title. 

Miss  Catherine  J.  Wood,  the  able  Lady  Superintendent  to  the  Children's 
Hospital  in  Great  Ormond  Street,  writing  on  nursing,  says  that  six  general 
qualifications  are  needed  to  make  a  thorough  nurse — viz.,  presence  of  mind, 
gentleness,  accuracy,  memory,  observation,  and  forethought.  "  Nurses  should 
be  conscientious  attendants  on  the  sick,  handmaidens  .to  the  medical  staff,  a 
happy  mean  between  the  drudge  that  does  all  the  dirty  work  and  the  quasi- 
woman  doctor  of  modern  times — the  bane  of  the  sisterhood  and  the  plague  of  the 
doctors." 

A  nurse  should  be  a  woman  in  good  health,  of  cheerful  disposition,  and  exercising 
a  proper  control  over  her  patient,  yet  not  in  a  way  so  authoritative  that  he  shall  be 
conscious  of  his  helplessness.  A  knowledge  of  the  responsibility  attaching  to  her 
office  should  lead  to  her  devoting  her  best  energies  to  her  duties,  while  a  further 
knowledge  that  she  is  equal  to  any  claim  that  may  be  made  upon  her  should  free 
her  from  an  undue  sense  of  anxiety,  which  might  impart  to  her  patient  a  sense 
of  insecurity. 

Before  all  things  she  should  be  noiseless  in  her  movements,  and  to  enable  her  to 
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be  so,  her  dress  slioukl  be  arranged  ^yitll  this  object,  for  nothing  is  more  trying  to 
t.ie  sensitive  and  feverish  patient  than  the  creaking  of  boots  and  the  rustle  which 
accompanies  every  movement  of  the  highly-starched  nurse.  She  should  be  methodical 
in  her  habits,  and  careful  to  keep  the  sick-room  as  tidy  as  possible  for  to  a 
nervous  patient  the  fact  that  the  room  presents  a  disorderly  appearance  is  often 
most  distressing. 

Nor  must  it  be  forgotten  that  the  nurse  herseH  must  be  considered  in  the 
arrangements  which  are  made  for  tending  on  the  sick.  She  must  have  her  proper 
hours  for  sleeping  and  for  exercise,  for  the  former  not  less  than  eight,  for  the  latter 
fully  two  hours.  She  should  not  be  expected  to  take  her  meals  in  the  sick-room 
but  m  all  details  her  health  must  be  studied,  not  only  as  necessary  to  the  proper 
performance  of  her  duties,  but  also  in  fairness  to  herself. 


NEED  OF  PROVIDING  FOR  INFECTIOUS  DISEASES.  SOI 


CHAPTER  LXXXIX. 

ARRANGEMENTS  FOR  INFECTIOUS  DISEASE. 

Advantages  of  the  Eemoval  of  the  Sick-Choice  of  Sick-room-Preparation  of  Eoom-Special 

Precavitions  for  Different  Diseases. 

4s  yet  we  have  only  pointed  out  tlie  arrangements  wbich  must  be  made  in  view  of 
the  .velfare  of  the  sick  person  alone,  his  illness  being  no  concern  to  the  other 
inmates  of  the  house,  except  so  far  as  they  may  entaH  anxiety  and  labour  upon 
them;  but  it  is  hardly  possible  for  a  house  to  be  inhabited  by  a  mixed  population  ot 
persons  of  all  ages  for  many  years,  without  the  introduction  into  it  of  some  form  ot 

communicable  disease. 

To  every  householder,  to  the  head  of  every  family,  the  question  must  at  some 
time  present  itself,  what  is  to  be  done  to  prevent  the  disease,  from  which  one  person 
is  suffering,  extending  to  others  1  The  very  great  probability  that  provision  will 
have  to  be  made  for  such  an  eventuality  wHl  be  best  understood  by  pointing  out 
that  the  Registrar  General's  returns  for  the  year  1881  show  that  as  many  as  6,723 
children  during  the  first  five  years  of  life  died  in  London  from  small  pox,  measles, 
scarlet  fever,  diphtheria,  whooping-cough,  typhus  and  enteric  fever.  These  deaths 
may  be  taken  generally  to  represent  at  the  very  least  ten  times  the  number  of  cases 
of  sickness,  and  occurred  among  a  population  of  about  450,000  chHdren  under  five 
years  of  age.  Now,  if  we  reckon  the  number  of  cases  of  these  diseases  at  this  age 
to  be  70,000  in  London  during  1881,  we  may  roughly  calculate  that  350,000  such 
cases  occurred  in  the  five  years;  or,  in  other  words,  that  35  out  of  every  45  chUdren 
under  five  years  of  age  suffered  from  one  of  the  above-mentioned  infectious  diseases 
before  it  had  attained  that  age. 

Such,  then,  must  be  the  expectation  of  every  household  with  young  children,  while 
those  dwellings  which  are  inhabited  by  older  people  must  also  from  time  to  time 
contain  persons  suffering  from  infectious  disease.  This  being  the  case,  it  is  well  for 
every  one  to  know  how  he  can  best  limit  the  further  extension  of  the  disease  which 
has  invaded  his  home.  Immediately  the  fact  is  known  that  one  of  the  family  is 
suffering  from  scarlet  fever,  from  diphtheria,  or  from  any  other  of  these  diseases,  a 
hundred  questions  arc  at  once  asked.  Are  the  children  to  remain  at  home  1  What  is 
the  risk  to  them  if  they  do  1  Where  shall  the  sufferer  be  put  1  How  shall  the  room 
be  prepared?  What  disinfectants  must  be  used?  Upon  the  correct  answers  to 
be  given  to  these  questions  will  depend  the  health  and,  perhaps,  the  life  of  more 
than  one  inmate.  They  ought,  then,  to  be  carefully  considered  before  the 
emergency  arises,  and  every  house  ought  to  be  so  ordered  that  no  time  shall  be  lost 
in  making  arrangements  upon  which  so  much  depends. 

We  arc  often  told  that  a  "little  knowledge  is  a  dangerous  thing;"  and  the  proverb 
is  true  enough,  frequently  leading  us  to  trust  to  that  knowledge  when  we  should  be 
acting  more  wisely  were  we  to  seek  advice  from  some  source  where  we  could  obtain 
guidance  upon  which  we  might  rely  with  safety.  We  do  not  propose,  therefore,  to 
suggest  such  rules  for  the  guidance  of  families  that  the  medical  attendant  should 
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be  m  any  way  considered  unnecessary;  but  we  would  rather  wish  to  explain  the 
reasons  which  are  the  cause  of  the  orders  given  by  the  doctor,  and  thus  enable  those 
whose  duty  it  is  to  cany  them  out,  to  understand  how  best  to  give  effect  to  them  ^ 

Now,  the  diseases  which  are  communicable  from  man  to  man  can  be  conveyed'in 
several  ways-by  contact,  by  means  of  air,  by  means  of  some  person  in  close  relation 
to  the  sufferer  who  is  not  himself  attacked,  by  some  infected  article,  such  as  clothing 
or  by  some  infected  food-supply,  such  as  milk  or  water.  Hence,  if  the  infectious 
person  is  not  to  cause  risk  to  other  people,  he  must  be  placed  under  conditions 
which  make  it  impossible  for  him  to  infect  the  air  breathed  by  others,  the  food 
swallowed  by  others,  or  any  article  of  clothing  or  furniture,  or  indeed  anything  that 
can  while  thus  charged  with  infection  come  itself  in  contact  with  a  susceptible 
person.  We  must,  indeed,  -isolate"  the  invalid,  and  by  the  word  isolation  we  mean 
that  he  IS  to  be  so  cut  off  from  all  others  likely  to  contract  his  disease,  that 
they  will  not  be  exposed  to  any  of  the  risks  we  have  indicated. 

It  is  clear  that  the  first  thought  which  will  enter  the  mmd  of  the  head  of  a  family 
one  of  whom  has  contracted  an  infectious  disease,  is,  whether  the  disease  can  be 
treated  without  risk  in  the  house,  and,  if  it  cannot,  what  course  shall  be  adopted  ^ 
ShaU  the  invalid  be  removed,  or  shall  he  remain  while  other  members  of  the  family, 
who  are  themselves  susceptible  to  the  disease,  are  sent  away?  Whatever  the 
conclusion  may  be,  it  must  be  arrived  at  promptly,  for  every  moment  of  delay 
increases  the  probability  of  the  disease  spreading  to  others. 

If  there  be  a  hospital  within  reach  of  the  sufferer  to  which  he  can  be  removed,  the 
whole  difficulty  is  at  an  end;  and  here  it  may  be  fitting  to  point  out  how  very  much 
needed  is  hospital  accommodation  for  those  who  are  willing  and  able  to  pay  for  the 
same  comforts  with  which  they  would  be  surrounded  were  th'ey  to  remain  in  their 
own  homes.  In  London  this  accommodation  exists,  for  the  London  Fever  Hospital 
in  Liverpool  Road,  Islington,  has  wisely  provided  a  series  of  separate  rooms  in 
which  for  a  small  weekly  payment  every  necessary  and  every  comfort  can  be  had  by 
persons  suffering  from  infectious  fevers ;  while  the  London  Small  Pox  Hospital  at 
Highgate  has  also  made  provision  for  cases  of  small  pox. 

That  this  is  the  simplest  and  wisest  course  in  the  great  majority  of  cases  is 
evident ;  and  it  may  be  stated  that  this  removal  of  the  invalid  may,  as  a  rule,  be 
effected  without  the  least  risk  in  the  ambulances  provided  either  by  these 
institutions  or  by  the  sanitary  authorities  of  the  district  in  which  the  infected 
house  is  situated.  Thisds  a  point  worth  dwelling  on  ;  for  the  fear  of  causing  injury 
to  a  person  stricken  with  infectious  disease  is  often  so  present  in  the  minds  of  his 
friends  that  he  is  retained  at  home,  to  the  great  risk  of  those  who  are  dwelling  in 
the  house  with  him.  Indeed,  the  writer  feels  he  may  speak  with  some  assurance 
on  this  point ;  for  of  some  thousands  of  cases  of  all  kinds  of  infectious  disease  which 
have  come  under  his  observation,  he  has  known  but  a  very  few  persons  whose 
condition  was  rendered  the  worse  for  their  journey,  and  these  were,  without 
exception,  persons  whose  illness  had  far  progressed  before  the  removal  took  place ; 
while  of  those  who  were  removed  within  a  short  time  of  the  beginninof  of  their 
illness,  not  one  suffered  from  the  journey  or  the  change  of  abode,  although  this  took 
place  at  all  jjeriods  of  the  year. 

When  the  removal  either  of  the  sick  person,  or  of  other  members  of  the  family,  is  a 
necessity,  the  advantage  of  the  former  step  must  be  insisted  upon,  particularly  because 
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if  the  other  members  are  distributed  to  diflferent  houses,  this  may  occur  at  a  time 
they  are  themselves  incubating  or  hatcliing  the  disease,  and  thus  they  may,  in  their 
turn,  become  centres  of  infection  to  other  families ;  while,  on  the  other  hand,  if 
they  can  be  retained  at  home  without  further  risk  to  themselves,  they  are 
necessarily  under  close  inspection,  and  the  area  of  disease,  should  subsequent  cases 
occur,  is  thus  limited. 

If,  however,  neither  the  sick  person  nor  other  susceptible  members  of  the  family 
can  be  removed  from  the  home,  it  becomes  necessary  to  isolate  the  former  in  the 
best  manner  possible,  and  we  must  now  consider  how  this  can  be  done. 

The  separation  of  the  sick  person  is  to  provide  against  infection  being  carried  by 
air,  in  the  first  instance,  and  for  this  purpose  it  is  necessary  to  place  him  in  that 
part  of  the  house  of  which  the  air  can  be  most  readily  cut  off  from  that  of  the  rest. 
In  most  houses  of  the  middle  class  in  London  or  other  towns,  the  best  situation  will 
be  at  the  top,  where  he  should  have  one  or  more  rooms  to  which  he  should  be  absolutely 
confined.  In  many  of  these  houses  there  are  not  more  than  two  or  three  rooms  on  the 
floor,  and  none  of  these  should  at  this  time  be  allowed  to  be  occupied  by  any  but 
those  who  are  in  attendance  upon  the  sick  person.  As  a  means  of  further  cutting 
off  the  air  communication  between  the  sick-room  and  the  staircase,  the  Society  of 
Medical  Officers  of  Health  have  recommended  that  a  sheet  should  be  hung  over  the 
doorway,  and  kept  saturated  with  a  solution  of  carbolic  acid.  We  will  shortly 
discuss  the  merits  of  the  different  disinfectants ;  at  the  present  moment,  therefore, 
we  wHl  be  satisfied  with  the  statement  that  a  sheet  thus  hung  before  the  door 
serves  as  an  additional  barrier  to  the  passage  of  air,  and  it  may  be  taken  as  a  fact 
that  this  method  does  undoubtedly  offer  an  obstacle  to  a  current  of  air  entering 
the  window  and  driving  out  the  infected  air  of  the  room  on  to  the  staircase. 

This  is  the  best  position  for  an  infectious  person  in  the  ordinary  middle-class 
house,  where  there  are  three  or  four  floors  of  two  or  three  rooms  each.  In  houses 
differently  arranged,  other  rooms  might  serve  the  ])urpose  as  well  or  better. 

The  accompanying  plan  (Fig.  410)  shows  aii  arrangement  of  rooms  where  two 
bed-rooms,  a  water-closet,  and  a  bath-room  are  grouped  together,  and  can  be  entirely 
cut  off  by  a  properly-arranged  sheet  or  curtain  at  A  from  the  rest  of  the  house. 
This  arrangement  has  stood  the  test  of  a  practical  experiment ;  for  in  the  rooms 
to  which  we  have  referred  were  isolated  a  child  suffering  from  scarlet  fever,  and 
her  nurse,  while  living  in  the  rest  of  the  house  were  five  adults  and  four  other 
children,  but  one  of  whom  had  previously  had  scarlet  fever  ;  yet  they  remained  in 
the  house  during  the  whole  time  of  the  illness  and  did  not  contract  the  disease. 

Our  next  duty  is  to  consider  the  changes  necessary  to  prepare  the  room  for  the 
reception  of  a  case  of  infectious  disease. 

To  speak  generally,  the  room  should  be  denuded  of  everything  not  absolutely 
required  for  the  use  of  the  patient  and  his  nurse.  All  curtains  should  be  removed, 
the  carpet  should  be  taken  up,  a  strip  only  being  left  which  can  subsequently  be 
destroyed  The  chest  of  drawers  should  be  emptied  of  everything  except  that  which 
will  be  required  during  the  illness,  or  during  convalescence.  Superfluous  furniture 
should  be  removed,  so  that  as  little  opportunity  as  possible  should  be  given  for 
infectious  particles  to  deposit  themselves  in  the  nooks  and  comers  of  unnecessary 
articles. 

With  the  room  in  this,  condition  the  sick  person  passes  through  his  illness, 
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except  that  the  remainder  of  the  bed-room  furniture  wliicli  is  required  durin-  a 
state  of  health  has  to  be  somewhat  supplemented  during  sickness,  but  these  details 
have  been  already  considered. 

Thought  should  now  be  given  to  the  passage  and  staiixase;  they  should  be  kept 
as  freely  ventilated  as  possible;  the  staircase  window  should  be  kept  open  all  doors 
openmg  on  to  it  carefully  shut,  and  the  stair-carpet  removed.  ' 

With  such  arrangements  thoroughly  carried  out,  there  is'  every  probability  that 
the  other  residents  in  the  house  will  only  be  exposed  to  one  risk— that  of  infection 
carried  by  the  person  in  attendance  upon  the  invalid. 

In  selecting  the  individuals  who  are  to  undertake  this  duty,  regard  must  be 
had  to  the  fact  that  they  are  themselves  exposed  to  infection,  and  they  must,  there- 
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fore,  be  chosen  not  only  for  their  capacity  to  take  good  care  of  their  patient,  but 
they  should,  if  possible,  have  passed  previously  through  an  attack  of  the  same  ilhiess 
as  that  from  which  he  is  suffering.  This  is  an  important  point,  and  should  on  no 
account  be  lost  sight  of ;  for,  apart  from  the  consideration  which  is  due  to  her,  if  the 
nurse  fails  through  sickness,  she  adds  to  the  diflSculties  of  the  household  not  only 
by  the  loss  they  sustain  of  her  services,  but  also  by  the  fact  that  she  in  her  turn 
needs  the' help  of  others. 

For  the  purpose  of  doing  her  duty  to  her  patient,  and  to  the  other  members  of 
the  family,  she  must  have  an  appreciation  of  the  dangers  against  which  she  has  to 
guard,  and  must  understand  intelligently  the  means  which  are  to  be  adopted  with 
this  end.  She  must  recollect  tliat  upon  her  devolves  the  whole  responsibility  of 
carrying  out  the  doctor's  orders  in  such  a  way  that  by  no  oversight  can  infection 
pass  from  the  sick-room  into  the  rest  of  the  house,  and  it  cannot  be  too  strongly 
pointed  out,  that  unless  the  greatest  possible  care  be  unceasingly  taken  to  prevent 
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accidents,  tlie  strict  quarantine  will  be  broken,  and  misfortune  will  be  likely  to 

°  The  nurse  should  have  opportunity  given  her  of  wearing  clothes  while  on  duty 
in  the  sick-room  diflferent  from  those  which  she  would  wear  at  other  times,  it  is 
obvious  that  her  clothing  must,  from  contact  with  her  patient,  become  itself  charged 
with  infection,  and  she  should,  therefore,  limit  this  exposure  to  one  set  only,  never 
taking  her  other  clothes  into  the  sick-room.  ,  Her  movements  m  the.  house  will 
depend  upon  whether  children  or  other  people  susceptible  to  infection  arfe  living  m 
it.  She  should,  however,  not  go  into  other  rooms  without  first  changing  her 
clothes  and  washing  herself  thoroughly ;  and  it  is  necessary  that  even  with  these 
precautions  she  should  be  kept  away  from  susceptible  people.  It  would  not  be 
fair  to  expect  her  to  take  her  meals  in  the  sick-room ;  these  may  be  brought  to  her 
in  one  of  the  rooms  which  are  to  be  avoided  by  the  rest  of  the  household.  Living 
thus  separated  from  the  world,  she  should  not  be  forgotten,  and  everything  should 
be  done  to  enable  her  to  preserve  her  own  health. 

Finally,  her  age  comes  to  be  a  matter  of  importance  when  she  is  called  upon 
to  treat  one  disease  from  which  she  has  not  previously  suffered — viz.,  typhus  fever. 
It  is  desirable  that  if  a  woman  must  be  employed  to  nurse  typhus,  who  has  not 
passed  through  an  attack  of  this  disease,  that  she  should  be  as  young  as  is  con- 
sistent with  the  possession  of  sufficient  knowledge  and  Experience  to  take  charge 
of  her  patient.  The  greater  the  nurse's  age,  the  less  her  chance  of  recovery  should 
she  be  unfortunate  enough  to  contract  her  patient's  disease ;  and  it  is  a  most 
improper  and  unfair  act  to  expose  a  woman  of  middle  life,  or  of  riper  age  than  this, 
to  the  infection  of  typhus,  unless  she  has  previously  had  the  disease,  or  unless  no 
younger  person  can  be  found  suitable  for  the  work  which  has  to  be  done.  On 
the  other  hand,  it  is  believed  that  young  persons  are  far  more  susceptible  to  attacks 
from  enteric  fever  than  those  who  are  older ;  this  point  also  should  be  borne  in 
mind  in  the  selection  of  a  nurse. 

With  regard  to  the  patient,  everything  he  uses  should  be  kept  distinct  from 
articles  used  by  other  persons ;  his  linen  must  not  be  allowed  to  mix  with  others  in 
the  general  laundry,  but  should  be  specially  treated,  while  rags  which  may  have 
been  used  to  receive  the  discharge  from  the  throat  in  scarlet  fever  or  diplitheria 
should  be  at  once  burnt. 

■  We  have  now  discussed  the  arrangements  that  should  be  made  in  a  household 
for  the  treatment  in  it  of  a  case  of  infectious  disease ;  and  it  only  remains  to 
consider  how  far  they  are  necessary  for  all  the  infectious  diseases,  and  whether 
any  relaxation  of  these  rules  may  be  permitted  with  regard  to  any  one  disease, 
or  whether  they  must  be  supplemented  by  others. 

Tlie  answer  to  questions  such  as  these  must,  of  course,  depend  upon  the  manner 
in  which  the  disease  is  communicated  from  the  sick  to  the  healthy.  Thus,  some 
diseases  are  caused  by  infection  cariied  by  air  directly  from  the  patient,  while  in 
others  the  poison  appears  to  exist  more  particularly,  if  not  altogether,  in  the 
discharges  from  the  patient.  In  the  former  class,  atmospheric  disconnection  is 
absolutely  necessary,  while  in  the  latter  it  becomes  more  important  to  take  pre- 
cautions with  regard  to  the  discharges. 

The  diseases  which  are  especially  communicated  by  infected  air,  or  by  infected 
clothing,  are  measles,  small  pox,  chicken-pox,  scarlet  fever,  and  diphtheria.  For 
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these  the  strictest  quarantine  must  be  observed  if  the  infection  is  to  be  limited  to 
the  room  occupied  by  the  suflFerer;  but  with  regard  to  small  pox  we  have  another 
means  of  protection  which  is  far  more  to  be  relied  upon  than  any  of  the  methods  to 
which  we  have  referred.    If  a  case  of  small  pox  occur  in  a  dwelling,  and  the  other 
members  of  the  house  be  properly  vaccinated  and  re-vaccinated,  so  far  as  they  are 
concerned  there  need  not  be  the  least  apprehension  that  the  disease  will  extend  If 
they  be  not  already  protected  in  this  way,  they  can  secure  themselves  against  the 
disease  by  bemg  xmmediately  vaccinated.    If  this  be  done  within  forty-ei^ht  hours 
of  the  hrst  exposure,  they  will  escape  the  disease;  but  if  another  twenty-four 
hours  elapse  the  disease  will  only  be  modified,  while  if  this  time  be  exceeded  the 
mvahd  will  pass  through  his  small  pox  in  the  same  manner  as  if  he  had  not 
been  vaccinated  at  all.    It  will  be  well  here  to  point  out  that  vaccination  should 
especially  under  these  circumstances,  be  done  directly  from  an  infant's  arm  or 
from  a  calf;  the  lymph  preserved  in  tubes  or  on  ivory  points  has  a  tendency  to 
deteriorate,  and  ought  not  to  be  trusted  to  unless  direct  vaccination  is  impossible 
Indeed,  the  very  fact  that  small  pox  should  at  any  time  occur  presupposes  an 
amount  of  negligence,  seeing  the  readiness  with  which  any  person  may  make 
himself  proof  against  this  disease.    The  object,  then,  of  isolating  in  a  house  a 
person  suflFering  from  small  pox  should  be  rather  to  prevent  the  infection  of 
susceptible  people  who  may  visit  the  house  during  or  after  the  illness,  and  over 
whom  the  family  have  no  control,  than  any  member  of  the  family  itself,  seeing 
how  readily  they  can  be  protected  by  vaccination.  '  " 

In  cases  of  scarlet  fever,  it  has  been  recommended  that  the  skin  should  be 
anointed  with  oil  to  prevent  small  particles,  which  are  so  freely  given  off  before 
the  end  of  this  disease,  from  being  earned  by  the  air  to  susceptible  persons.  If 
this  course  should  be  adopted,  it  must  not  be  allowed  to  interfere  with  the  most 
thorough  cleanliness  of  the  patient,  nor  must  it  be  trusted  to  the  exclusion  of 
other  precautions,  seeing  that  there  is  no  evidence  that  the  skin  alone  gives  off 
infection. 

The  fact  that  scarlet  fever  and  diphtheria  have  been  found  to  be  disseminated 
by  a  contaminated  milk-supply  is  a  reason  for  pointing  out  that  no  possible 
opportunity  should  be  given  for  the  infection  of  this  article  of  food,  although  it  is 
only  by  great  carelessness  that  such  an  occurrence  is  possible. 

Enteric  or  typhoid  fever,  or  gastric  fever,  as  it  has  lately  become  the  fashion 
to  call  this  disease,  is  one  in  which  the  poison  is  known  as  an  absolute  fact  to 
reside  chiefly  in  the  bowel-discharges,  and  there  is  an  absence  of  evidence  that  the 
disease  is  communicated  in  any  other  way  than  through  them.  In  this  disease, 
then,  there  is  perhaps  less  necessity  for  the  sick-room  to  be  cut  off  from  the  rest 
of  the  house  than  in  scarlet  fever,  small  pox,  diphtheria,  measles,  or  chicken-pox ; 
or  for  keeping  the  nurse  and  her  clothes  away  from  other  members  of  the  house- 
hold ;  but  the  fact  that  the  jDoison  is  situated  in  the  bowel-discharges  renders  the 
dealing  Avith  these  a  matter  deserving  of  every  possible  care. 

The  risk  that  these  discharges  will  communicate  the  disease  is  greatly  reduced  if 
proper  care  be  taken  to  dispose  of  all  of  them  without  delay,  and  if  precautions  are 
taken  to  prevent  soiled  linen  from  remaining  where  it  might  be  a  source  of  danger. 
But  one  fact  remains  :  the  excreta  of  a  person  suffering  from  enteric  fever,  if  intro- 
duced into  milk  or  drinking-water,  have  a  power  of  self-multiplication  which 
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enables  a  small  amount  of  matter  to  poison  a  large  number  of  persons.  No  better 
instance  of  this  can  be  given  than  that  of  the  outbreak  of  enteric  fever  in  the 
Caterham  Valley  in  the  year  1879,  where  a  deep  well  was  polluted  by  the  excreta 
of  a  man  suffering  fron/this  disease  while  engaged  in  its  repair,  resulting  in  the 
production  of  more  than  three  hundred  cases  of  enteric  fever  amongst  those  drink- 
ing the  water. 

The  precautions  which  must  be  taken  to  avoid  any  contamination  of  milk 
are  equally  necessary,  for  since  Dr.  Ballard  first  proved  that  an  outbreak  of 
enteric  fever  in  Islington  had  been  caused  by  milk  thus  infected,  other  groups 
of  cases  have  been  found  to  arise  in  the  same  way.  It  is  easy  to  understand 
that  any  one  engaged  in  attendance  on  a  person  suffering  from  enteric  fever 
could  by  carelessness  infect^  by  means  of  water  used  for  drinking  purposes  or 
milk  put  aside  for  the  same  use,  not  only  herself,  but  others  who  might  come  to 
swallow  it. 

Given,  then,  that  the  nurse  is  to  be  scrupulously  clean  in  her  dealings  with  her 
patient,  is  there  anything  she  can  do  beyond  to  prevent  the  excreta  from  proving 
dangerous  1 

This  brings  us  to  the  question  of  disinfectants.  It  has  already  been  stated  that 
we  have  the  excreta  cliiefly  to  fear  as  poison-carriers,  and  we  have,  therefore,  to 
direct  our  attention  to  the  best  method  of  dealing  with  the  excreta  themselves,  and 
with  articles  of  clothing  which  become  soiled  by  them. 

Now,  the  excreta  of  a  person  lying  on  his  back  with  enteric  fever  are  necessarily 
received  in  the  first  instance  into  a  bed-pan,  and  here  is  presented  the  earliest 
opportunity  of  dealing  with  them.  Some  disinfectant  should  be  placed  in  the  pan 
before  being  used,  while  the  surface  of  the  contents  should  be  immediately  after- 
wards sprinkled  over  with  more  disinfectant.  The  bed-pan  should  always  be 
emptied  at  once,  and  then  washed  with  scrupulous  care  before  being  put  away. 
Directly  the  contents  of  the  bed-pan  have  been  emptied  down  the  water-closet,  the 
latter  should  be  thoroughly  flushed  and  cleansed,  and  the  drain  disinfected.  This 
is  the  best  method  of  dealing  with  the  excreta  of  a  person  suffering  from  enteric 
fever.  If  every  possible  care  is  taken  to  disinfect  them,  and  the  other  precautions 
mentioned  be  taken,  there  is  every  probability  that  the  other  inmates  of  the  house 
will  be  perfectly  safe,  provided  the  drains  of  the  house  are  correctly  made. 

But  the  last  supposition  implies  a  great  deal  more  than  most  houses  can  comply 
with,  for  in  no  house  could  enteric  fever  be  treated  with  certain  safety  to  the  other 
occupants,  if  opportunity  exist  for  the  excreta  to  remain  about  the  water-closet 
itself,  or  the  drains  leading  from  it,  or  if  opportunity  be  given  for  the  air  of  the 
drain,  which  is  more  or  less  charged  with  infection  by  the  passage  through  it  of  the 
excreta,  or  the  possible  retention  in  it,  for  awhile,  of  some  portion  of  them,  to  pass 
into  the  house,  either  through  some  faulty  joint  or  through  the  trapping-water  of 
an  unventilated  drain. 

Now,  all  these  conditions  may  and  do  occur  in  very  many  existing  houses. 
Wlierever  are  to  be  found  water-closets  of  the  "  container"  kind,  there  is  consider- 
able probability  that  infectious  material  will  hang  about  the  container;  and  a-ain 
in  the  majority  of  houses  there  is  no  opportunity  for  a  current  of  air  to  pass 
through  the  soil-pipe,  and  thus,  owing  to  the  retention  of,  perhaps,  only  some  very 
small  amount  of  infectious  matter,  the  air  of  the  soil-pipe  becomes  charged  with 
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infection,  and  the  trapping-water  fails  to  prevent  some  i^ortion  of  the  air  enterin.. 
the  house.  ° 

Not  uncommonly  there  is  found  in  connection  with  unventilated  soil-pipes  a 
trap  at  the  bottom  of  the  soil-pipe,  where  the  excreta  remains  for  a  considerable 
time  before  escaping  into  the  main  drain  of  a  house.  There  is  no  doubt  that  their 
retention  in  such  a  situation,  under  these  circumstances,  is  a  very  ready  source  of 
danger. 

Another  risk  in  connection  with  the  treatment  of  this  disease  in  houses  may  be 
briefly  pointed  out-viz,  the  possibility  of  the  water-supply  being  poisoned  by  some 
connection  between  it  and  the  water-closet  or  drain  which  has  received  the  excreta 
of  an  enteric-fever  patient. 

In  many  houses  . the  waste-pipe  of  the  cistern  opens  directly  into  the  drain  and 
thus  an  up-current  may  carry  up  the  waste-pipe  and  into  the  cistern  particles  of 
poisonous  matter  which  will  infect  the  whole  volume  of  water,  and  when  this 
happens  to  be  used  for  drinking  purposes,  the  extension  of  disease  is  a  practical 
certainty.  This  arrangement  of  the  waste-pipe  has  already  been  sutBciently 
condemned,  and  it  will  not  be  necessary  to  refer  to  it  further  here. 

One  other  danger  must  be  mentioned  before  this  subject  is  concluded— viz 
the  possibility  of  infection  of  drinking-water  through  the  supply-pipe  to  the  pan  of 
the  water-closet.  It  has  been  laid  down  as  an  axiom  that  the  pan  should  be  supplied 
by  a  pipe  coming  from  a  separate  cistern,  devoted  solely  to  supplying  water-closets 
with  flushing-water,  and  never  giving  water  for  any  other  purpose ;  unfortunately 
this  rule  is  not  invariably  carried  out,  and  in  a  large  number  of  houses  a  possibility 
exists,  under  certain  circumstances,  for  the  poison  to  be  sucked  up  the  supply-pipe 
into  the  cistern,  or  into  the  mains  which  also  give  off  branches  for  supplying  water 
for  drinking  purposes.  This  is  especially  a  danger  when  houses  have  what  is  known 
as  a  "constant  service."  With  a  constant  supply  there  are  no  cisterns  for  the 
storage  of  water,  and  the  houses  should  be  merely  provided  with  an  intercepting 
supply  cistern  to  each  water-closet.  When,  however,  these  intercepting  cisterns  do 
not  exist,  a  considerable  risk  is  encountered.  While  the  pressure  in  the  supply- 
pipes  is  maintained,  there  is  necessarily  a  tendency  to  discharge  into  the  pan  any 
poisonous  matter  which  might  collect  at  the  mouth  of  the  supply-pipe  at  the  pan ; 
but  if  for  any  purpose,  such  as  repairing  the  mains  or  the  engines  keeping  up  the 
supply  in  the  reservoirs,  this  supply  is  interrupted,  a  backward  current  into  the 
mains  is  likely  enough  to  take  place,  and  by  this  means  any  matter  situated  on  the 
mouth  of  the  supply-pipe  to  the  pan  is  taken  into  the  mains,  where  it  has 
opportunity  for  poisoning  a  large  volume  of  water,  some  of  which  is  afterwards 
discharged  along  the  supply-pipes  to  situations  where  it  comes  to  be  used  for  drinking 
purposes.  These  are  the  risks  which  are  ordinarily  encountered  in  houses  which 
have  not  been  constructed  in  the  best  way,  but  it  will  be  understood  that  if  proper 
precautions  are  taken  enteric  fever  may  be  treated  in  a  house  occupied  by  other 
people  with  far  less  risk  than  any  of  the  other  infectious  diseases. 

The  early  isolation  of  infectious  cases  will  be  frequently  attended  with  success, 
but  it  will  be  obvious  that  unless  the  isolation  be  begun  early,  the  mischief  may 
already  be  done;  indeed  it  is  sometimes  a  question  whether,  if  they  have  been 
sleeping  together,  it  is  worth  while  to  separate  a  child  suffering  from  measles 
from  his  brothers  and  sisters,  for  the  rash  does  not  make  its  appearance  until 
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after  three  days'  illness,  and  the  child  is  undoubtedly  infectious  before  the  rash 
appears.  It  often  occurs,  therefore,  that  other  children  who  have  been  associated 
with  him  have  already  received  infection  before  they  can  be  separated,  although 
they  may  not  show  signs  of  illness  until  ten  or  fourteen  days  later. 

Children  suffering  from  whooping-cough  could  doubtless  be  isolated  in  the  same 
way  as  persons  suffering  from  the  other  infectious  diseases  ;  but  when  the  length 
of  time  during  which  they  would  have  to  be  secluded  is  taken  into  consideration, 
such  quarantine  becomes  practically  an  impossibility.  Precautions  should,  neverthe- 
less, be  taken  to  keep  children  with  whooping-cough  away  from  others. 

The  next  question  which  arises  is  that  of  determining  the  length  of  time  during 
Avhich  it  is  necessary  the  sick  person  should  be  thus  separated  from  his  fellows — a, 
question  which  it  is  not  easy  to  answer  definitely.  This  must,  of  course,  be  settled 
in  each  individual  case,  but  it  may  be  stated  generally  that  no  person  ought  to 
be  permitted  to  break  his  quarantine  until  he  has  thoroughly  recovered  from  his 
illness,  and  has  shed  every  scab  and  scale  that  he  has  had  about  him,  and  has,  more- 
over, had  at  least  half  a  dozen  baths.  It  is  common  enough  to  find  in  scarlet  fever 
that  a  period  of  six  weeks  elapses  between  the  beginning  of  the  illness  and  the 
termination  of  the  shedding  of  the  skin,  in  some  cases  this  last  process  not  com- 
mencing till  the  sixth  week,  and,  from  time  to  time,  persons  have  been  known 
to  communicate  scarlet  fever  to  others  after  eight  weeks  had  elapsed  from  the 
beginning  of  the  illness. 

The  same  rule  must  apply  to  small  pox,  the  thorough  removal  of  all  scabs  being 
the  best  guide  on  this  point.  In  measles  the  period  of  infectiousness  appears  to  be 
shorter ;  and  a  month  is  usually  sufficient  to  ensure  the  freedom  from  infection  of 
an  average  case.  For  enteric  fever  it  may  be  accepted  that  as  soon  as  the  invalid 
is  strong  enough  to  associate  with  other  people,  he  may  be  permitted  to  do  so,  but 
for  typhus  fever  and  diphtheria  a  longer  time  is  necessary. 
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CHAPTER  XC. 

DISINFECTION. 

Value  of  Disinfectants— Disinfection  of  Clothing,  Bedding,  and  Room. 
Before  closing  this  section,  it  is  necessary  to  make  some  reference  to  disinfectants  • 
and  the  first  point  to  be  noted  is  the  utter  worthlessness  of  most  of  the  materials  to 
which  this  name  is  given.    It  is  common  enough  to  find  one  or  more  small  saucers 
placed  about  the  sick-room,  and  containing  some  substance  which  is  believed  to  have 
some  influence  in  preventing  disease,  but  which  either  has  no  action  at  all  or 
whose  influence  is  limited  to  making  an  odour  which,  by  its  strength,  overpowers  'any 
other  odour  that  maybe  produced  in  the  room;  or  it  may  have  an  influence  in 
preventing  decomposition  if  any  animal  substance  fall  into  it;  or,  again,  it  may 
even  act  as  a  destroyer  of  infection  if  the  infective  particles  should  come  ill  contact 
with  It,  but  the  extent  to  which  it  is  useful  in  this  respect  is  so  limited  that  it 
IS  hardly  worth  while  to  set  such  a  trap  to  catch  the  few  "germs "  which  thus  may 
perhaps  be  destroyed.    The  average  so-called  disinfection  is  a  delusion,  and  the 
amount  of  money  which  is  squandered  upon  buying  substances  which  are  called 
disinfectants  had  often  far  better  be  spent  in  soap  and  water. 

Very  many  of  the  substances  sold  as  disinfectants  are  useful  as  deodorants  or 
antiseptics,  and  to  this  extent  may  be  relied  upon ;  but  it  will  not  do  to  assume 
that  everything  that  prevents  smell  or  prevents  decomposition  will  necessarily 
destroy  an  organism  which  already  exists. 

It  is  a  matter  for  very  considerable  regret  that  there  is  so  little  exact  know- 
ledge on  the  subject  of  disinfection,  particularly  because,  for  want  of  it,  people 
are  constantly  relying  upon  processes  which  are  absolutely  valueless,  and  which 
tend  to  give  them  a  false  sense  of  security.  The  only  trustworthy  method  of 
estimating  the  value  of  any  substance  as  a  disinfectant  is  to  mix  it  in  known 
quantities  with  another  substance  which  we  know  without  it  would  give  rise  to 
disease ;  and  then,  by  direct  experiment,  to  learn  whether  the  action  is  prevented 
by  this  admixture.  A  limited  number  of  experiments  in  this  sense  have  been 
conducted  by  Dr.  Buchanan  Baxter.  It  would  be  out  of  place  here  to  discuss  them 
m  detail,  but  we  will  note  that  permanganate  of  potash  (Condy's  fluid)  rendered 
vaccine  lymph  inert  when  the  mixture  of  lymph  and  permanganate  contained  -5  per 
cent,  of  the  latter.  So,  again,  when  free  chlorine  to  the  extent  of  -1633  per  cent, 
was  introduced  into  the  inoculated  lymph,  this  proved  barren;  carbolic  acid,  in 
the  proportion  of  2  per  cent,  had  the  same  result. 

Exposure  of  dry  lymph  to  chlorine  gas  for  thirty  minutes  rendered  the  former 
inert,  to  sulphurous  acid  for  ten  minutes,  and  to  vapour  of  carbolic  acid  for  sixty 
minutes.  Experiments  with  the  virus  of  infective  inflammation  showed  that 
carbolic  acid  in  the  proportion  of  1  per  cent,  or  more,  sulphurous  acid  in  that 
of  2-9  per  cent,  or  more,  and  permanganate  of  potash  in  that  of  'OS  per  cent, 
or  more,  are  capable  of  so  modifying  the  virus  as  to  deprive  it  of  all  infective 
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power.  Similar  experiments  with  glanders  poison  appear  to  show  that  its  infective 
power  was  destroyed  by  the  addition  of  2  per  cent,  of  carbolic  acid,  or  of  '4 
per  cent,  of  sulphurous  acid. 

These  are  the  minimum  proportions  which  have  proved  of  any  value.  The 
absurdity,  therefore,  of  trusting  to  the  emanations  given  oflf  by  little  saucers  or 
trays  full  of  these  materials  placed  about  a  sick-room  is  sufficiently  obvious. 
Disinfection  thoroughly  carried  out  is  doubtless  of  value,  but,  as  will  be  seen, 
the  value  is  dependent  upon  thoroughness. 

In  practice,  we  have  to  deal  with  two  sets  of  circumstances — the  one,  where  the 
sick  person  is  alive  and  still  HI ;  the  other,  where  death  or  recovery  have  terminated 
.the  illness.  In  the  former,  it  is  impossible  for  us  so  far  to  impregnate  the  air  of  the 
sick-room  as  to  destroy  the  infection  which  is  being  given  off  by  the  invalid,  without 
•doing  him  considerable  injury.  We  must,  therefore,  limit  ourselves  to  dealing  with 
infectious  articles — such  as  his  excreta,  soiled  linen,  &c.,  as  well  as  the  garments  of 
those  who  are  in  attendance  upon  him.  All  linen  should  be  steeped  in  a  solution  of 
carbolic  acid  and  water.  Carbolic  acid  is  of  varying  strength.  That  generally 
vised  is  Calvert's  No.  5,  which  before  mixture  contains  98  per  cent,  of  acid.  One 
table-spoonful  of  the  liquid  acid  in  a  pint  of  warm  water,  or  half  a  tea-cup  in  a 
gallon,  is  a  proper  proportion  for  this  purpose. 

The  excreta  and  linen  soiled  may  be  deposited  in  a  solution  of  sulphate  of  iron 
(green  vitriol),  made  by  dissolving  one  ounce  of  the  sulphate  in  a  pint  of  water.  The 
sheet  hung  over  the  door,  to  which  reference  has  already  been  made,  may  also  with 
-advantage  be  kept  moistened  with  carbolic  acid,  of  the  same  strength  as  that  in 
which  linen  is  to  be  steeped,  and  the  water-closet  should  be  flushed  with  the  same 
material. 

The  disinfection  of  the  room  at  the  conclusion  of  the  illness  can  be  best  effected 
by  burning  on  an  iron  tray  a  quantity  of  flowers  of  sulphur,  from  a  quarter  to  half 
ii  pound  being  sufficient  for  an  ordinary  bed-room  ;  but  before  this  is  done  the  fire- 
place must  be  closed,  and  the  cracks  in  the  window-sills  pasted  up  to  prevent  the 
escape  of  the  fumes,  A  live  coal  is  then  dropped  upon  the  sulphur  and  the  door 
closed  and  pasted  up  in  the  same  manner  as  the  windows,  and  the  room  left  in  this 
condition  for  some  hours.  Subsequently  the  windows  are  opened,  and  left  open  for 
two  or  three  days  and  nights,  the  walls  stripped  of  their  paper,  and  the  floor,  paint, 
walls,  and  ceiling  thoroughly  cleansed,  so  that  no  hole  or  corner  shall  remain  in  which 
-dirt  may  linger.  Everything  in  the  room  must  be  regarded  as  infectious ;  chests  of 
drawers  must  be  opened,  cleared  of  their  contents,  and  the  interior  of  the  drawers 
and  cupboards  exposed  to  the  action  of  the  sulphur  fumes ;  all  linen  articles  will,  o£ 
course,  be  treated  as  already  described,  but  beds  and  woollen  material  must  be 
separately  dealt  with.  For  these  there  is  no  other  remedy  than  that  of  heat,  and 
either  the  aid  of  the  sanitary  authority  of  the  district  should  be  called  in  for  this 
purpose,  or  the  articles  should  be  sent  to  one  of  those  firms  who  make  disinfection 
their  business,. or  else  they  should  be  destroyed  by  fire. 

We  have  referred  to  thoroughness  of  disinfection  being  necessary,  but  this  word 
must  not  be  limited  in  its  application  to  the  character  of  the  disinfectant  or  the  length 
of  time  during  which  it  is  permitted  to  act  upon  the  infected  article;  it  is  equally 
important  that  no  single  garment,  book,  or  toy  should  escape  this  treatment.  It  is 
the  constant  experience  of  those  who  have  to  do  with  infectious  persons  to  know  of 
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fa.nihes  being  inconvenienced  by,  and  money  expended  upon,  the  disinfection  of  a 
house,  and  for  .some  small  object  to  escape  from  the  purification  to  which  everything 
else  was  subjected,  and  for  disease  to  recur  as  the  result  of  thi«  omission.  Thus  it 
IS  recalled  to  the  writer's  recollection  how,  on  one  occasion,  a  child's  whip  throu-h 
such  an  accident  gave  rise  to  a  fatal  attack  of  scarlet  fever  in  a  younger  brother \f 
the  child  who  was  first  attacked.  Life  is  too  easily  destroyed  by  this  unseen 
poison,  to  warrant  the  least  negligence  in  the  important  duty  of  disinfecting  an 
infected  house.  "  ° 

We  have  discussed  the  precautions  which  are  to  be  taken  to  prevent  the  sufierer 
during  his  convalesence  from  giving  rise  to  further  disease  amongst  his  house-mates- 
we- may  also  have  to  consider  how  the  latter  may  be  still  protected  should  his  illness 
end  m  death.  On  this  point  little  need  be  said,  but  wisdom  teaches  us  we  should 
not  clmg  too  fondly  to  all  that  is  left  of  our  companion,  or  delay  too  long  its  removal 
to  the  earth,  which  sooner  or  later  must  claim  us  all. 

In  our  varying  climate  it  is  impossible  to  lay  down  any  hard  or  fast  rule  as  to 
when  burials  should  take  place,  but  it  is  well  that  the  few  hours  which  intervene 
between  death  and  the  grave  should  be  as  short  as  possible.  If  death  have  resulted 
from  an  infectious  illness,  it  is  very  desirable  that  it  should  be  recollected  that  in- 
fection will  still  remain  about  the  body,  and  that  its  removal  to  another  room  than  that 
already  infected  will  increase  the  risk  to  others.  It  is  far  better  for  it  to  remain 
where  death  has  taken  place.  There,  in  a  cool  room,  with  the  windows  open  and  with 
the  door  closed,  there  is  least  opportunity  for  harm  to  happen,  an  opportunity  which 
is  further  diminished  by  the  early  closing  of  the  coffin  which  receives  the  dead. 

It  is  by  being  prepared  that  we  may  best  be  able  to  cope  with  the  illness  which  is 
sure  sooner  or  later  to  invade  our  most  healthy  home ;  and  by  knowing  how  we 
ought  to  tend  the  sick  we  may  give  him  the  greatest  aid  to  recovery,  while  we 
prevent  other  inmates  of  the  house  from  sharing  his  misfortune. 

If  this  duty  be  undertaken  thoughtfully  and  intelligently,  we  shall  go  far  to  make 
the  home  that  place  of  safety  from  ill  health  which  it  is  the  intention  of  our  book  to 
create. 


LEGAL  LIABILITIES. 

By  Thomas  Eocleston  Gibb. 


CHAPTER  XCI. 

Eates  and  Taxes :  by  whom  they  are  made  and  collected,  and  for  what  purposes  they  are  applied — 
Valuation  of  Property  for  Assessing  Eates  and  Taxes — Gas  and  Water  Eates — Eoads  and  Sewers — 
Liabilities  under  Leases  and  Annual  and  Shorter  Tenancies. 

The  term  rates  is  usually  applied  to  imposts  raised  for  local  purposes,  and  taxes 
to  such  are  raised  for  Imperial  purposes,  -althougli  rates  are  also  generally  spoken 
of  as  local  taxation.  The  rate  for  the  Eelief  of  the  Poor  is  the  basis  of  all  other 
rates,  and  is  the  oldest  form  of  local  rate  in  England.  Its  history  may  be  traced  to 
the  Anglo-Saxon  period,  but  the  foundation  of  the  present  system  of  poor  rates  and 
poor  laws  is  generally  dated  from  the  reign  of  Elizabeth.  The  churchwardens  and 
overseers  of  every  parish  in  England  and  "Wales  were  directed  by  the  Act  of 
Elizabeth  to  put  to  work  those  of  the  poor  who  could  work,  to  apprentice  children, 
and  to  find  necessaries  for  the  poor,  lame,  impotent,  and  blind ;  and  they  were  further 
directed  to  tax  every  inhabitant  and  occupier  of  property,  to  meet  the  expenses 
incurred,  according  to  their  ability  to  pay. 

The  Borough  Rate  leviable  under  the  Municipal  Corporations  Act  is  made 
upon  the  parishes  or  townships  in  the  boroughs  according  to  a  certain  pound  rate 
fixed  from  time  to  time  by  the  council,  on  the  full  and  fair  annual  value  of  the 
lands,  tenements,  and  hereditaments  rateable  to  the  relief  of  the  poor  therein,  in  like 
maimer  as  the  County  Rate.  The  council  may  order  the  overseers  to  pay  a  Borough 
Rate,  or  a  "  Watch  "  or  Police  Rate  out  of  the  Poor  Rate,  or  to  make  a  separate  rate 
for  that  purpose.  In  like  manner  the  rates  made  for  School  Boards,  Burial  Boards, 
Baths  and  Washhouses,  Public  Libraries  and  Museums,  and  for  paving,  lighting,  and 
sewerage,  are  levied  by  or  in  the  same  manner  as  Poor  Rates  are  levied,  by  overseers. 

The  term  Poor  Rate  always  includes  more  than  simply  the  expenditure  for  the 
relief  of  the  poor.  For  example,  such  expenses  as  are  incurred  in  the  registration 
of  Parliamentary  voters  in  counties  and  boroughs,  the  making  of  Jury  Lists,  the, 
registration  of  births,  marriages,  and  deaths,  the  enforcement  of  the  compulsory 
vaccination  laws,  are  always  payable  out  of  the  Poor  Rate.  Beyond  these  many 
other  liabilities — as  the  expenses  of  Highway  Boards,  County  Justices,  Commis- 
sioners of  Baths  and  Washhouses,  Burial  Boards,  Sanitary  Authorities,  Lighting 
and  Watching  Authorities,  and  School  Boards — are  in  some  cases  charged  upon  the 
ratepayers  as  "  Poor  Rates,"  instead  of  as  separate  rates.  There  are  in  England  and 
Wales  more  than  27,000  separate  authorities  exercising  some  description  of  control 
over  the  making,  collection,  and  expenditure  of  rates  amounting  to  fifty  million 
pounds  (£50,000,000)  sterling  per  annum,  and  it  is  just  as  impossible  to  give  any 
clear  detailed  description  of  the  various  functions  of  these  authorities,  as  it  would 
be  to  make  such  a  description  interesting  to  the  general  reader. 
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Eatopajers  too  often  look  upon  the  payment  of  rates  as  a  burden,  and  not  as  a 
means  of  obtaining  in  the  readiest  way  many  of  the  principal  advantages  of  civilised 
life.  A  glance  at  the  purposes  for  which  rates  are  made,  will  suggest  the  loss  which 
every  one  would  suffer  if  the  state  of  society  were  such  that  these  purposes  had  to 
be  provided  for  by  individual  effort,  even  if  such  a  state  of  society  were  possible 
The  County  Rates  and  Police  Rates  provide  for  the  control  and  custody  of  criminals 
and  lunatics;  the  Poor  Rate  proper  provides  for  the  relief  of  the  sick  and  acred  poor 
and  the  maintenance  and  education  of  destitute  children;  the  Borough  °Rate  ki 
Corporate  Towns  and  the  Metropolis  Management  Rates  in  London  provide  for  such 
requirements  as  paving,  sewerage,  lighting,  water  supply,  cleansing  and  improve- 
ment of  thoroughfares,  the  execution  of  sanitary  regulations,  the  establishment  and 
mamtenance  of  pubHc  buHdings,  works,  markets,  museums,  libraries,  the  supervision 
of  food  supply  and  of  weights  and  measures,  and  many  other  matters;  Burial 
Board  Rates  provide  for  public  cemeteries ;  and  rates  provide  also  for  baths  and 
washhouses,  docks,  harbours,  navigations,  embankments,  maintenance  of  Hghways 
bridges,  &c.,  and  for  education.  ' 

Imperial  taxation  has  the  advantage  of  uniformity,  at  least  in  the  mode  of  its 
assessment  and  collection,  although  open  to  some  of  the  same  objections  as  local 
taxation  as  regards  its  incidence.  The  term  « Imperial  Tax"  may  be  fairly  defined 
as  expressing  the  exaction  of  money  from  the  individual  for  the  service  of  the  State 
as  distinct  from  a  rate  being  the  exaction  of  money  for  the  purposes  of  the  locality 
in  which  the  individual  is  placed.  There  are,  however,  so  many  Imperial  necessities 
provided  for  by  local  rates,  and  so  many  local  requirements  paid  for,  or  partly  paid 
for,  out  of  Imperial  taxes,  that  a  complete  definition  of  tax  as  distinct  from  rate  is 
not  possible. 

Chancellors  of  the  Exchequer  have  vied  with  each  other  in  the  effort  to  make 
taxation  a  practical  art.  As  Turgot  said,  "the  art  of  plucking  the  goose  without 
making  it  cry."  Indii'ect  taxation  is  the  chief  expedient  to  this  end.  Indirect 
taxation  is  a  duty  levied  upon  an  article  before  it  reaches  the  consumer.  The  merit 
of  this  system  is  that  the  immediate  burden  of  the  tax  does  not  fall  upon  the  person 
who  pays  it,  but  he  acts  merely  as  a  collector  from  the  consumer  for  the  State.  Tea, 
tobacco,  and  wine  duties  are  levied  upon  the  importers,  and  the  only  check  to  this 
source  of  revenue  is  that  an  excessive  duty  may  limit  the  consumption  of  the  article 
so  as  to  reduce  the  revenue,  No  doubt  indirect  taxation  on  luxuries,  and  especially 
on  those  which  may  be  used  to  vicious  excess,  has  strong  recommendations.  A  tax 
on  the  necessaries  of  life  cannot  in  any  way  be  good  for  the  individual,  as  it  is  a 
tax  which  he  cannot  avoid,  and  which  increases  in  its  oppression  with  the  increase 
of  his  necessities.  The  tax  on  salt  was  one  of  the  chief  causes  of  the  French  Revo- 
lution, and  the  agitation  which  preceded  the  repeal  of  the  Corn  Laws  in  England 
was  one  of  the  most  anxious  times  for  English  politicians.  The  happiest  condition 
for  the  revenues  of  a  country  is  when  luxuries  are  so  abundantly  used  by  all  classes 
that  a  small  addition  to  their  price  is  a  slight  burden,  yet  yields  a  large  revenue. 
In  this  country  the  revenue  thus  derived  exceeds  thirty  millions  per  annum. 

The  chief  taxes  which  now  form  the  revenue  are  (1)  assessed  taxes,  (2)  property 
and  income-tax,  (3)  customs  duties,  (4)  excise  duties,  (5)  stamp  and  post-office,  and 
(6)  land  tax.  Assessed  taxes  are  taxes  leviable  upon  inhabited  houses,  and  upon 
servants,  carriages,  horses,  armorial  bearings,  (fee.     Property  and  Income  Taxes  are 
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•direct  taxes  levied  upon  the  receipts  derived  by  the  individual  from  houses,  lands, 
trade,  office,  or  employment.  Customs  duties  represent  the  tax  upon  commodities 
imported  from  abroad,  and  form  a  large  source  of  the  revenue  of  the  country.  The 
right  of  the  Crown  to  certain  imposts  by  custom  shows  the  origin  of  the  term,  but 
since  the  control  of  this  part  of  the  taxation  has,  like  the  rest,  come  to  be  dealt  with 
by  Parliament,  and  since  free  trade  legislation  has  cleared  away  a  gi-eat  mass  of  the 
burden  on  the  commerce  of  the  country,  customs  duties  have  ceased,  to  a  large  extent, 
to  act  as  a  prohibition  or  discouragement  of  the  importation  of  necessary  com- 
modities, and  have,  by  the  simplification  and  reduction  of  tariffs,  suppHed  an  enormous 
amount  of  the  revenue.  The  Excise  is  nommally  a  tax  upon  a  commodity  mt 
o/ before  the  article  reaches  the  consumer— a  drawback  from  the  price  which  the 
consumer  is  required  to  pay  upon  the  manufactured  article.  The  chief  source  of 
revenue  under  this  head  is  the  duty  upon  alcoholic  liquors.  Many  excise  duties  have 
of  late  years  been  abolished.  Stamp  duties  and  postal  charges  are  a  convenient 
mode  of  raising  revenue  by  the  legal  acknoAvledgment  of  private  deeds  and  instru- 
ments of  every  description,  and  by  the  transmission  of  private  communications. 
This  is  a  comparatively  modern  contrivance  for  raising  revenue,  having  been  first 
instituted  in  the  reign  of  William  and  Mary.  Land  tax  is  an  old  description  of 
tax  of  most  irregular  incidence.  It  is  imposed  on  houses  and  land,  and  has  taken 
the  place  of  ancient  subsidies  formerly  kno^vn  as  scutages,  talliages,  tenths,  &c. 

The  principle  of  valuing  property  for  the  purposes  of  assessing  rates  and  taxes 
upon  the  mdividual,  is  the  same  for  all  purposes,  both  Imperial  and  local,  except 
that  Imperial  taxes  are  levied  upon  the  "gross  value,"  or  "  gross  estimated  rental  " 
or  gross  "  annual  value,"  which  is  the  rental  value  exclusive  of  rates  and  taxes  but 
inclusive  of  the  cost  of  maintaining  the  property ;  whereas  the  local  rates  are  levied 
upon  the  "  rateable  value,"  or  the  net  "  annual  value,"  which  differs  from  the  hic^her 
value  by  excluding  the  cost  of  maintenance,  insurance,  &c.  This  may  be  most 
simply  Illustrated  by  examples.  Three  houses,  structurally  equal,  and  in  all  other 
respects  of  equal  value  for  the  purposes  of  rates  and  taxes,  may  be  let  in  various 
ways  ■  but  most  commonly  they  would  be  let  in  one  of  the  following  ways,  subiect 
ot  course,  to  other  conditions  as  might  be  as-reed  •  o     j  ,      j  , 


1. 

The  landlord  undertakes  : 
(a)  To   give    possession  in 

consideration  of  rent. 
(5)  To  keep  the  premises  in 
repair  and  to  pay  insur- 
ance. 

(c)  To  pay  all    rates  and 

taxes. 
The  tenant  undertakes  : 

(d)  To  pay  rent. 


CONDITIONS  OP  TENxiNOY 
2. 

The  landlord  undertakes  : 

(a)  To   give    possession  in 

consideration  of  rent, 
(i)  To  keep  the  premises  in 
repair  and  to  pay  insur- 
ance. 

T/te  tenant  undertakes  : 
(e)  To  pay  all   rates  and 

taxes. 
(d)  To  pay  rent. 


3. 

The  landlord  undertakes  : 
(a)  To  give   possession  in 
consideration  of  rent. 
The  tenant  undertakes  : 
{b)  To  keep  the  premises  in 
repair   and  pay  insur- 
ance. 

(c)  To  pay  all   rates  and 

taxes. 
id)  To  pay  rent. 


mie  first  case  illustrates  the  usual  conditions  upon  which  propertv  i.  Ipf  f 
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insurance,  being  taken  at  <£60  per  annum,  the  valuation  for  the  purpose  of  assessing 
rates  and  taxes  may  be  thus  shown  : — 

In  the  first  case  the  valuation  is  arrived  at  thus  : 

Rent  paid  to  landlord  ....  £60 

Deduct  rates  and  taxes  included  in  rent, 
and  upon  -which  rates  and  taxes  can- 
not again  he  charged      .       .  .15 

£45    Gross  value  upon  which  Imperial  taxes  are  assessed. 
Deduct  repairs  and  insurance     .      .  7 

£38    Eateahle  value  upon  which  local  rates  are  assessed. 

In  the  second  case  thus  : 

Eent  paid  to  landlord  ....  £45  Gross  value  upon  which  Imperial  taxes  are  assessed. 
Deduct  repairs  and  insurance      .       .  7 

£38    Eateahle  value  upon  which  local  rates  are  assessed. 

In  this  case  the  total  paid  by  the  tenant  is,  as  in  the  former,  £60,  viz.  : 

To  the  landlord  £45 

For  rates  and  taxes  paid  hy  tenant     .       .  ,  .15 

£60 

In  the  third  case  the  valuation  is  made  thus  : 

Eent  paid  to  landlord  ....  £38    Eateahle  value  upon  which  local  rates  are  assessed 
Add  repairs  and  insurance  which  are 
eluded  in  "  gross  value  "  .       .       .  7 

£45    Gross  value  upon  which  Imperial  taxes  are  assessed. 

In  this  case  the  total  paid  by  the  tenant  is  the  same  as  in  the  two  previous 
cases,  viz.,  £60  : 

To  the  landlord  £38 

For  repairs  and  insurance  7 
For  rates  and  taxes  15 

£60 

It  is  assumed  in  each  of  these  illustrations  that  the  rent  paid  is  a  fair  one  in  con- 
sideration of  the  conditions  named  ;  and  therefore,  if  the  reader  compares  the  assess- 
ment of  his  own  house  with  what  is  said  above,  he  must  further  consider  whether 
the  rent  paid  under  lease,  agreement,  or  short  tenancy  is  the  fail-  rent  of  the  premises 
at  the  present  time.  It  may  be,  for  example,  that  a  house  may  be  held  on  a  lease 
granted  many  years  ago,  or  under  other  conditions  so  favourable  to  the  tenant  that 
the  rent  paid  under  the  lease  does  not  represent  tlie  actual  value  if  the  premises 
were  now  in  the  market.  It  is  on  this  point  that  the  chief  difficulties  arise  in 
assessing  property  for  the  purposes  of  rates  and  taxes.  The  duty  put  upon  the 
authorities  is  to  assess  according  to  the  value  at  the  time  the  valuation  is  made ;  and 
the  usual  objection  of  the  occupier  is  that  the  rent  he  pays,  and  has  paid,  perhaps, 
for  many  years,  and  under  much  less  favourable  conditions  than  now  exist,  is  a  fair 
rent,  notwithstanding  it  may  be  urged  that  other  similar  property  has  recently  been 
let  at  much  higher  rentals,  and  that  it  would  be  unjust  for  the  new  tenants  in  a 
district  to  be  taxed  higher  to  meet  the  deficiencies  in  the  amounts  paid  by  the 
old  or  more  favoured  tenants. 

Under  the  provisions  of  the  Parochial  Assessment  Act,  the  Union  Assessment 
Act,  the  Valuation  (Metropolis)  Act,  and  other  such  Acts,  the  valuation  of  property 
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is  made  by  overseers  of  the  poor,  with  or  without  professional  assistance,  and  the 
values  ascertained  by  them,  frequently  under  the  most  crude  and  unsatisfactory 
•conditions,  are  inserted  in  Valuation  Lists.  These  lists  are  subject  to  revision  by 
Assessment  Committees,  appointed  generally  by  Boards  of  Guardians,  but  in  a  few 
cases  by  other  bodies ;  and  their  decisions  may  again  be  revised  by  the  local 
justices,  or  by  the  High  Court  of  Justice.  In  the  metropolis,  and  in  other  largely  . 
populated  areas,  the  Avork  is  well  done,  considering  the  drawbacks  inherent  in  the 
complicated  system  devised  for  doing  it;  but,  in  many  parts  of  the  country  the 
Valuation  Lists  are  most  unsatisfactory.  The  Assessment  Committees  take  little 
trouble.  No  objections  are  made  in  many  cases,  because  every  one  is  originally 
assessed  by  the  overseers  at  much  lower  than  he  ought  to  be  ;  and  all  the  Union 
Committees  strive  after  is  to  prevent  one  parish  being  assessed  considerably  below 
what  it  ought  to  be,  and  so  as  to  be  disproportionate  with  the  other  parishes  of  the 
Union.  In  some  parishes,  the  gross  estimated  rental  represents  fairly  the  rental 
value  for  the  purposes  of  Imperial  taxes,  and  the  Assessors  and  Surveyors  of  Taxes 
take  the  figures  of  the  Valuation  List  for  the  purposes  of  the  assessment  for 
Imperial  taxes  j  in  other  dis-tricts  the  gross  estimated  rental  is  but  two-thirds,  and 
even  one-half,  and  in  individual  cases  not  more  than  one-third  what  it  ought  to  be, 
and  the  Valuation  List  is  ignored  for  the  purposes  of  Imperial  taxes,  or  if  it  is 
taken,  as  is  the  case  sometimes,  as  a  basis,  the  result  is  that  the  district  is  largely 
favoured  as  regards  its  contributions  to  the  Imperial  Exchequer  through  the  neglect, 
ignorance,  or  design  of  its  local  overseers  and  assessment  committees.  There  is  no 
doubt  that  this  bad  administration  of  the  law  leads  to  unfairness,  by  forcing  the 
trading  classes  of  large  towns,  who  contribute  most  largely  to  both  local  and 
Imperial  taxation,  to  pay,  in  addition  to  their  own  heavy  bui-dens,  a  part  of  those 
which  ought  to  be  borne  by  others. 

The  Valuation  Acts,  as  in  force  in  the  metropolis,  contain  many  improvements 
on  the  Acts  as  applicable  to  the  rest  of  England  and  Wales,  especially  by  the  intro- 
duction of  the  Government  Surveyors  of  Taxes  to  assist  the  Assessment  Committees 
ia  securing  uniformity  as  between  one  district  and  another.  At  first  there  was  a 
certain  amount  of  jealousy  exhibited  because  of  the  apparent  encroachment  of  cen- 
tralization, but  all  such  feeling  has  now  ceased,  and  great  advantage  is  seen  on  both 
sides  from  the  fact  that  the  Imperial  and  local  officers  are  engaged  in  assisting  each 
other  in  producing  a  result  which  has  the  effect  of  assisting  in  securing  uniformity. 
Setting  aside  the  consideration  of  the  exceptionable  position  of  the  metropolis,  in 
this  and  other  details,  the  general  system  of  assessment  may  be  thus  described  :— 

The  overseers  of  a  district  make  a  list  called  a  Valuation  List,  which  contains 
in  respect  of  each  rateable  hereditament  the  name  of  the  occupier,  the  name  of  the 
■owner,  the  situation  of  the  property  and  its  extent,  the  gross  value  or  gross  estimated 
rental,  and  the  rateable  value.  The  List  is  then  deposited  in  some  public  place  and 
notice  of  such  deposit  is  given  by  the  overseers.  A  copy  of  the  List  is  sent  to  the 
Assessment  Committee  of  the  district  for  revision,  and  any  objections  made  to  any 
entry  m  the  list  is  heard  by  the  Assessment  Committee. 

The  Assessment  Committee  may  also  hear  the  objections  of  parish  against  parish 
on  the  ground  that  a  whole  parish  may  be  undervalued,  and  so  be  trying  to  evade 
Its  proper  contribution  to  the  Union  charges.  A  new  valuation  is  made  °  from  tuZ 
^•o  time,  generally  when  the  overseers  or  the  Assessment  Committee  see  fit  except 
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in  the  metropolis,  where  an  entirely  new  list  is  required  to  be  made  every  five  years. 
If  a  ratepayer  objects  to  the  amounts  fixed  for  any  hereditament,  he  may  send 
notice  of  objection  to  the  Assessment  •  Committee,  and  as  a  rule  he  is  requii-ed  to 
attend  and  support  his  objection  by  evidence.    It  is  very  seldom  that  any  one 
formally  objects  to  a  neighbour's  assessment.    He  may  refer  to  it  as  an  argument  for 
the  reduction  of  his  own,  and  although  it  may  be  a  clear  case  where  the  neighbour's 
assessment  should  be  raised  and  his  let  alone,  for  the  sake  of  the  unStormity 
nominally  sought  after,  this  would  not  satisfy  an  objector,  but  on  the  other  hand 
would  place  him  in  a  position  as  regards  his  neighbour  which  few  would  care  to 
occupy.     At  the  time  of  the  passing  of  the  Metropolis  Valuation  Act,  it  was 
urged  that  the  objections  of  persons  to  the  assessments  of  other  persons'  houses,  and 
for  making  which  increased  facilities  were  given,  would  afibrd  great  assistance  to 
Assessment  Committees  in  arriving  at  uniformity,  but  the  result  has  not  proved  this 
to  be  the  case.    On  the  other  hand,  as  an  example,  it  may  be  said  that  in  one  of 
the  largest  London  parishes,  where,  since  the  passing  of  the  Metropolis  Valuation 
Act  in  1869,  there  have  been  at  the  several  revisions  at  least  a  total  of  20,000 
objections,  not  more  than  six  ratepayers  have  given  notice  of  objection  to  assessment-; 
other  than  their  own,  and  only  two  of  these  have  attended  to  support  their 
objections. 

This  shows  clearly  that  the  machinery  should  be  so  complete  in  itself,  and  entirely; 
under  such  control,  as  not  to  require  that  one  ratepayer  should  put  himself  in 
antagonism  to  another  before  he  can  obtain  the  justice  which  Ms  case  and  the  state 
of  the  law  demands.  In  many  parts  of  tlie  country  gross  inequality  is  the  rule  and 
not  the  exception.  There  are  cases  where  the  struggling  tradesman  of  a  small  town 
pays  on  a  full  assessment  for  his  house  and  shop,  because  his  premises  are  assessed 
according  to  his  actual  rent,  while  his  landlord,  who  occupies  the  mansion  and  park 
close  by,  is  not  assessed  at  one-fifth  of  what  he  ought  to  be ;  but  who  is  to  object 
before  the  Assessment  Committee,  composed  of,  perhaps,  a  few  tradesmen  and 
farmers,  with  the  landlord  himself  acting  as  clmirman  1  It  may  be  said,  therefore, 
that,  in  dealing  with  the  question  of  assessment,  the  reader  should,  under  the  present 
system  of  administering  the  law,  take  the  trouble  to  examine  the  Valuation  List  of 
his  parish  from  time  to  time,  not  only  to  see  that  he  is  not  over-assessed,  but  to  see 
that  he  is  as  much  under-assessed  as  his  neighbour,  so  that  if  he  has  any  grounds 
of  objection,  he  may  make  them  to  the  Assessment  Committee. 

The  great  railway,  canal,  gas,  and  water  companies,  as  well  as  miners  and  large 
manufacturers,  profit  largely  by  the  present  lax  system  of  administration,  and  are 
thus  able  to  throw  upon  those  ratepayers  who  occupy  small  premises  at  rack  rentals 
and  on  short  tenancies  a  large  share  of  the  burdens  which  they  themselves  ought  to 
bear.  Often  the  overseers  of  a  parish  leave  a  large  property  at  half  its  value  on 
their  books,  for  no  other  reason  than  that  they  are  not  competent  to  assess  it,  and  are 
too  " economical "  to  pay  for  professional  assistance.  The  so-called  "economists'' 
are,  in  this  and  many  other  ways,  generally  the  most  costly  luxury  which  the  rate- 
payers enjoy  under  the  present  systems  of  local  self-government. 

Gas  and  water  rates  are  not  rates  in  the  same  sense  as  other  rates.  They  are  charges 
made  for  articles  supplied,  although  in  the  case  of  water  the  charge  is  usually 
made  upon  an  assessment  of  the  property,  made  in  a  similar  manner,  if  not  following 
the  value  fixed  by  the  Valuation  List.    This  mode  of  assessing  water  rates  claims  to- 
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have  advantages  over  the  meter  system,  especially  on  sanitaiy  and  public  health 
grounds,  and  limits  in  some  degree  the  objection  of  taxing  a  necessity  of  life,  for  the 
benefit  of  the  shareholders  of  private  companies.  Water  rates  are  assessed  upon  the 
annual  value  of  houses,  and  the  Acts  of  some  of  the  principal  companies  fail  to  define 
annual  value,  so  that  there  are  frequent  disputes  on  this  question.  Objection  to  an 
excessive  assessment  to  water  rate  is  made  to  the  company,  and  as  the  rate  is 
made  up  of  several  items— viz.,  a  per-centage  on  value,  with  additions  for  baths, 
water-closets,  gardens,  &c. — it  is  always  better,  before  objecting,  to  ask  the  collector 
or  the  secretary,  of  the  company  for  an  explanation  of  the  charge  when  it  is  thought 
to  be  excessive. 

Gas  rate,  as  it  is  called,  simply  means  the  rate  per  1,000  cubic  feet  at  which  the 
gas  is  charged  in  any  distiict. 

Roads  and  sewers,  once  made  and  "  adopted  "  by  the  local  authority,  or  "  dedi- 
cated" to  the  public,  and  this  dedication  accepted,  are  to  be  maintained  by  the 
public  authority.  Householders  are  liable  to  pay  the  first  cost  of  making  roads  and 
sewers,  and  to  pay,  as  well  as  the  first  cost,  the  cost  of  the  maintenance  of  the 
separate  house  drains.  When  roads  are  kept  as  private  roads,  and  the  cost  of  main- 
tenance defrayed  by  the  owners  or  by  the  occupiers  of  the  houses  abutting  on  such 
roads,  such  occupiers  are  not  relieved  from  the  ordinary  charges  for  the  maintenance 
of  public  roads,  so  that  the  policy  of  the  law  is  to  discourage  the  formation  and 
maintenance  of  private  roads.  Moreover,  there  are  very  great  objections  to  private 
roads,  unless  they  are  thoroughly  well  made  and  maintained  by  the  owners.  Newly- 
formed  roads  are  sometimes  retained  by  the  owners  for  the  sake  of  securing,  as  they 
say,  a  less  town-like  appearance  to  the  streets,  and  thus  improperly  paved  and  badly 
drained  streets  are  formed,  which  often  lead  to  damp  and  uixhealthy  houses ;  the  real 
object  having  been  to  save  the  builder  the  cost  of  making  the  roads  until  he  has 
sold  his  houses,  and  so  to  distribute  the  inconvenience  and  cost  upon  the  poor  house- 
buyers,  who  have  no  remedy  i;ntil,  with  their  united  gTievances  and  at  miich  greater 
cost  than  would  have  been  originally  necessary,  they  induce  the  local  authority  to 
properly  make  and  drain  the  road,  and  adopt  it  as  a  public  road.  House-buyers 
should  always,  before  buying  a  house  in  a  new  neighbourhood,  inquire  at  the  ofiice 
of  the  local  authority  whether  the  road  has  been  "  adopted,"  and  whether  all  charges 
for  road  and  sewer  construction  have  been  paid. 

The  sanitary  authority  of  the  district  should  always  be  communicated  with  in  the 
case  of  drain  or  sewer  defects.  There  is  no  part  of  a  house  where  buildei's  are  so 
likely  to  "  scamp  "  their  work  as  the  drainage,  and  they  are,  probably,  in  that 
point  under  the  least  amount  of  supervision  by  public  authorities.  A  local  surveyor 
may  order  the  work  to  be  done  in  a  particular  manner,  but  the  work  is  done  and 
covered  up  in  his  absence,  and  the  nicely-worded  bye-laws  which  hang  in  the  builder's 
office  are  not  more  likely  to  be  looked  at  by  the  builder  than  are  the  drains,  when 
buried  beneath  the  ground,  by  the  ofiicer  appointed  to  see  those  bye-laws  carried  out. 
Nothing  short  of  an  alteration  of  the  system  can  remedy  this  great  sanitary  defect 
No  sewer  or  drain  should  be  made  outside  any  private  premises  except  bv  the  local 
authority,  and  the  drains  inside  should  be  subjected  to  periodical  supervision,  and 
there  should  be  a  manhole  trap  or  junction  separating  the  public  from  the  private 
drainage  immediately  outside  every  house.  By  this  means  evils  created  within  a 
house  would,  at  least  in  the  first  place,  be  confined  to  the  inhabitants  of  the  house  ; 
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and  on  complaint  of  any  inhabitant  (and  this  is  of  great  importance  in  the  houses  of 
the  poor,  where  there  may  be  several  families),  the  local  authority,  being  first  satisfied 
that  the  defect  does  not  exist  in  the  public  part  of  the  drain,  should  \e  authorized 
to  repair  the  internal  defect,  and  charge  the  cost  upon  the  landlord. 

A  tenant  may  hold  or  occupy  any  land,  houses,  or  tenements,  by  any  right  or 
title,  as  owner,  or  at  a  rent  for  life,  years,  or  other  term,  or  at  will.  A  landlord 
meant  originally  the  owner  of  the  land.  Now,  in  all  general  matters  relating  to 
landlord  and  tenant,  it  may  be  taken  that  the  landlord  is  the  receiver  of  the  rent, 
and  the  tenant  the  one  who  pays,  so  that  the  landlord  of  the  actual  tenant  is  the 
tenant  of  a  superior  landlord,  and  this  state  of  things  goes  on  until,  in  some  cases, 
there  are  half-a-dozen  or  more  persons  who  are  thus  both  landlords  and  tenants  between 
the  actual  tenant  and  the  o^vner  of  the  soil.  Houses  occupied  by  the  poorer  classes 
in  large  .towns  are  often  let  by  the  week  or  the  month,  but  generally  houses  and 
lands  are  let  by  the  year,  or  for  three  years  by  agreement,  or  on  lease  for  a  longer 
term  by  deed,  at  a  reserved  rent.  When  the  property  is  let  on  lease,  the  landlord's 
whole  interest  is  demised,  subject  to  certain  conditions.  The  Statute  of  Frauds 
requires  a  lease  to  be  in  writing ;  and  by  a  more  recent  Act  such  writing  must  be 
in  the  form  of  a  deed,  sealed  and  delivered.  It  is  important  to  notice  that  a 
leaseholder  who  accepts  the  demise  of  a  house  is  liable  for  its  repair  and  main- 
tenance, and  has  no  claim  upon  his  landlord  unless  such  be  specially  agreed,  even  if 
he  finds  the  house  to  be  uninhabitable.  Even  agreements  for  shorter  terms  do  not, 
in  the  absence  of  express  covenants,  require  the  landlord  to  keep  the  premises  in 
repair,  although,  where  there  is  no  demise,  the  landlord  as  a  rule,  in  his  own  interest, 
at  least  sees  that  the  roofs  and  outer  walls  are  kept  in  good  repair. 

Agreements  for  from  one  to  three  years  should  in  the  interest  of  the  tenant 
contain  covenants  whereby  the  landlord  agrees  to  keep  the  roofs,  external  and  other 
walls,  in  good  substantial  repair,  and  "wind  and  water  tight."  If  the  house  is  put 
in  good  repair,  the  tenant  should  agree  to  keep  up  the  interior — namely,  the  doors, 
windows,  shutters,  locks,  bolts,  bars,  and  other  fastenings,  bells,  and  fixtures  upon 
the  premises.  A  yearly  tenant,  or  a  tenant  for  three  years,  usually  covenants  to 
deliver  up  the  premises  at  the  end  of  the  tenancy  in  as  good  a  state  and  condition  as 
when  he  entered,  "fair  wear  and  tear  excepted."  Sometimes  landlords  agree  to  do 
all  repairs,  both  internal  and  external.  Whatever  the  landlord  undertakes  to  do  in 
the  way  of  repau's  the  tenant  can  enforce  the  fulfilment  thereof,  but  non-compliance 
on  the  landlord's  part  to  execute  a  covenant  does  not  prejudice  the  liability  of  the 
tenant  to  pay  his  rent.  Before  taking  possession  of  a  house,  the  intended  tenant 
should  inquire  what  the  house  is  assessed  at  in  the  Valuation  List,  and  have  some 
proof  that  the  rates  and  taxes  are  paid  to  the  date  of  the  commencement  of  his 
tenancy,  otherwise  he  may  have  some  trouble  afterwards.  A  new  tenant  is  only 
liable  to  pay  rates  from  the  commencement  of  his  occupation,  but  some  taxes 
can  be  enforced  from  the  tenant  in  possession,  although  due  prior  to  his  becoming 
the  occupier.  The  gi-ound-rent  of  a  house  is  also  recoverable  from  the  tenant  in 
possession  if  the  landlord  has  made  default  in  payment.  An  agreement  by  word  of 
mouth  to  take  a  house  or  land  cannot  be  enforced  until  a  tenancy  is  created  and 
actual  entry  upon  the  premises  made  in  pursuance  of  such  agreement.  Tenants 
under  a  lease  for  years  are  entitled  to  hold  the  property  until  the  end  of  the  term, 
unless  they  break  any  of  the  conditions  and  covenants  of  the  lease.    A  tenancy 
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agreed  between  the  parties  to  be  a  yearly  tenancy  is  a  common  mode  ot  letting 
^vitll0ut  written  agreement.  This  agreement  can  be  terminated  at  the  end  of  the 
fii'st  year,  or  by  notice  to  quit  at  the  end  of  each  succeeding  year.  The^  notice 
must  be  given  before  the  commencement  of  the  six  months  which  end  with  the 
current  year.  A  tenancy  at  will  is  nominally  a  tenancy  revocable  at  the  will  of  the 
landlord,  but  the  term  is  usually  applied  to  an  annual  tenancy  where  there  is  no  written 
agreement.  This  is  the  case,  no  doubt,  because  the  payment  of  any  portion  of  a 
yearly  rent  converts  such  a  tenancy  into  a  yearly  one.  A  tenancy  at  will  is  seldom 
of  long  duration.  A  tenancy  for  a  year,  and  "  so  on  from  year  to  year,"  is  a  common 
form  of  written  agreement  for  a  yearly  tenancy.  It  differs  only  from  an  ordinary 
yearly  tenancy  in  that  it  camiot  be  terminated  until  the  close  of  the  second  year. 
It  is  a  tenancy  for  a  year  without  the  power  of  giving  six  months'  notice  to  quit 
during  the  first  year.  A  tenancy  on  sufferance  is  where  a  tenant  wrongfully  holds 
possession  after  the  expiration  of  a  lawful  tenancy,  and  ejectment  can  be  maintained 
against  him  without  any  previous  demand  of  possession,  as  required  in  the  case  of 
other  tenancies. 

A  person  granting  a  lease  is  termed  the  lessor,  and  the  person  accepting  the  - 
lease  the  lessee.  A  lease  vests  the  use  and  occupancy  of  premises  in  the  lessee  for 
a  certain  term,  in  consideration  of  a  stipulated  annual  rent  to  the  lessor,  and  of  the 
performance  of  other  covenants.  Leases  are  usually  granted  for  seven,  fourteen,  or 
twenty-one  years,  determinable  at  the  end  of  either  of  the  two  first-named  periods, 
at  the  option  of  the  lessee  only.  Although  this  is  the  usual  mode,  sometimes  the 
option  is  on  both  sides.  A  lease  should  contain  a  schedule  of  fixtures  to  be  surren- 
dered at  the  end  of  the  term.  This  is  very  frequently  omitted,  although  far  more 
essential  in  preventing  dispute  afterwards  between  landlord  and  tenant  than  the 
long  and  tediously  worded  leases  now  no  longer  necessary,  except  as  a  justification 
for  solicitor's  charges.  It  is  stni  usual,  on  requiring  a  lease,  to  enter  into  and  sign 
an  agreement  containing  the  usual  and  any  other  special  covenants  desired  in  the 
intended  lease.  An  agreement  for  the  lease  of  business  premises  is  sometimes  taken 
with  the  view  of  giving  a  tenant  the  option  of  testing  the  suitableness  of  the 
premises.  In  such  a  case  the  tenant  should  see  that  the  agreement  contains  a 
distinct  clause  terminating  it  at  a  particular  period,  with  the  option  of  taking  the 
lease.  An  agreement  for  a  year  or  for  three  years,  with  the  option  of  a  lease  at  the 
same  rent,  is  not  an  uncommon  form,  and  is  specially  suitable  in  the  case  of  a 
person  taking  a  shop  in  a  new  neighbourhood.  Leases  are  prepared  in  counterpart, 
and  should  be  executed  by  being  signed,  sealed,  and  delivered.  It  is  not  necessary, 
although  it  is  usual,  to  employ  a  solicitor  to  settle  a  lease.  If  the  person  does  not 
understand  sufficient  to  act  for  himself,  it  is  always  better  to  employ  a  solicitor  than 
entrust  such  business  to  unprofessional  agents.  Underleases  are  leases  granted  by 
persons  who  are  themselves  leaseholders  and  not  freeholders.  Formerly  aliens  could 
not  take  leases,  but  now  they  can,  and  under  a  recent  statute  they  may  take,  acquire, 
hold,  and  dispose  of  real  and  personal  property  as  if  they  were  natural-born  subjects. 
This  provision  does  not,  however,  qualify  an  alien  for  any  franchise.  If  a  lease  be 
lost,  the  tenant's  term  therein  will  not  be  afi'ected  on  his  proving  that  such  term 
was  not  expired.  If  a  lease  or  any  other  such  deed  or  document  be  lost,  an  attested 
copy  should  be  obtained  if  possible,  or  if  that  be  not  possible,  then  a  statutory 
declaration  as  to  the  contents  of  the  lost  deed  may  save  trouble  afterwards.  Much 
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Of  What  has  been  said  above  applies  to  all  leases,  and  is  not  confaied  only  to  lease. 

itL'nV  W  i"''"'  °'  Any  person  cL  grant  a 

lease  of  whatever  property  he  possesses,  unless  he  is  under  some  lec^al  disSL 
The  owner  of  an  entailed  estate,  or  an  estate  for  life,  has  power  to  gra^t  a  W  n^^^^ 
exceeding  twenty-one  years.  A  person  who  is  the  absolute  owner,  or  who  is  said  to 
possess  the  fee  simple,  may  lease  for  any  number  of  years,  or  for  a  life  or  lives  and 
a  lessee  for  a  certain  number  of  years,  or  for  a  life,  may,  unless  forbidden  b;  th 
terms  of  his  lease,  in  like  manner  gi-ant  an  underlease. 

An  owner  of  land  in  fee  simple  who  may  wish  to  have  such  land  utilised 
as  building  land  usually  adopts  one  of  the  following  courses  A  buildhi! 

agreement  with   a   contractor  to   erect   houses   on   terms   agreed    and  wh"n 
completed  to  grant  leases  at  rack  or  fuU  rentals.    (2)  A  balding  a<^eemen 
under  which  the  builder  pays  the  cost  of   building   ihe  owner  "res^rX  a 
ground-rent.     In  this  case  the  builder  may,   unless  forbidden,  gi-ant  undei! 
leases  and  create   "improved"  ground  rents.     (3)  A  conveyance  of  the  land 
m  fee  for  building  in  consideration  of  a  rent-charge,  and  (4)  an  absolute  con- 
veyance with  or  without  building  restrictions.    In  large  centres  of  population,  and 
especially  m  London,  the  lease  at  a  ground-rent  is  the  usual  form,  and  it  is  not 
uncommon  to  have  several  underleases  existing  between  the  original  leaseholder  and 
the  actual  holder  at  a  rack-rent.      Where  there  are  several  underleases  between 
the  freeholder  and  the  beneficial  occupier,  it  is  most  important  that  such  beneficial 
occupier  should  know  the  extent  of  his  liability  under  the  intermediate  leases,  and 
take  care  that  he  is  not  governed  by  covenants,  the  extent  or  even  existence  of 
winch  may  not  be  brought  to  his  notice  unless  required.     Any  lease  may  be 
assigned  to  a  third  party,  but  unless  the  freeholder  or  other  lessor  is  a  party  to  such 
assignment,  or  accepts  the  assignee  subsequently,  the  original  lessee  is  liable,  not- 
withstanding the  assignment. 

Persons  letting  and  taking  apartments  or  lodgings,  whether  let  furnished 
or  not,  are  m  the  ordmary  relation  of  landlord  and  tenant,  and  it  is  always 
better,  for  mutual  satisfaction  and  to  avoid  disputes,  that  there  should  be  a 
written  agreement  which  should  specify  the  amount  of  rent,  the  time  of  entry 
or  commencement  of  payment  of  rent,  the  length  of  notice  to  quit  required, 
and  such  other  particulars  as  the  case  may  require.     If  the  apartments  are 
furnished,  a  schedule  of  the  furniture  should  be  added  to  the  agreement,  as 
in  the  case  of  a  furnished  house,  and  in  both  cases  all  defects,"  cracks,  &c., 
should  be  carefully  noted.    If  there  be  no  written  agreement,  the  length  of  the 
proper  notice  to  quit  depends  upon  the  term  of  letting  or  payment  of  rent.    If  the 
letting  be  at  so  much  per  week  or  month,  then  a  week's  or  month's  notice  is  required, 
but  if  it  be  at  per  year,  although  payment  is  made  quarterly,  the  same  notice  Avill 
be  required  as  in  the  case  of  a  house.    If  there  be  a  custom,  as  is  the  case  in  water- 
ing  places  and  some  large  towns,  the  length  of  notice  is  regulated  by  such  custom 
in  the  absence  of  written  agreement.    If  a  tenant  go  without  notice,  the  landlord 
may  recover  rent,  although  he  may  advertise  for  another  tenant,  but  cannot  recover 
rent  subsequent  to  a  letting  to  another  person.    Compensation  can  be  recovered  for 
wilful  damage  done  by  tenants  of  houses  or  lodgings.    Rent  may  be  sued  for  in  a 
county  court,  as  well  as  levied  for  by  means  of  distress. 
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CHAPTER  XCII. 

How  to  choose  a  House  for  Purchase— Eegistration  of  Births,  Deaths,  and  Marriages— Sanitary  Laws 
and  Administration— Analysis  of  Food,  Drink,  and  Drugs— Inspection  of  "Weights  and  Measures- 
Public  Offices  :  Mayor,  Alderman,  Councillor,  Guardians  of  the  Poor,  Vestrymen,  Members  of  the 
School  Board,  &c.— Eegistration  of  Jurymen  and  of  Parliamentary  and  Municipal  Voters. 

In  an  earlier  part  of  this  book  something  has  been  said  on  the  importance  of  choosing 
a  house  for  purchase  or  residence,  but  having  chosen  it,  after  examination  as  to  style 
and  character  of  building,  its  sanitary  arrangements  and  neighbourhood,  it  has  to 
be  considered  as  an  investment.  A  new  house  in  an  unsettled  neighbourhood  is  a 
much  more  doubtful  speculation  than  an  older  house  in  a  neighbourhood  not 
surrounded  by  uncovered  building  land,  and  this  is  even  more  risky  if  the  land  be 
freehold.  Many  a  person  has  purchased  a  pretty  freehold  villa,  with  neat  garden, 
and  then  found  his  property  reduced  to  half  its  value  in  a  few  years  by  the 
adjoining  plot  being  let  for  a  block  of  labourers'  dwellings  or  a  court  of  small 
tenements.  Where  freehold  property  is  purchased,  the  purchasers  should  carefully 
inquire  as  to  what,  if  any,  restrictions  there  are  upon  it  and  upon  other  freehold 
property  adjoining.  A  man  may  build  his  house  and  lay  out  his  plot  of  garden  sa 
as  to  get  a  nice  view,  and  find  in  a  short  time  his  view  intercepted  by  a  slaughter- 
house or  a  factory.  In  this,  as  in  many  other  respects,  local  government,, 
like  local  taxation,  requires  very  considerable  improvement  to  make  it  equal 
to  the  necessities  of  the  people  of  this  country.  If  a  man  be  destitute  he 
has  a  right  to  receive  from  the  guardians  of  the  poor  of  his  district  proper 
food,  shelter,  and  clothing,  whether  in  sickness  or  health;  but  if  he  be  not 
destitute  he  may,  under  the  direst  necessity,  be  housed  in  an  insanitary  or  even 
pestilential  dwelling,  fed  on  the  most  unwholesome  -  food,  and  clothed  in  infected 
clothing,  and  his  house  may  become  a  centre  of  infection  in  a  neighbourhood.  It 
is  true  there  are  public  health  authorities,  but  these  authorities  are  used  too- 
often  for  other  and  more  selfish  purposes.  "When  these  authorities  are,  as  they 
often  are,  controlled  iy  the  active  owners  of  small  property,  the  caterer  of  unwhole- 
some food,  or,  above  all,  that  great  local  man,  the  "  economist,"  it  is  very  hard  ta 
do  much  for  the  poor.  The  "crotchets  of  doctors"  are  condemned  as  "new- 
fangled "  by  men  who  speak  of  their  forefathers  as  never  having  suflfered  from  bad 
smells  and  bad  water. 

Sanitary  regulations  are  the  most  difficult,  as  they  are  the  most  necessary  to 
enforce.  What  are  called  the  principles  of  local  self-government  are  principles  un- 
known to  science,  and  science  is  equally  unknown  and  disregarded  by  those  whose 
chief  notions  of  government  are  comprised  in  the  phrase,  non-expenditure.  The 
stoiy  of  the  surveyor  asking  for  a  level,  is  only  an  illustration  of  the  intelligence 
of  "  boards."  The  chairman,  who  was  a  farmer,  said  "  he  knew  that  he  expressed 
the  views  of  the  Board  in  condemning  the  extravagant  notions  of  the  new  surveyor  " 
who  had  asked  for  a  level,  "and  hoped  the  surveyor  would  understand  that  when 
he  vished  to  try  the  level  of  the  road  he  must  not  be  above  going  on  his  knees 
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and  looking  along  the  ground,  as  they  always  did  in  their  business  "    Tow.  T.~T 

as  ^yell  as  country  boards,  are  governed  chiefly  by  the  crv  n   1.      T  f^^'' 

probably  nothing  leads  so  much  to  high  rates  L  Londo.      l    i  T*'"' 

as  the  non-expenditure  of  so-called  econon.  sts  and  the  neXt  of  ^ 

There  are  men  in  London  who  vose  as  ]nf>«l  ...        7    T  '^^^^^s^'^'-^/  ^vorks. 

at  the  head  of  the  poll  at  elec^on  t  m^  7"°"^^.^^^  ^^e  invariably  returned 

and  whose  "  economy^^  a   itt  cal^^^^^^^^  tf  "'^^  -  the  public. 

This  is  chiefly  causecf 'through  the  wlni  of  anf  ^^^^^^^^       r""'^      ^^"^'^^  ^ 

in  local  afi-airs.  ^  ^^^^  P^ople  generally 

Registration  of  Births  and  Deaths  was  introduced  in  IR'^fi     T  f  . 
a  birth  should  be  given  to  the  Registrar  I  iT  r  .    !  I^fo™ation  of 

takes  place  within  Ly-two  days  X  the  birth  b^tTe  /:,^  '"'^^ 
t.e  child,  or  in  their  default  by%he  occu^  ^^he^t^se^^ll^^Ib  ^ ^^^^^^^^^ 

informer  for  registering  a  birth  if  Tfl^  ^  Z  ^  acToft^r  o^a":  tt 
informant's  Ijouse.  In  default  of  information  within  forty-two  days  after  bix^h 
^d  before  the  expiration  of  three  months,  a  Registrar  may,  b/wriUen  not  e' 
require  any  competent  person  to  come  to  his  office  to  regfs'terVb^th  Ift?; 
the  apse  of  three  months,  and  before  the  expiration  of  twelve  months  a  toth 
can  be  registered  only  in  the  presence  of  the  Superintendent  RegS^S;  Upon 
su  h   registration   the   Superintendent  Registrar,  as  well  as  the"  Reg  strar'" 

a  tended  to,  so  that  there  are  both  extra  expense  and  delay  in  neglecting  this  simple 
duty.  After  a  year  has  elapsed  no  birth  can  be  registered  except  by  the  written 
authority  of  the  Registrar-General,  and  then  only  upon  payment  of  still  higher  fees  to 
the  Superintendent  Registrar  and  the  Registrar. 

The  death  of  every  person  dying  in  England  is  required  to  be  registered.  When 
a  person  dies  in  a  house,  the  informant  should  be  the  nearest  relative  present  at 
death  or  m  attendance  during  the  last  illness,  or  in  default  of  these  any  other  relative 
in  the  same  sub-district,  or  a  person  present  at  the  death,  or  the  occupier  of  the  house 
or  any  inmate  of  the  house,  or  the  person  causing  the  body  to  be  buried.    If  a  death 
does  not  take  place  in  a  house  information  is  to  be  given  by  any  relative  knowing  the 
particulars,  or  a  person  present  at  the  death,  or  the  person  finding  or  taking  charge 
of  the  body,  or  the  person  causing  the  body  to  be  buried.    In  the  case  of  a  coroner's 
inquest,  the  jury  are  to  inquire  the  particulars  required  to  be  registered  concerning 
death,  and  the  Coroner  is  to  send  a  certificate  of  the  finding  of  the  jury  to  the  Regist 
trar  Mdthin  five  days.    Information  of  a  death  should  always  be  given  within  five 
days,  and  should  be  accompanied  by  a  medical  certificate.    In  places  where  the 
Registrar  is  at  a  distance,  or  there  are  other  difficulties  in  the  way  of  giving  infor- 
mation in  person,  an  informant  may  send  a  preliminary  notice  in  writing  and  the 
medical  certificate,  and  in  that  case  the  time  for  completing  the  registration  may  be 
extended  to  fourteen  days.    It  is  the  duty  of  the  Registrar  to  inform  himself  of 
«ny  occurrence  of  death  in  liis  district,  and  if  informants  fail  to  give  information  lie 
may,  after  fourteen  days,  and  within  a  year,  requii-e  such  informants  to  come  to  him 
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to  effect  the  registration  of  death.    Any  registered  medical  practitioner  must  give  a 
certificate  of  the  cause  of  death  if  he  has  been  in  attendance  during  the  last  illness 
unless  the  case  is  referred  to  the  Coroner.    In  that  case  the  Coroner  s  certificate  ^ill 
take  the  place  of  the  ordinary  medical  certificate.    The  medical  certiicate  must 
ahvays  be  taken.by  the  informant  to  the  Registrar  on  the  registration  of  the  death. 
The  Recnstrar's  certificate  of  registration  or  the  Coroner's  order  for  bunal  should  m 
every  else  be  delivered  at  the  time  of  burial  to  the  person  officiating.    If  for  any 
reason  the  person  officiating  buries  a  body  without  either  the  Registrar's  certificate 
or  the  Coroner's  order,  he  must  give  notice  to  the  Registrar,  otherwise  he  is  liable 
to  a  penalty.    So  also  the  person  who  ought  to  have  produced  such  certificate  or- 
order  will  be  Uable  to  a  penalty.    There  are  penalties,  too,  for  improperly  registering 
births  and  deaths,  and  the  Superintendent  Registrar  of  a  district  is  empowered  to 
prosecute  persons  guUty  of  any  offence  under  the  Registration  Acts.    There  is  m 
every  district  a  Superintendent  Registrar  of  Births,  Marriages,  and  Deaths,  and  to 
him  application  may  be  made  for  any  information  on  these  subjects.    Each  district 
is  divided  into  sub-districts  for  the  registration  of  births  and  deaths,  and  the  Regis- 
trars and  Deputy  Registrars  of  Marriages  in  a  district  will  give  information  in  their 
respective  districts. 

There  is  no  compulsory  registration  of  diseases.  Many  sanitary  authorities 
desire  to  act  promptly  for  the  public  good  in  taking  steps  against  the  spread  of 
infectious  or  contagious  diseases,  and  adopt  the  best  methods  to  procure  information 
in  the  absence  of  compulsory  registration.  It  is  important  to  the  community  that 
the  existence  of  contagious  diseases  should  be  known  to  the  sanitary  authority, 
and  for  this  purpose  it  is  desirable  that  every  householder  should  feel  it  his 
duty  to  acquaint  the  medical  officer  of  health  of  the  district  or  union  in  which 
he  resides  with  every  case  of  such  disease  which  may  arise  in  his  house.  In 
every  district  provision  is  made  for  disinfection  after  an  outbreak  of  infectious 
disease,  and,  as  a  rule,  such  work  is  more  effectually  done  by  the  sanitary 
authority  than  it  can  be  by  private  persons,  and  in  many  cases  it  is  done 
without  charge.  Sanitary  authorities  are  gradually  being  taught  to  see  that  all 
sanitary  work  is  done  for  the  benefit  of  the  community  rather  than  the  individual, 
and  that  therefore  it  should  be  done  free  of  cost. 

A  person  suffering  from  an  infectious  disease  may,  if  willing  to  become  a  pauper 
and  to  be  disfranchised,  take  advantage  of  an  infectious  diseases  hospital  provided 
by  the  guardians  of  the  poor ;  bub  if  not  so  willing  he  is  compelled,  in  most  districts, 
to  remain  at  home  as  a  source  of  danger  to  those  he  loves,  and,  if  poor,  with  perhaps 
insufficient  attention  and  nourishment.  Probably  there  is  no  poinb  of  sanitary  work 
requiring  more  immediate  attention  than  the  protection  of  the  community  from  the 
spreading  of  infectious  diseases,  by  proper  provision  for  isolation  and  treatment  in 
every  case  where  it  is  necessary. 

Sanitary  legislation  is  said  to  have  commenced  in  England  nearly  five  hundred 
years  ago,  when  a  penalty  of  £20  was  inflicted  on  "  whoever  should  pollute  a  river 
or  ditch  near  a  town  so  as  to  infect  the  air." 

Sanitary  customs  are,  however,  of  more  ancient  origin.  The  half-savage 
Britons,  whose  manners  and  customs  were  inconsistent  witli  the  establishment  of 
cities,  subsisting,  as  they  did,  chiefly  by  pasture  and  the  produce  of  forests  and 
marshes,  built  their  mud  huts  in  groups,  forming,  as  it  were,  a  toAvn  upon  a 
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mound,  surrounded  by  a  ditch,  which  served  for  draina^^^i^^iTTi  7~~ 
and  was  itself  kept  pure  by  the  spot  selected  being  s™d  1  bv  b^t'^Tf 
and  underwood.    In  Roman  and  Saxon  times  we  fin3  traces  of-->^  'i 
and  in  more  recent  times  local  legislation  by  charteT^ivet  '  ,Vl!  T ^  regulations  ; 
to  these  matters.    The  ancient  chtrters  of  tL  O^^f  Z^^^^  "T. 

open  spaces  was  also  recognised  as  of  importanr  Th   s  ores  o^^^ 
Inner  and  Outer  Moors  (Moorfields)  Smitbfiplrl  .   ^   i      ?  Thames,  the 

open  spaces,  the  king  dl W  "t^^a^  1  e^^^^^^  T'^  places  were  to  be  held  as 
upon,  but  tkt  they  slall  be  "^d  irtht  pIo  L^^^^^  1,  '''^'^  ^^^^ 

reWd  and  e.onLed  from  aU  enlt^^^Lr^io^^^^^^^^^^^^^ 

r!      :      ,       ^  °^  ^'''^  populations  has  been  only  less  astonishin<.  thin 

the  fact  that  such  growth  has  been  permitted  with  so  little  regid  to  the  ^  ^.1^^^^ 

Tl^Zi:ToZ  '^T  '"^T;  ''f  *l««-la^-nhas  become solecer^ 
Ihe  neglect  of  centuries  has  caused  burdens  upon  the  ratepayers  of  the  last  fifty  yeai^ 
whxch  have  been  reluctantly  borne,  especially  by  those  represented  bv  t^fe  '  old 
members  of  the  to^vn  council  or  local  board/'  who  remember  when  there  were  none 
of  these  "new-^^ng led  sanitary  notions,"  and  are  too  old  now  to  be  taught  thit  th  y 
themselves  are  but  hving  evidences  of  the  truth  of  the  theory  of  the  .frvival  of  tie 

"^^^       '"-'^  ^  ^^^^  "^'^^  ^i^^        P-^Wic  Health  Act 
1848  and  the  establishment  of  the.  General  Board  of  Health.    As  an  evidence  of 
what  has  smce  been  done  to  improve  the  health  of  the  people,  and  the  rapid  strides 
made  in  this  direction,  notwithstanding  all  the  drawbacks  of  the  complicated  system 
ot  local  government,  it  may  be  mentioned  that  in  the  ten  years'  administration  of 
the  General  Board  of  Health,  wliich  preceded  the  Local  Government  Act,  1858  the 
central  authority  sanctioned  loans  for  sanitary  purposes  amounting  to  nearly  three 
miUions  sterling.    Under  the  amended  legislation  of  1858  and  1865  a  further  sum 
was  sanctioned  in  the  following  thirteen  years  of  over  seven  millions,  or  more  than 
half  a  mdlion  sterlmg  per  annum.    During  the  ten  years  that  have  now  passed  since 
the  establishment  of  the  Local  Government  Board,  the  expenditure  has  exceeded 
twenty-four  millions  sterling,  and  since  that  department  obtained  the  passing  of  the 
Public  Health  Act,  1875,  there  has  been  expended  on  sanitary  works  about  three 
mUhons  per  annum  out  of  money  raised  by  loans,  in  addition  to  a  large  sum  out  of 
current  rates.    The  greater  proportion  by  far  of  these  loans  have  been  sanctioned  for 
the  purpose  of  sanitary  improvements  in  urban  districts,  and  for  improvements 
imder  the  Artizans'  and  Labourers'  Dwellings  Acts.    This  large  annual  expenditure 
of  three  millions,  although,  as  shown  above,  it  is  equal  to  the  total  expenditure 
of  the  first  ten  years  of  active  sanitary  legislation  following  1848,  and  is,  moreover, 
exclusive  of  the  large  expenditure  within  the  metropolis  (an  expenditure  which,  in 
the  present  complicated  state  of  its  government,  cannot  possibly  be  ascertamed)  has 
accomplished  very  little  in  comparison  with  what  still  remains  to  be  done  in  practical 
sanitation.    The  crowcUng  together  in  towns,  the  deterioration  of  the  air  in  crowded 
dwellings,  the  diminishing  of  the  water-suijply  in  some  places,  and  its  contamina- 
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tion  in  others,  have  greatly  affected  health.  In  agricnltnral  districts  underdrauiing 
has  had  the  effect  of  cutting  off  springs,  and  robbing  villages  and  rural  places  of 
pure  water— high  farming  has  contaminated  streams.  In  mining  districts  the 
produce  of  pure  springs  has  been  deteriorated.  In  other  industrial  districts  water- 
courses have  been  polluted  by  chemical  agencies  employed  in  manufacture.  Around 
towns  and  villages,  and  near  railway  stations,  houses  are  springing  up,  and  in 
porous  soils  especially  wells  are  rendered  dangerous  by  the  proximity  of  closets. 
Cesspools  are  often  placed  without  any  regard  to  sanitary  principles.  These 
are  natui-al  consequences  of  an  industrial  and  rapidly-increasing  population,  and 
render  it  all  the  more  necessary  that  sanitary  laws  should  be  made  more  and  more 
stringent,  and  that  what  is  called  local  self-government  should  be  educated  up,  as  it 
were,  to  the  point  of  yielding  more  quickly  than  it  has  yet  done  to  the  absolute  and 
knoAvn  requirements  of  public  health.  "It  is  abundantly  clear,"  says  Mr.  Henley, 
one  of  the  Inspectors  of  the  Local  Government  Board,  "  that  the  bulk  of  the  sanitary 
work  is  a  question  for  owners  and  occupiers,  for  builders  and  scavengers."  It  is  not 
difficult  for  a  central  authority  like  the  Local  Government  Board  to  lay  down 
principles,  and  frame  bye-laws  and  regulations  for  the  guidance  of  local  authorities ; 
but  it  is  difficult  to  foster  amonsfst  these  local  authorities — these  nominees  of  the 
builders  and  scavengers,  and  of  owners  and  occupiers — such  an  amount  of  intelligent 
interest  in  sanitation  as  to  satisfy  them  that  there  is  a  real  economy  in  promoting 
necessary  expenditure. 

The  provision  of  proper  habitations  for  the  poor  is  one  of  the  burning 
questions  of  the  day — not  for  the  poor  only,  but  for  the  rich;  for  it  is  hard  to 
believe  that  the  educated  poor  of  the  next  generation  will  be  content  with  what 
satisfies  the  artizan  and  labourer  of  to-day.  Referring  to  the  reports  of  the 
Royal  Commission  appointed  in  1867  to  inquire  into  the  employment  of  children, 
young  persons,  and  women  in  agriculture.  Lord  IN'apier  and  Ettrick,  in  his  opening 
address  at  the  Congress  of  the  Social  Science  Association,  held  at  Plymouth  in 
1872,  said,  "Nothing  is  disclosed  in  stronger  colours  in  these  reports  than  this,  that 
the  dwellings  of  the  rural  population  urgently  demand  a  very  general  reconstruction. 
It  would  be  hazardous  to  assert  in  the  face  of  these  statements  that  more  than  two- 
thirds  of  the  existing  habitations  are  satisfactory."  The  Hon.  Edward  Stanliope, 
one  of  the  Assistant  Commissioners,  reports  that,  "  In  forty-two  villages  which  he 
visited,  sixty-two  per  cent,  of  the  cottages  had  but  one  bedroom."  The  Bishop  of 
Manchester  says,  "The  majority  of  cottages  that  exist  in  rural  parishes  are  deficient 
in  almost  every  requisite  that  should  constitute  a  home  for  a  Christian  famUy  in  a 
civilised  community."  The  state  of  things  in  London  and  other  large  towns  is  even 
worse,  and,  moreover,  there  is  the  absence  of  the  compensating  effect  of  the  fresh 
air  outside.  In  one  large  school  at  the  east  end  of  London,  said  Mr.  Mundella 
recently,  speaking  of  the  work  of  the  London  School  Board,  over  eighty  per  cent,  of 
the  chUdren  come  from  homes  of  one  room.  "  Oh  !  "  but  the  landlord  will  say,  "  it  is 
all  very  well  for  you  doctors  and  sanitarians  to  lay  down  rules  as  to  how  country 
cottages  and  town  houses  and  buildings  are  to  be  buUt  and  maintained,  but  who  is 
to  pay  for  them  1 "  In  towns,  rich  landlords  will  only  grant  short  building  leases  of 
from  forty  to  ninety-nine  years,  and  district  surveyors  insist  upon  the  buildina  work 
being  as  good  as  if  the  buildings  were  being  erected  on  freehold  land.  It  p°iys  to 
patch  up  old  property,  but  it  will  not  pay  to  rebuild.    In  the  country,  labourers 
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cannot  pay  the  rent  of  houses  properly  built  unless  half  the  cost  is  met  in  some  wav 
by  the  philanthropy  of  a  lando^vner.    The  laws  of  supply  and  demand  in  this  respect 
have  been  considerably  disturbed  by  endeavouring  to  graft  the  modern  requirements 
of  sanitary  legislation  regarding  new  dwellings  upon  old  systems  of  land  tenure 
Nothing  IS  more  important  to  every  householder  than  good  sanitary  laws  He 
may  be  ever  so  careful  as  to  the  ventilation,  and  other  internal  arrangements  of 
his  own  house,  and  yet  his  care  may  make  him  the  more  susceptible  to  the  dan^rs 
outside.    Local  government  must  realise  its  real  work.    It  is  more  important  to  a 
London  householder  that  the  street  sewers  should  be  properly  flushed,  and  bis  house 
refuse  frequently  removed,  than  that  the  Prime  Minister  or  the  Czar  should  be 
properly  entertained  by  the  Lord  Mayor.    The  daily  routine  duties  of  local  manage- 
ment have  httle  to  attract  the  local  politician  who  wishes  to  read  his  speeches  °in 
the    St.  Swithin's  Press  "  or  the  "  Whichdale  Recorder,"  and  so  local  affairs  of  real 
moment  are  too  often  neglected  through  party  fights  over  abstract  questions     To  a 
large  extent  this  is  due  to  the  complications  of  local  government  and  taxation. 

The  majority  of  people  living  in  a  district  not  only  disUke  to  hold  local  public 
offices,  but  take  little  or  no  interest  in  choosing  suitable  representatives  from 
amongst  the  candidates  who  do  offer  themselves.  Those  who  offer  the  most  potent 
objections  to  taking  a  share  either  in  local  government  themselves,  or  in  choosincr 
representatives,  do  so  on  the  broad  ground  that  the  present  system  is  wholly 
unsatisfactory,  because  it  involves  waste  of  time  and  money  greatly  disproportionate 
to  the  results  obtained.  Among  the  business  men  who  do  at  times  take  a  share  in 
local  government,  it  is  a  rare  thing  to  find  one  who  does  not  complain  that  his 
time  and  talents  have  been  spent,  not  so  much  in  doing  the  really  useful  work 
required  by  the  community,  but  in  converting  a  number  of  nobodies  to  understand 
that  "  prevention  is  better  than,  cure  "  in  matters  relating  to  preventible  diseases, 
or  that  "  a  stitch  in  time  saves  nine,"  is  a  truism  applicable  to  the  mending  of  roads 
and  sewers ;  or  that  "  penny  wise  and  pound  foolish  "  is  well  Hlustrated  by  saving 
the  cost  of  an  extra  surveyor  or  inspector,  whilst  three-fourths  of  the  houses  "run 
up  "  in  the  district  are  without  proper  foundations  and  drainage. 

Further  legislation  will  probably  create  County  and  Local  Boards.    Every  large 
centre  of  population  should  have  its  Town  Council,  and  this  council  should  take 
charge  of  everything  which  pertains  to  strictly  local  management.    Some  matters 
would  be  better  dealt  with  as  county  business,  and  Urban  Councils  would,  there- 
fore, have  representatives  on  the  County  Boards.    Every  rural  district  should  also 
have  its  government.    Many  of  the  advantages  of  local  government  are  lost  by  the 
"combination  of  areas,"  notwithstanding  that,  under  the  present  state  of  tlie  law,  such 
combination  may  be  expedient.    It  would  be  easy  to  combine  the  advantages  of  both 
systems  by  making  the  chief  medical  officer,  sanitary  inspector,  surveyor,  and  other 
chief  officers,  county  officers,  with  jurisdiction  over  the  officers  of  rural  authorities, 
and  with  the  duty  of  acting  as  assessors  with  such  local  authorities.    With  such  a 
system  simplicity  and  efficiency  would  be  secured     None  of  the  other  existing 
multitude  of  authorities,  with  conflicting  powers,  and  areas  of  jurisdiction,  would 
be  necessary,  and  the  central  government  need  only  observe,  for  the  sake  of  checking 
neglect  or  abuse  of  powers,  and  not  attempt  to  control.    Nothing  can  be  more 
annoying  to  intelligent  men,  taking  an  interest  in  local  affau's,  than  to  be  controlled 
in  trivial  matters.    It  is  hard,  they  say,  that  we  must  not  order  a  stick  of  blu** 
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sealing  wax  instead  of  red  without  the  consent  of  the  Imperial  government.  The 
ordinary  reader  can  scarcely  realise  the  extent  of  the  interference  of  central  boards. 
A  man  of  considerable  capacity  and  philanthropy  was  made  a  justice  of  the  peace, 
and  was  summoned  to  attend  to  try  prisoners,  and,  with  another  justice,  committed  a 
prisoner  to  fourteen  years'  penal  servitude.  Musing  over  the  grave  responsibilities  of 
an  office  which  had  been  conferred  as  an  honour,  but  which  gave  him  such  power,  he 
reached  home,  and  found  awaiting  him  a  notice  of  a  meeting  of  another  descriptioli, 
which  he  was  required  to  attend.  As  a  justice  of  the  peace  he  was  an  ex-officio 
guardian  of  the  poor  of  his  union,  and  the  notice  required  him  "  to  attend  the  said 
Board  of  Guardians,  for  the  transaction  of  routine  business,  and  to  receive  com- 
munications from  the  Local  Government  Board,"  (1)  stating  that  the  Local  Govern- 
ment Board  would,  subject  to  certain  conditions,  sanction  the  proposed  appointment 
by  the  guardians  of  a  pupil  teacher  in  the  boys'  school  at  the  workhouse,  at  a  salary 
not  exceeding  sixpence  per  week;  (2)  stating  that  the  Local  Government  Board 
declined  to  sanction  the  appointment  of  an  additional  laundrymaid ;  and  (3)  stating 
that  the  disallowance  by  the  auditor  of  one  shilling  and  threepence,  the  cost  of 
purchasing  a  shoeblack's  box  for  a  one-legged  pauper,  who  was  about  taking  his 
discharge,  was  properly  made,  as  the  guardians  were  not  allowed  to  advance  money- 
out  of  the  rates  for  the  purpose  of  starting  a  pauper  in  business,  but  in  the  exercise 
of  the  equitable  jurisdiction  of  the  Board  the  disallowance  would  be  remitted.  "  O 
tempera,  O  mores  ! "  said  the  justice  of  the  peace,  "  can  it  be  possible  that  I  can  join 
with  another  man  in  sending  a  fellow-creature  to  penal  servitude  for  fourteen  years, 
without  any  one  questioning  my  judgment,  and  yet  when  I  attend  the  Board  of 
Guardians,  with  twenty  others,  we  cannot  decide  to  give  a  clever  pauper  boy  sixpence 
a  week  for  acting  as  a  pupil-teacher,  or  engage  an  extra  laundrymaid,  or  set  up  a 
poor  cripple  with  a  fifteen-penny  blacking  box,  without  the  controlling  advice  and 
approval  of  one  of  Her  Majesty's  principal  Departments  of  State  1 "  He  tried  to 
console  himself  with  this  limited  privilege  to  interfere  with  the  beneficent  work  of 
poor  law,  by  reading  the  terms  of  the  Commission  of  the  Peace  under  which  Her 
Majesty  had  been  pleased  to  appoint  him.  A  reference  to  his  Justices'  manual  in- 
formed him  that,  "many  arduous  duties,  both  ministerial  and  judicial,  devolve  upon 
justices  by  statute,  in  the  exercise  of  which  the  greatest  care  must  be  taken  not 
to  exceed  in  any  way  the  jurisdiction  given."  These  latter  words  saved  him  from 
deserting  the  work  of  a  poor-law  guardian  ;  for  being  of  a  philanthropic  disposition 
he  felt  that,  although  the  mere  "  friction  "  of  centralisation  might  make  the  duties 
"arduous,"  he  must  take  care  "not  to  exceed  in.  any  way  the  jurisdiction  given." 
Other  forms  of  friction  are  constantly  arising  solely  through  the  attempt  from  the 
centre  to  govern  details.  It  is  not  easy  to  invent  a  remedy,  but  in  any  attempted 
reform  of  the  system  of  local  government  certain  broad  principles  must  be  recognised. 
True  local  self-government  can  only  exist  for  the  good  of  the  community,  if  it  works 
freely  between  the  State  and  the  individual.  It  must  interpose  a  firm  barrier  to  a 
centralising  interference  in  maters  of  detail,  which  can  never  evoke  genuine  confidence  ; 
and,  on  the  other  hand,  it  must  promote  an  honest  interest  and  healthy  emulation 
in  essential  and  common  requirements  closely  allied  with  the  homes  of  the  people. 
The  real  work  of  a  central  board  is  to  facilitate  and  encourage  the  life  of  local  bodies, 
and  not  to  make  their  actions  automatic.  More  freedom  should  be  given  to  local 
authorities  to  act  within  certain  lines  fixed  by  Parliaraenb  or  the  central  authority. 
63 
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The  time  of  Parliament  is  wasted  by  legislating  with  so  much  detail.    Just  as  the 
break  down  of  a  donkey  cart  may  stop  the  traffic  of  Cheapside,  so  the  question 
whether  the  vestry  of  St.  Mary's  shall  take  by  compulsion  fifLn  houses  fora  oca 
improvement  or  whether  the  Thames  Ditton  Eailway  shall  erect  a  new  bridge  over 
reTmp^f  discussion  in  Parliament  of  matters  of  vital  importance  to 

The  analysis  of  articles  of  food  and  drink  is  a  subject  which  greatly  concerns 
every  householder.  It  is  the  duty  of  certain  authorities,  county  justfces,  town 
councils  vestries,  and  others,  to  appoint  competent  persons  to  analyse  articles  ^f  food 
and  drink  and  drugs.  Any  person  may  submit  any  article  to  the  public  analyst,  but 
the  usual  fee  to  be  paid  for  the  analysis  is  half  a  guinea,  although,  in  some  places,  it 
has  been  hxed  by  the  local  authority,  by  arrangement  with  the  analyst,  as  low  as 

?  ZT"'    ^     ^"""''^^  P^^^^'  ^""^^  themselves  but  seldom  of  this  power,  for  out 
of  17,823  samples  analysed  last  year  in  England,  all  but  358  were  submitted  by 
officers  of  local  authorities.    A  much  larger  proportion  of  the  private  than  of  the 
public  purchases  were  found  adulterated.    The  adulteration  of  dru<.s  is  found 
to  be  very  large.    The  results  of  the  operation  of  the  law,  as  far  as  they  are 
ascertained,  are  not  discouraging,  for  they  show  that  such  staple  articles  as 
bread  and  flour  are  but  seldom  adulterated,  not  more  than  five  per  cent  of  the 
samples  examined  being  found  impure  ;  that  in  nulk,  though  frequently  adulterated, 
the  adulteration  generally  consists  of  the  addition  of  water,  water  being  added  in 
some  cases,  to  the  extent  of  sixty  or  seventy  per  cent.,  and  the  average  being  about 
twenty  per  cent ;  that  beer  is  seldom  adulterated,  and  then  only  by  the  addition 
of  salt.     Spirits  are  largely  adulterated  with  water,  and  occasionally  with  other 
deleterious  compounds.    It  is  seldom  found  that  the  adulteration  carried  on  is 
injurious  to  health.    The  results  obtained  are,  however,  quite  insufficient  upon  which 
to  base  any  very  sound  opinion  as  to  the  extent  of  adulteration.    Analysts  are  paid 
to  do  such  a  little  amount  of  work,  that  their  services  are  of  comparatively  small  value. 
Nearly  one-third  of  the  samples  taken  in  England  were  taken  in  London,  but  in 
London  the  results  showed  chiefly  the  importance  of  placing  the  business  of  analysis 
in  the  hands  of  thoroughly  competent  experts.     Last  year,  only  in  three  counties 
and  twenty-nine  boroughs  outside  the  metropolis,  was  there  one  sample  analysed  to 
every  thousand  of  the  population.    In  twelve  counties  there  were  only  fifty  samples 
in  all  analysed,  and  in  sixty-six  boroughs  there  does  not  appear  to  have  been  a 
single  analysis.    The  authorities  in  some  districts  hesitate,  as  they  say,  to  throw 
suspicion  on  tradesmen  by  encouraging  analysis;  but  they  forget  that  the  real 
object  of  the  Act  is  the  protection  of  the  public  in  the  first  place,  and  in  the 
second,  of  the  honest  tradesman  against  the  fraudulent  practices  of  those  un- 
scrupulous competitors  who  are  underselling  him. 

The  inspection  of  weights  and  measures  is  a  duty  now  very  generally  perfonned 
by  paid  officers,  although  in  many  districts  it  devolves,  under  local  legislation,  upon 
a  "court  leet,"  or  "annoyance  jury."  This  old  form  of  inspection  of  weights  and 
measures  had  some  advantages,  when  persons  could  be  found  who  exercised  zeal  in 
the  work,  but  generally  the  duty  was  disliked  and  avoided  as  far  as  possible,  so  that 
paid  inspectors  have  become  a  necessity.  This  is  especially  so  from  the  fact  that 
defective  weights  and  measures  are  chiefly  used  against  the  poor  by  "  cheap  "  trades- 
men and  street  hawkers,  and  on  Saturday  and  other  nights,  when  "  court  leets  "  and 


LOCAL  AUTIIORITIKS. 


931 


annoyance  juries,"  formed  of  ratepayers,  -would  not  be  lilcely  to  be  about  their 
duties.  The  poor  are  greatly  cheated  by  unjust  weights.  "  Dummy  "  weights,  the 
size  of  ordinary  weights,  but  hollowed,  or  cored  with  cork  and  other  light  substa-nces, 
are  manufactured  and  sold  for  the  purposes  of  fraud.  One-pound  weights  of  the 
ordinary  size  and  appearance  have  been  seized,  weighing  only  ten  and  twelve  ounces. 
In  every  house  it  is  economy  to  have  a  pair  of  scales  and  a  few  weights,  so  as  to 
weijrh  articles  bought  from  time  to  time.  A  householder  will  leave  an  honest 
tradesman  for  the  sake  of  a  halfpenny  in  the  pound  saving,  and  lose  more  than  the 
halfpenny  by  short  weight !  If  a  householder  detects  a  tradesman  giving  short 
weight,  he  should,  for  the  benefit  of  the  community,  and  of  other  tradesmen,  always 
give  notice  to  the  inspector  of  the  borough  or  other  local  authority. 

There  are  numerous  ofl&ces  connected  with  local  government  and  taxation  which 
a  householder  may  be  called  upon  to  fulfil,  but  the  chief  of  these  may  be  enumerated 
as  follows  : — Town  councillor,  and,  in  connection  therewith,  aldermaai  and  mayor, 
select  vestryman,  churchwarden,  overseer,  guardian  of  the  poor,  member  of  a  school 
board.  Of  the  other  offices  of  minor  importance,  such  as  member  of  a  lighting  and 
watching  commission  or  highway  board,  waywarden,  commissioner  of  baths  and 
washhouses,  member  of  a  burial  board,  and  such  like,  the  name  indicates  the 
duties  with  sufficient  accuracy  for  the  general  reader.  A  city  or  town  council 
consists  of  a  mayor,  aldermen,  and  councillors.  The  city  or  borough  is  generally 
divided  into  wards,  and  the  electors  of  the  ward  elect  a  certain  number  of  councillors, 
and  they  in  turn  elect  the  aldermen.  The  council  elects  the  mayor  from  amongst 
the  aldermen  or  councillors.  Any  person  entitled  to  vote  may  nominate  himself  (if 
qualified)  or  any  other  qualified  person  for  a  councillor.  The  right  of  voting  is 
vested  in  the  citizens  or  burgesses,  whose  names  appear  on  the  Municipal  Roll, 
which  is  prepared  and  revised  in  the  same  manner  as  the  Parliamentary  Register. 
The  voting  is  by  ballot,  as  ia  the  case  of  voting  for  members  of  Parliament. 
CounciUors  are  elected  for  three  years,  one-third  retiring  annually.  In  a  borough 
not  divided  into  wards  the  mayor  and  two  assessors  conduct  the  election.  If  the 
borough  is  so  divided,  the  aldermen  and  assessors  of  the  ward  conduct  the  election. 
Assessors  are  elected  by  the  burgesses  in  a  similar  manner  to  councillors,  but  cannot 
be  members  of  the  council.  Aldermen  are  elected  by  the  councU,  or  the  majority  of 
the  members  present,  either  from  the  councillors  or  from  persons  qualified  to  be 
councillors.  The  mayor  is  elected  in  a  similar  manner  to  the  aldermen,  and 
oontmues  m  office  for  a  year.  He  is,  during  the  year,  and  the  one  year  succeeding 
an  ex-officio  justice  of  the  peace,  and  takes  precedence  over  all  justices  actincr  for 
the  borough.  He  acts  as  returning  officer  at  Parliamentary  elections  for°  his 
borough.  A  mayor,  alderman,  or  councillor  is  required  to  accept  office,  or  be  subject 
to  a  penalty  The  council  may  fix  a  salary  to  be  paid  to  the  mayor,  but  no  payment 
IS  made  to  aldermen  or  councillors.  The  mayor,  aldermen,  and  councillors  form  the 
municipal  council.  They  have  power  to  appoint  public  officers,  and  are  the  trustees 
of  charitable  and  other  property,  trusts,  toUs,  dues,  &c.,  belonging  to  the  corporation. 
They  have  charge  of  the  borough  fund,  wHch  is  the  local  exchequer,  and  any  surplus 
arising  from  that  fund  is  to  be  spent  as  the  councU  may  direct,  for  the  benefit  of  the 
inhabitants  and  the  improvement  of  the  borough,  whilst  any  deficiency  in  the  fund  is 
to  be  made  up  by  the  council  levying  a  borough  rate 

The  above  remarks  do  not  in  some  points  apply  to  what  are  known  un- 
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re  urmud  corporations.    It  is  scarcely  fifty  years  since,  by  the  Municipal  Corpo- 
rations Act,  the  prmcipal  local  bodies  throughout  England  (except  the  CorporatL 
of  the  City  of  London)  were  re-established  upon  an  intelligible  and  uniform  basis 
The  nature  of  these  corporations  is  a  franchise  possessed  by  the  mayor,  aldermen' 
and  burgesses  or  citizens,  and  not  by  the  councU  only.    The  whole  body  of  citizens 
thus  form  part  of  the  corporation,  and,  however  numerous,  are  vested  with  the 
capacity  of  perpetual  succession,  and  the  power  of  acting  in  matters  pertainin.  to 
them  as  a  single  mdividual._  This  form  of  municipal  body  thus  differs  from  all 
others.    Local  boards  of  various  descriptions,  including  Boards  of  Guardians,  the 
Metropolitan  Board  of  Works,  and  the  various  Metropolitan  Vestries  and  District 
Boards  School  Boards,  Burial  Boards,  and  many  others,  are  corporations;  but  the 
corporate  capacity  extends  only  to  the  representative  individuals  who  form  the  par- 
ticular board ;  and  although  it  may  be  considered  only  a  legal  fiction  that  the  meanest 
citizen  of  a  municipality  is  a  member  of  the  coq^oration  under  which  he  Hves  and 
may  exercise  a  part  of  the  corporate  franchise,  there  is  no  doubt  that  this  character 
has  given  a  life  and  firmness  to  old  municipal  institutions  which  are  absent  from 
every  other  form,  and  thus,  as  Mr.  Gladstone  has  said,  "  Our  municipalities  produce 
qualities  which  are  the  best  safeguards  of  England's  greatness."    There  are  many 
persons  who  advocate  that  in  any  reform  of  local  government  the  Poor  Law  Unions 
and  counties  should  be  the  chosen  areas  of  operation ;  bat  the  municipalities  demand 
the  first  consideration,  not  because  of  their  areas  only,  but  of  their  nature  and 
constitution.    Householders  should  watch  their  privileges  in  this  respect.    It  is 
good  that  the  people  of  a  given  district  shall  not  only  have  the  power  to  tax  tliem- 
selves  for  the  performance  of  certain  duties,  absolutely  necessary  for  the  benefit  of  the 
community,  and  duties  which  may  be  enforced  for  the  common  good  by  a  central 
power,  but,  further,  that  they  may  have  the  power  "  to  purchase  and  hold  lands, 
markets,  and  other  buildings  for  the  benefib  of  themselves  and  their  successors,"  and' 
to  expend  money  as  they  may  see  fit  for  the  benefit  of  the  inhabitants  and  the 
improvement  of  their  town."    The  greatest  unreformed  corporation  is  that  of  the 
City  of  London.    Its  work  is,  in  most  respects,  cramped  within  a  small  area,  with  a 
small  population,  and  common  municipal  duties  are  there  exercised  on  a  far  less 
significant  scale  than  is  the  case  in  many  provincial  towns,  and  even  in  the  districts 
of  many  of  the  London  vestries.    Ages  ago  the  City  authorities  withdrew  from  the 
government  of  London  as  a  whole,  and  contented  themselves  with  the  limited  area 
in  the  centre,  a  mere  speck  on  the  plan  showing  the  area  of  the  jurisdiction  of  the 
Metropolitan  Board  of  Works.     The  Metropolis  Management  Act,  1855,  under 
which  the  Metropolitan  Board  of  Works  was  created  and  the  functions  of  the  former 
local  authorities  somewhat  consolidated,  was  framed  as  a  tentative  measure,  and  has 
few  lasting  qualities.    Before  that  Act  was  passed  London  "  was  in  many  parts," 
said  Sir  Benjamin  Hall,  who  introduced  the  Act,  "  controlled  by  the  most  extra- 
ordinary state  of  local  management  that  ever  existed  in  any  country."  Probably 
these  words  could  be  used,  although  with  less  force,  of  the  London  of  to-day,  and 
of  no  part  so  truly  as  of  the  City  of  London ;  for  within  that  small  area,  with  a 
population  of  50,000,  there  is  not  only  the  ancient  common  council,  with  its  232 
members,  but  there  are  about  130  other  separate  local  authorities,  interfering  in 
some  way  oi'  other  with  the  duties  of  raising  and  expending  local  public  funds, 
with  a  sufficient  number  of  important  officers  to  govern  a  large  stata    The  75,000 
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acres  under  the  Metropolitan  Board  of  Works,  whose  jurisdiction  in  many  matters 
extends  over  the  City  of  London,  is  committed  to  forty-five  reiaresentatives,  witli 
the  addition  of  a  paid  chairman,  one  representative  to  1,600  acres,  i.e.,  an  area 
more  than  twice  that  of  the  whole  of  the  City  of  London,  and  it  gives  less  than  one 
representative  to  each  aggi-egate  of  population  equal  to  the  population  of  the  City. 
But  notwithstanding  all  this  insignificance  of  area  and  population  of  the  City 
of  London,  as  compared  with  its  newly  created  rival,  it  has  an  inner  life  and  vigour 
which,  by  comparison  in  public  importance  and  estimation,  puts  it  far  beyond  the 
Metropolitan  Board  of  Works  or  any  other  rival.  The  City  is  over-governed,  and 
its  expenditure  is  so  great,  that,  commercially,  its  great  corporation  is  scarcely 
solvent,  for,  of  late  years,  the  struggle  for  life  and  prestige  has  forced  it  into  very 
great  extravagance,  which  could  only  be  met  by  heavy  mortgages.  Nevertheless  it 
is  to  the  extension  of  the  City  that  the  public  look  for  the  future  basis  of  good 
government  of  London,  because  its  constitution,  like  that  of  the  provincial  munici- 
palities before  alluded  to,  is  based  on  the  will  of  the  people,  and  the  necessities  of 
the  present  and  future,  and  not  upon  the  non-elastic  rules  and  regulations  of  modern 
Acts  of  Parliament  and  Central  Boards. 

The  remedies  for  London  government,  as  well  as  for  all  local  government, 
are  hot  readily  apparent.  The  City  Chamberlain,  in  his  book  on  the  Statistical 
Vindication  of  London,  published  in  ]  867,  referring  to  the  various  existing  evils, 
says,  "  But  to  the  remedy  for  all  this  evU,  which  lapse  of  time  has  permitted  to 
grow,  which  the  City  of  London  might  in  former  ages  have  dealt  with  piecemeal 
had  it  not  been  short-sighted  and  selfish — evil  which  no  government  will  .now  deal 
with  except  by  palliatives,  by  sedatives,  by  cajolery,  or  by  delay." 

The  other  principal  governing  bodies  of  London  arg  the  vestries  and  district 
boards.  Under  the  Metropolis  Management  Act  they  exercise  uniform  functions 
relating  to  the  making  and  repair,  and  cleansing,  watering,  and  lighting  of  streets, 
and  they  are  the  sanitary  authorities  empowered  to  remove  dust  and  house  refuse, 
abate  nuisances,  and  to  prevent  disease.  Beyond  these  general  powers  they  exercise 
duties  more  or  less  important  in  difierent  districts  under  the  provision  of  local  or 
general  Acts,  and  it  is  these  older  powers  which  prevent  any  uniform  description  of 
the  duties  of  vestries  or  their  officers.  In  one  or  two  large  areas  of  the  Metropolis 
all  local  functions  may  be  practically  supervised  by  one  chief  officer,  although  he 
may  have  to  subscribe  himself  as  Vestry  Clerk,  Clerk  to  the  Vestry,  Clerk 
to  the  Churchwardens  and  Overseers,  Clerk  to  the  Guardians,  Clerk  to  the  Trustees 
or  the  Governors  and  Directors,  or  to  the  Assessment  Committee,  or  to  the  Burial 
Board,  or  to  the  Commissioners  of  Baths,  still  there  is  something  like  a  unity  of 
action ;  but  when,  as  in  some  cases,  there  is  a  vestry  clerk  under  an  old  local  Act, 
actmg  under  one  body,  with  a  clerk  to  the  vestry  under  another,  another  person  as 
clerk  to  the  guardians,  and  so  on,  each  authority  with  overlapping  and  conflicting 
duties,  there  is  no  wonder  that  householders  lose  interest  in  the  problem  of  under* 
standmg  local  government.  There  are  probably  not  ten  persons  in  any  London 
district  who  know  the  complications  of  the  government  existing  in  their  district 
In  one  district  the  Guardians  of  the  Poor  make  all  rates,  and  the  vestry  ask  the 
guardians  for  the  money  they  require,  not  for  themselves  only  but  for  the  MetropoUtau 
Board,  the  school  Board,  and  other  boards.  In  another  district  the  guardians  in 
like  manner  ask  the  vestry  for  the  money  they  require  for  themselves  as  well  ^  for 
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other  bodies.  In  other  districts  neither  bodies  have  power  to  levy  rates,  but  both 
have  to  go  to  a  separate  body  exercising  the  functions  of  overseers. 

Guardians  of  the  poor  have  similar  uniform  functions  throughout  England 
and  have,  in  addition,  special  functions  in  certain  districts.     They  are  charged 
with  the  relief  and  maintenance  of  the  destitute.     Guardians  are  elected  \y 
means  of  voting"  papers,  and  electors  have  votes  in  proportion  to  the  rateable 
value  of  the  property  owned  or  occupied,  so  that  one  person  may  have  as  many 
as  twelve  votes.    Like  at  municipal  and  vestry  elections,  all  ratepayers,  who  have 
been  rated  for  certain  periods,  have  votes,  whether  male  or  female.    Guardians  have 
no  functions  in  connection  with  the  poor  so  important  as  the  training  and  education 
of  pauper  children.    To  the  proper  performance  of  these  duties  we  must  look  for  the 
reduction  of  the  curse  of  pauperism.    District  schools,  boarding-out,  and  emigration 
have  done  much,  and  are  capable  of  great  extension,  especially  if  worked  for  the 
care  of  the  children  in  after-life,  with  such  private  and  national  associations  as  the 
Girls'  Friendly  Society,  which  now  numbers  60,000  members.     Guardians  of  the 
poor  have  of  late  years  had  a  large  extension  of  powers  beyond  those  relating  to  the 
poor,  the  chief  of  which  relate  to  public  health,  under  the  Public  Health  Acts,  and 
to  education  under  the  Education  Acts,  and  the  enforcement  of  compulsory  vaccina- 
tion. The  duties  of  churchwardens,  i.e.,  of  civil  parishes,  are  only  partly  ecclesiastical. 
They  are  ex-officio  overseers  of  the  poor,  and,  with  the  appointed  overseers,  are 
charged  with  the  valuation  of  property  for  assessment  purposes,  the  making  and 
collection  of  rates,  the  preparation  of  lists  of  Parliamentary  and  municipal  voters,  and 
lists  of  jurymen,  registry  of  ratepayers,  owners,  and  proxies  for  local  elections.  They 
have  still  some  duties  relating  to  the  poor,  although  nearly  all  such  have  passed  to 
the  guardians,  and  they  have  numerous  small  duties,  differing  in  different  localities. 

The  most  modern,  and,  perhaps,  the  most  popular  local  office,  is  that  of  member 
of  a  school  board.  There  was  a  very  great  work  to  be  done  when  the  Act  passed  to 
create  school  boards.  Its  extent  was  not  comprehended  by  those  most  interested  in 
the  making  of  the  law.  But  the  work  has  been  nobly  done.  In. London  300,000 
children  have  been  sent  to  the  new  schools  erected  by  the  board,  and  another  300,000 
have  been  added  to  the  schools  already  existing.  A  work  of  such  magnitude  has 
involved  great  expenditure.  There  may  have  been  some  things  done  of  which  the 
ratepayers  have  had  reason  to  complain,  and  which,  probably,  the  School  Board 
would  be  the  first  to  admit  had  better  have  been  left  undone  ;  but,  on  the  whole,  the 
work  has  been  as  well  done,  or  even  better,  than  the  same  amount  of  work  by  any 
other  authority.  Liverpool,  for  example,  shows  that  out  of  80,000  or  90,000  children 
of  school-going  age  only  some  1,500  have  not  been  reached  by  the  influence  of  that 
indefatigable  School  Board.  The  election  of  members  of  a  school  board  is  by  ballot, 
similar  to  the  practice  at  Parliamentary  elections,  with  the  exception  that  each 
voter  can  cumulate  his  votes  iipon  one  or  more  candidates.  The  boalrds  are  entrusted, 
under  the  supei-vision  of  the  Education  Department  of  the  Privy  Council,  with  the 
building  of  schools,  and  otherwise  providing  school  accommodation,  the  provision  and 
maintenance  of  the  necessary  staff  of  teachers  'and  teaching  appliances,  and  with  the 
enforcement  of  the  attendance  of  children  at  school. 

Perhaps  the  most  widely  appreciated  privilege  of  a  householder  is  the  being 
placed  on  the  register  of  voters  for  Parliamentary  elections,  whilst  the  last  appre- 
ciated is  that  of  being  on  the  register  of  jurymen.    These  registers  are  prepared  by 
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overseers.  The  registration  of  jurymen  is  comparatively  simple.  There  are  certain 
persons  exempt  by  law,  all  others  known  to  the  overseers  are  annually  placed  on  a 
list  which  is  submitted  to  the  justices  of  the  peace  of  the  division  for  revision  ihe 
revision  is  generally  formal  and  of  little  interest.  Occasionally  exemptions  unknown 
to  the  overseers  are. claimed  and  allowed.  Persons  of  certain  quality  or  calling,  or 
rated  at  certain  amounts,  are  marked  as  special  jurors. 

The  lists  of  Parliamentary  voters  are  of  much  more  consequence,  and  are  specially 
interesting  as  the  documents  over  which  local  politicians  annually  fight  by  their 
agents  and  witnesses  at  Barristers'  Courts.    One  of  the  greatest  anomalies  of  the 
present  state  of  English  law  in  connection  with  this  subject  is,  that  a  multitude  of 
Acts  of  Parliament  and  decisions  of  courts  exist  which  may  be  called  the  fi-anchise 
law,  for  the  purpose  of  creating  and  defining  this  right  to  vote,  and  overseers  and 
various  other  officials  exist  for  the  purpose  of  seeing  that  such  names  are  added  to 
the  lists ;  whilst  another  multitude  of  Acts  and  decisions  exist  which  may  be  called 
the  registration  laws,  which  are  largely  worked  by  political  agents,  whose  main 
object  in  practice  seems  to  be  to  knock  ofi"  as  many  voters  as  possible.  Systemati- 
cally in  some  districts,  especially  in  county  constituencies,  every  new  name  is  objected 
to,  and  the  result  is  that  the  voter  is  subsequently  claimed  and  protected  by  one  or 
other  of  the  political  agents.    Objections  are  made  often  without  the  slightest  valid 
reason.    In  boroughs,  especially  large  boroughs,  there  never  need  be  any  difficulty  in 
striking  off  a  few  hundred  voters.   Seldom,  out  of  a  hundred  objected  to,  do  ten  attend, 
especially  among  the  less  enlightened  classes,  who  think  that  the  very  fact  of  being  ob- 
jected to  is  a  proof  that  they  are  not  qualified.    Moreover,  objections  are  frequently 
made  simply  for  the  sake  of  subsequent  political  returns.    The  striking  off"  the  list  of 
200  names  objected  to  by  the  Liberals  in  a  large  borough,  is  assumed  in  all  innocence  to 
mean  the  striking  off"  of  200  Conservatives,  when  the  real  politics  of  one-tenth  of  the 
persons  is  not  known,  but  the  result  is  taken  to  show  the  energy  of  the  party.  Out 
of  several  hundreds  objected  to  in  a  London  parish  by  the  Conservatives  recently, 
some  twenty  or  thirty  persons  came  up  to  defend  their  votes.    They  were  of  all 
shades  of  politics ;  some  were  successful,  others  not.    One  man  declared  himself  a 
"good  old  Tory,"  whereupon  the  Conservative  agent  desired  to  withdraw  his 
objection;  but  the  Liberal  agent  took  exception  to  this  on  the  ground  that  the  validity 
of  the  objection  had  been  partly  admitted.    On  questioning  the  would-be  voter  the 
Liberal  agent  found  the  poor  man  confused  in  his  politics,  but  apparently  entitled 
to  vote.    However,  the  Conservative  agent  objected  to  have  a  "radical  Tory,"  and 
taking  advantage  of  his  technical  objection,  the  name  was  struck  off".    This,  tlien,  is 
the  state  of  the  law  respecting  the  most  sacred  right  of  citizenship.    The  Parlia- 
mentary franchise  is,  in  its  full  meaning,  a  right  which  centres  in  the  individual  to 
exercise  a  certain  limited  portion  of  the  general  sovereignty  of  the  State.  This 
franchise  is  exercised  by  voting  for  a  member  of  Parliament,  and  thus,  through  a 
representative,  to  exercise  an  influence  in  the  councils  of  the  State.    In  practice 
there  is  a  continual  tendency  to  extension.   Mr.  J.  S.  Mill  proposed  that  intelligence, 
as  indicated  by  instruction,  should  be  the  basis  of  the  franchise ;  but  since  this  pro- 
posal was  made,  the  franchise  has  been  extended  without  regard  to  either  intelligence 
or  instniction.    One  of  the  widest  extensions  of  the  borough  franchise  which  has 
taken  place  at  one  time  was  made  by  Parliament  in  the  Act  of  1878.     The  first 
year  it  remained  practically  inoperative  and  unnoticed,  the  second  year  the  attention 
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Of  Parliament  was  called  to  the  fact  that  overseers  throughout  the  country  had 
neglected  to  take  the  responsibility  of  defining  what  was  meant  by  the  new  law 
Another  year  passed;  and  although  the  Government  issued  circulars,  they  reco-nised 
the  difficulties  of  overseers,  and  nothing  was  done.    Another  year  brought  threats 
from  poHtical  agents  against  overseers  for  neglect  of  duty,  and  some  overseers  ven 
tured  to  make  for  themselves  a  definition  of  the  Act,  and  added  largely  to  the  register 
m  their  districts.    Appeals  were  made  to  the  judges,  and  the  overseers  were  held  to 
be  right  and  so  clear  did  the  law  then  seem  that  the  two  judges  who  settled  the  case 
refused  to  allow  an  appeal.     Subsequently  this  refusal  was  withdiwn,  and  five- 
judges  tried  the  question  over  again,  and  held  the  overseers'  law  was  partly  rieht 
and  partly  wrong,  and  that  in  future  each  case  must  be  judged  on  its  merits  as  to 
whether  the  occupier  of  a  part  of  a  house  was  the  occupier  of  a  "Parliamentary 
house   or  not.    If  a  person  were  a  householder,  the  responsibility  of  registering  him 
rested  upon  the  overseers,  whilst,  if  a  lodger,  he  must  claim.    The  only  c^ieral 
indication  of  a  distinction  for  the  guidance  of  overseers  was  that  if  ^  man  lived  in 
l>art  of  a  house,  and  the  man  who  paid  the- rent  of  the  whole  lived  in  another  part 
the  former  was  a  lodger  and  the  latter  a  householder.    This  is  the  condition  of  the 
aw.  upon  which  60,000  public  officials  throughout  the  country  are  required  to 
base  a  "true  register  of  persons  qualified  to  vote  for  members  of  Parliament" 
The  late  Master  of  the  Rolls,  one  of  the  five  judges  on  appeal,  referring  to  the 
term  "  dwelling-house,"  said,  "  What  that  means  nobody  can  say."    After  speakin- 
of  the  terms  "  lodger  "  and  "  occupying  tenant,"  or  "  householder,"  he  said,  "  I  have 
tried,  and  tried  in  vain,  to  frame  an  exhaustive  definition  which  is  satisfactory  to  my 
own  mind."   Lord  J ustice  Brett  at  the  same  time  remarked,  "  I  cannot  help  thinkin<r 
that  when  one  tries  to  give  one's  opinion  on  these  statutes,  and  to  say  what  one 
believes,  cavillers  might  not  unreasonably  say  'that the  judges  are  saying  that  which 
is  next  door  to  nonsense.'   The  only  explanation  that  I  can  give  is,  that  if  the  judges 
do  talk  nonsense  it  is  because  Parliament  has  written  nonsense." 

The  overseers  are  required  to  put  on  the  list  all  occupiers  of  houses,  or  parts 
of  houses,  where  the  parts  are  occupied  as  separate  dwellings.  They  are  not  required 
to  put  on  lodgers,  and  therefore  every  man  who  wishes  to  vote  as  a  householder 
m  any  borough,  should  recognise  the  difficulties  of  overseers  who  have  had  duties 
cast  upon  them  without  corresponding  means  of  carrying  out  those  duties,  and  should 
examine  the  lists  published  on  the  first  of  August  in  each  year,  and  if  he  does 
not  find  his  name  there,  then  he  should  send  in  a  claim  Avithout  delay  to  the 
overseers,  who  will  publish  the  name  in  a  subsequent  list.  Persons  whom  the 
overseors,  in  their  opinion,  consider  lodgers,  will  iiot  be  inserted  in  the  list  published 
on  the  first  of  August.  Every  person  whose  landlord  resides  in  the  same  house  as 
himself  would  do  well  to  make  a  claim,  as,  even  if  he  be  on  the  overseers'  list,  he 
may  be  afterwards  struck  off  on  objection. 

Though  these  matters  belong  to  politics,  they  do  not  belong  to  party ;  and  they 
are  treated  of  here  because,  after  all,  it  is  in  the  conscientious  exercise  by  every 
intelligent  householder  of  his  own  individual  responsibility,  through  the  franchises 
which  his  country  has  bestowed  upon  him,  that  we  must  seek  for  the  remedies  to 
many  of  the  evils  .which  have  been  treated  of  in  this  work,  and  make  our  homes 
healthy. 
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Abyssinian  tube-well,  The,  789,  832,  833. 

Access  to  every  room.  Necessity  for,  68. 

Adam,  Architectural  works  executed  by  the 

brothers,  301. 
Adulteration  generally  practised,  36o. 
Esthetic  craze,  The,  317,  318.  . 
Agricultural  labourer.  No  improvement  in  the 

condition  of  the,  293. 
Air,  Consumption  of  normal,  484. 
Air,  DevitaUsed,  12-21,  486,  487. 
Air,  Effects  of  stagnant,  18, 19  ;  carbonic  acid  m 

the,  487 :  dust  in,  489. 
Air  essential  to  man's  existence,  486. 
Air,  Pure  and  warm,  essential  to  every  house,  30. 
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Aitchison,  Mr.  George,  House  designed  by,  220, 
223,  224 :  old  house  remodelled  by,  258-263. 

Aitken,  Dr.,  on  dust  and  fog,  460,  461,  463. 

Akroyd,  Mr.  Edward,  and  working-men's  building 
societies,  174. 

Akroydon,  63,  174. 

Albo-carbon  light.  The  461,  477  ;  saving  in  gas 

effected  by  its  use,  ib. 
Allen  Mr.  Matthew,  and  fire-proof  floors,  192. 
Ambleside  Church,  Effect  of  inhaUng  carbonic 

oxide  iu,  23,  24. 
American  cooking  stoves,  72, 153. 
American  red  and  yellow  pine,  99. 
American  rim-locks,  128, 129 
Andirons,  Use  of,  in  the  thirteenth  century,  290. 
Anemometers,  520,  521. 

Angle  cabinets  with  movable  carpets,  Design  for, 
328,  329. 

Anthracite  and  coke.  Experiments  with,  566,  567. 
Anthracite  and  Wallsend   coal,  Experiments 

with,  549,  553,  555,  573. 
Anthracite,  Wallsend,  and  coke,  Experiments 

with,  571.  572. 
Anti-corrosion  paints,  125. 
Antiseptics,  Former  use  of,  6. 
Antill's  traps  for  gullies,  626,  739. 
Apsenite,  270. 

Apphcation  of  heat  for  causing  movement  of  air, 
528. 

Architect,  The,  and  architecture,  278—283. 

Architects  of  the  eighteenth  century,  301. 

Architecture,  Origin  of,  278 ;  its  elements,  ib. ; 
essentials  of  good  architecture,  279 ;  con- 
venience, strength,  and  beauty,  tlie  three 
requisites,  ib. ;  its  effect  on  climate  and 
materials,  282,  283. 

Axchitectui-e,  Progi-csa  of,  during  the  feudal 
period,  288;  during  the  fifteenth  century, 
291-294  ;  from  the  sixteenth  to  the  eighteenth 
centuries,  295—301. 

Architrave  moulding,  111. 

Area,  The  open,  40 ;  the  dry,  40  ;  the  hollow  wall, 
40. 

Argand  gas  burner.  The,  427 ;  the  Silber  argand, 
429,  430,  431  ;  experiments  made  with,  440-442, 
449. 

Argand  petroleum  burner,  470,  471. 
Ai-my,  Sanitary  state  of  the,  485. 
Arnott  exit-valve.  The,  31. 


Amott's  stoves,  545. 
Arsenic,  A  test  for,  371,  372. 

Arsenic  in  wall-papers  and  paints,  36o— 372 ;  dan- 
gerous colours,  369. 

Arsenical  poisoning  an  actual  fact,  367,  368 ; 
difficulty  of  proof  in  some  cases,  368 ;  effects 
produced  by  arsenic,  ib. 

Arsenic  prohibited  abroad,  366. 

Arseniuretted  hydrogen,  its  poisonous  properties, 
369. 

Artesian  wells,  767- 

Artificial  illumination,  404  -409  ;  general  conclu- 
sions, 476—483. 

Artificial  light.  General  characteristics  of,  407, 
408 ;  deficiencies  of,  407  ;  injurious  effects  of, 
408.- 

Artificial  stones,  270. 

Artisans'  Dwellings  Act,  The,  162. 

Artisans'  dwellings.  Fire-grates  for,  607 

Artisans',  Labourers',  and  General  Dwellings 
Company,  Small  houses  at  Queen's  Park 
erected  by,  210,  212,  213,  214  ;  rents  of,  213, 
215. 

Asbestos  fires,  579. 

Assessment  of  property  for  taxation,  915,  917 ; 
machinery  for,  918. 

Assize  of  Buildings,  285,  286,  287. 

Atkinson,  Mr.  Beavington,  344. 

Atmosphere,  Physical  properties  of  the,  505; 
movements  of  the,  ib. ;  expansion  of  the,  506  ; 
rate  of  its  expansion ,  507  ;  diffusion  of  gases, 
509 ;  effect  produced  by  atmospheric  currents, 
ib. ;  rate  of  movement  of  the,  510 ;  aqueous 
vapour  in  the  atmosphere,  511 ;  hygrometrical 
standard,  512  ;  physical  effects  of  heat  and 
vapour,  512,  513. 


Baatsch's  slag  felt,  278. 

Back-grounds,  their  proper  character,  320. 

Back  stairs.  The,  81. 

Back-to-back  houses,  165 ;  its  difliculties  in  towns, 
166. 

Bacon,  Lord,  on  Louses,  staircases,  etc.,  C2,  80, 
294. 

Bakehouse,  The,  73. 

Balham,  Semi-detached  houses  at,  231—233. 
Ball-room,  The,  85. 

Ball-valve,  Action  of  the,  134 ;  frequently  out  of 

order,  273. 
Bahnaine's  luminous  paint,  125. 
Balusters,  119. 

Barlf's  method  of  preventing  oxidation,  131,  794. 
Barker,  Dr.,  10, 

Barnard  and  Bishop's  glow  flre,  546. 
Barracks  and  hospitals.  Ventilation  of,  594. 
Barry,  Sir  Charles,  303. 
Basement  rooms,  65,  343. 
Basin,  Patent,  144. 

"  Bastard  "  pointing  for  brickwork.  52. 
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Bath-room,  The,  65,  68,  90,  1,37,  202 ;  tans  used  in 
the,  ISi  ;  hot  and  cold  water-supply  to  the 
138 ;  filling  and  roflllinfj  of  the,  ib. 

Bath-stone,  52,  55,  2C8,  269,  274. 

Baths,  136-138;  various  liinds  of,  in  a  house  136 
137  :  water-supply  to,  138,  740. 

Baths,  First  use  of,  in  the  thirteenth  century,  290 
by  2"7       Htixley,  Messrs.,  House  designed 

Batwikg  burner,  The,  427,  434,  440 ;  the  Silber  bat- 
wing,  432,  433  ;  experiments  made  with 
batwmg  burners,  440,  445. 

Bay  windows.  First  use  of,  293. 

Bed -room.  Suitable  furniture  for  a,  350  -356- 
how  best  to  furnish  a,  351-355. 

Bed-room  wardrobe.  Design  for  a,  343,  344 

Bed^rooms,  65,  66,  86 ;  walls  of,  343  ;  daylight  in, 

Bed-rooms,  Candles  the  best  illuminants  for,  476  : 

evils  of  a  small  flame  in,  ib. 
Beech,  99. 

Bellman's  gully-trap,  626,  627. 
Bells,  156. 

""'''^X^k  7?6'-  "^•'■^''""'^^  t° 

Benzoline,  465. 

Billiard-room  The.  80,  84,  85;  illumination  of,  85; 

roofs  tor,  104. 
Billiard-tables,  Size  of,  85  ;  slates  used  for,  56. 
Binders  in  floors,  105,  108. 
Bird,  Dr.  P.  H.,  on  ventilation,  31. 
Bituminous  and  anthracite  coal.  Experiments 

wirn,  ooo,  Oii),  553,  5oo. 
Bitiiminous  coal,  Experiments  with,  545,  546,  548. 

5ol,  oo2,  564.  '      >      >  I 

Black  Assize,  Number  of  deaths  in,  4S4. 
B  ack  beetles,  Presence  of,  in  close  kitchens,  202. 
Black  Death,  Ravages  of  the,  288. 
B  axall  Dr.,  on  scarlatina  at  Swindon,  35. 
Bloomsbury,  Families  residing  in  one  house  at. 

Blue  paints,  124. 
Bochin,  Dr.,  381,  382,  558. 

Bond,  English,  45 ;  Flemish,  45  ;  hoop  iron,  45. 

Bondmg  of  walls,  45,  46. 

Bond's  euthermic  ventilating  gas  stove,  577 

Bookcases,  84  ;  cleaning  of,  882. 

Borough  franchise,  The,  935,  936. 

Bostel's  Brighton  closet,  216. 

Bol tie-jack.  The,  151. 

Bouchardat,  Dr.,  382. 

Boudoir,  The,  84. 

Bowditoh,  Dr.,  on  consumption  in  Massachusetts, 

Box-rooms,  &4,  67,  75. 

Box-wood,  101. 

Boyd's  hygeastic  grates,  278. 

Boyle's  method  of  warming  air  admitted  into 
626  ™81  ^^"'^^^-.^s  ventilutmg  cowls, 

Bray,  Messrs.,  gas-burners  by,  434,  437, 438,  447  451  • 

experiments  made  with,  447.        >     >  " 
Breakfast  room.  The,  65,  84. 
"Breaking  joint,"  107. 

Brewster,  Sir  David,  on  light  and  health,  385 ;  on 

_  window  hghts,  395  ;  on  glass,  398. 
^rick  drains  unnecessary,  616. 
Brick  stoves,  556. 

Bricks,  44,  51 ;  various  kinds  of,  51. 

Brickwork,  Wails  usuaUy  formed  of,  44 ;  joints  for, 

Brighton,  House  at,  designed  for  a  school,  239.  240 
liritish  Association  gas  reports,  435. 
British  Museum,  Ventilation  of  the,  523. 
Bronchitis,  Inhaling  of  dirt  in  carpets  causing,  397. 
Bronners  gas-burner,  439,  448. 
Brook  s  retort-shaped  drain-pipe,  621. 

BuchaV^^^ry^S?  'yl^^^^,-'^^'^^^^^^^  grate,  547. 

BuildinJ^The  fl%il85^-'^°°°^'       ''''  '''' 
Building  Act,  its  practical  uselessness,  309,  310. 
Ijui  ding  leases  at  high  rents.  Evils  of,  202. 
Building  stones,  Three  classes  of,  261. 
Burgess,  Mr.,  the  architect,  85. 
Burnett's  (Sir  W.)  method  of  preserving  wood  101 


Business  room,  The,  84. 

Butler's  pantry.  The,  68,  90. 

Butler's  system  of  flre-proof  floors  193 

Buying  a  house,  Precautions  to  be  taken  when  273. 


Caen  Stone,  268,  269. 

"  Came,"  in  glazing,  127. 

Camerse  privatfe,  287. 

Candle,  Effect  produced  by  burning  a,  405. 

Candles,  their  suitability  for  bed-rooms  476 

Cannel  gas  and  common  gas,  435,  436,  437,  438 

Carbon,  Its  presence  in  the  inorganic  kingdom 

407  ;  m  flame  405-409.  529,  531 ;  in  gas  419 
Carbon  rods  in  the  electric  light,  406  414  ^  charrerf 

Jfjbon  filaments  in  the  fnckndescent  lk%s 

^^''^2^3i'5  P-  ''87,  488,  498,  507  ;  its 

deadly  effects  when  breathed,  486. 487;  absorbed 
by  plants  in  the  day  and  exhaled  at  night  488 

^^^teSklTlb.^^'  '^-^ 

Carburetted  hydrogen,  419 
Carferal  Alter,  The,  801. 

Carpets,  Substitutes  for  laid  down,  .326,  398-  dirt 
fifg  of'^lsi  ^^"''""'"^'^     carpets,  330,  397 ;  clean- 

noj;jl^'"iiT''®^  V  sewage  irrigation,  679,  680,  681. 
lighUn"'  ^73lii83  '      ^'i^^^o^^  forms  of 

Caryatides,' Use  of.  302. 

Casement  windows,  114, 115,  117 ;  to  open  inwards, 
130  '  °°°*^""^'^'^^es  for  closing  and  opening,  129, 

Castles  during  the  Korman  period,  284, 288 ;  number 
of,  Z»n ;  interior  apartments  of  the,  280 ;  their 
decbne,  291. 

Castors  DesirabiUty  of  having  heavy  furniture 

Cathedral  glass,  400,  401. 
Cedar,  The,  99  100. 
Ceiling  joists,  105, 106,  122. 

Ceilings,  Cornices  and  mouldings  on,  122 ;  clean- 
ing of,  879. 
Cellars,  The,  75. 

Cesspools,  602,  667,  668-70 ;  restrictions  regarding 
^  """^  ^'''^y  to  deal  witii  them, 

668,  669;  old  fashioned,  715,  719. 

Chair-rails  in  a  room.  Benefit  of  using,  336,  337. 

Chair-steps  in  bed-rooms,  353. 

Chambers,  Sir  W.,  388. 

Chance's  artificial  stone,  270. 

Chandeliers,  83. 

Change  of  air  in  rooms,  Conditions  affecting,  516. 
517. 

Changing  air  by  the  action  of  the  atmosphere. 

Practical  methods  of,  522. 
Chappuis'  daylight  reflectors,  395. 
Charcoal  filters,  799—801. 
Charcoal  warmers,  568. 
Charlton,  White,  123, 124. 

Charterhouse  School,  Godalming,  Drainage  works 
at  the,  689,  691,  692 ;  the  sanatorium,  692. 

Cheap  furniture,  344,  354 ;  more  useful  articles 
might  be  bought  for  the  money  spent  in,  348. 

Chemical  treatment  of  sewage,  702. 

Chester,  Old  timber  walls  in  the  city  of,  47. 

Chests  of  drawers,  350. 

Chicago,  The  fires  at,  188, 189, 190. 

Children,  Care  of  young,  844  ;  necessity  for 
cleanliness  and  warmth,  841,  815 ;  food  and 
sleep,  847,  848;  proper  dress  for,  849;  heat 
of  bed-rooms  and  baths,  S.')0,  851  ;  thernio- 
metric  equivalents,  855;  efl'ects  of  heat  and 
cold,  852,  853;  development  of  children.  Kit; 
height  and  weight,  855-857  ;  growth,  .S58; 
change  of  air,  859  ;  ventilation  of  the  nursery, 
800  ;  air  and  light,  861 ;  position  of  rooms  for 
children,  862,  863  ;  size  of  bedroom,  863,  861 ; 
day-rooms,  865,  806;  seats  and  tables,  867; 
short-sightncss,  ib. :  spinal  deformities,  868. 

Chimney  corner.  The,  63. 
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Chimnoy  flues.  Air  and  smoke  currents  m,  507, 
574  575 ;  care  in  the  construction  of,  49,  50. 

Chimney-piece,  The,  67,  82 ;  richness  of  fifteenth 
century,  293. 

Chimney-stacks,  Repairing  of,  27o. 

Chimneys,  63 ;  first  use  of,  289,  290. 

Chimneys  and  heating  power,  569—575  ;  tempera- 
ture and  volume  of  gases  in  chimneys,  569- 
57J  ;  ohservations  on  chimneys,  574,  575. 

China  closet.  The,  68,  75. 

Cholera  caused  by  impure  water,  778. 

Cistern,  The,  130,  133—135;  situation  of  the,  31, 
711,  792  ;  best  plan  of,  134 ;  taps  used  in  a,  134, 
138 ;  rain-water,  784. 

Clamond's  incandescent  gas  lamp,  459,  460. 

Clark,  Mr.  D.  K.,  537,  550,  554,  569,  577,  578,  579,  581. 

Clark's  method  of  softening  water,  770,  779. 

Classic  style.  The,  297. 

Claycy'soils,  Disadvantages  and  advantages  of,  36. 
Cleansing  drains.  Machinery  for,  623. 
Clearcole,  122,  127. 
Clegg  batwing  burner,  The,  440. 
Clerkenwell,  Families  residing  in  one  house  at, 
179. 

Cloak-room,  The,  80. 

Close  stoves,  556—558  ;  advantages  and  disadvan- 
tages of,  72,  151—153  ;  experiments  made  on, 
530  ;  various  recent  or  improved,  561—563. 

Closet,  Water,  without  enclosure,  Advantage  of  a, 
145, 146. 

Closets  in  a  room,  156. 

Clothing,  Disinfection  of,  in  infectious  cases,  911. 
Coach-house,  The,  94. 

Coal  as  fuel.  Objections  to  the  use  of,  529 ;  ex- 
periments with  various  kinds  of,  545,  546, 
548,  549,  551,  552,  553,  555,  564,  566,  567,  571,  572. 

Coal-cellar,  The,  65,  68  ;  lime-whiting  of  the,  893. 

Coal-gas,  Noxious  vapours  arising  from,  25,  26. 

Coal-store,  The,  74. 

Cockles,  or  air-warmers,  559,  560,  561,  562. 

Cohn,  Dr.,  on  short-sightedness,  393. 

Coihng  shutters,  117. 

Colds,  chiUs,  and  irritations,  17. 

CoUar,  The  term,  102. 

Collar-beam,  The,  104. 

College  of  Physicians,  The,  and  the  plague,  6. 

Colour-blindness,  380. 

Coloured  lamps,  479. 

Colouring,  122. 

Colours  of  bodies.  The,  376. 

Colza  oil,  468,  471,  472,  477,  479,  480,  481. 

Combined  drainage  system,  The,  724. 

Combustion,  Chemical  change  produced  by,  407. 

Complementary  colours,  380,  381. 

Composite  middle-class  houses,  177-187. 

Concrete,  Use  of,  36,  37,  38,  178  ;  walls  formed  of, 
44,  46,  195  ;  baths,  137 ;  foundations.  194,  195  ; 
value  of,  in  fires,  189  :  house  at  Croydon,  198  ; 
cottages,  196,  199 ;  the  Lascelles  system  of  con- 
crete construction,  196,  198,  199. 

Confined  spaces,  Eflect  of,  on  ventilation,  516. 

Coniferous  timber,  99, 100. 

Connemara  marble,  54. 

Conservatory,  The,  84. 

Container,  The,  in  water-closets,  733,  834,  907. 
Contour  system  of  sewage  irrigation,  681. 
Contrasted  and  associated  colours  in  decoration. 
322. 

Conveniences  to  a  modem  house,  136. 

Cooking  apparatus,  The,  150—155  ;  the  gas-stove, 

154,  155;  waste  of  fuel  sometimes  caused  by 

the  cook,  155. 
Copal  varnish,  126. 

Cornforth's  "  Little  Wonder  "  stove,  565. 
Cornices,  67, 122 ;  simplicity  in,  335,  336. 
Cottages,  Planning  of,  63  ;  advantage  of  building 

them  m  pairs,  ib. ;  economical  stove  for,  607  ; 

ventilation  of,  ib. ;  di-ainago  of,  703. 
Country  houses  near  Iver,  Bucks,  695,  690,  697,  699, 

Counti-y  mansion  near  Nuneaton,  Drainage  of  a 

693,  695. 
Couple  roof.  The,  102,  103. 
Cow-house,  The,  9,5. 
Cox's  ventilating  gas  stove,  577. 
Craigleith  stone,  267,  270. 


Crossley,  The  late  Sir  John,  and  workmen  s  build- 
ing societies,  175. 

Crosthwaite's  Armstead's  stove,  56o. 

Cupboards,  62,  64,  66,  73,  156;.  advantage  of 
possessing,  156 ;  omission  of,  m  cheaply-built 
houses,  202.  .  . 

Curtains,  No  necessity  for,  m  dining-rooms,  350 ; 
dust  harboured  by,  397. 

Curtains  and  ornamental  blinds,  Evils  ol,  rfbd; 
dirt  collected  by,  397. 

Customs  duties,  915. 

Cut-string,  The,  118. 

Cypress,  The,  100. 


D 

D-trap,  the  old,  140, 141,  735,  736,  739,  792 ;  its  dis- 
advantages, 141,  659. 
Dado,  The,  109,  336.  350. 

Damp  from  the  soil,  41 ;  from  the  weather,  43. 

Damp  in  new  houses,  a  frequent  occurrence,  201 ; 
how  to  prevent,  44. 

Damp-proot  course,  273 ;  materials  for  the,  39,  40, 
49  ;  damp-proof  slate  slabs,  40,  143 ;  its  absence 
in  many  new  houses,  201. 

Damp  soaking  down  a  wall,  Prevention  of,  49. 

Damp  walls.  Frequency  of,  in  modern  houses,  16  ; 
consumption  and  rheumatic  diseases  caused 
by,  ib. ;  position  of  the  house  sometimes  in- 
ducing damp,  ib. ;  avoidance  of,  in  building, 
29. 

Dangerous  colours,  369. 

Davy,  Dr.,  brother  of  Sir  Humphry;  23.  24. 

Daylight  illumination.  Regulation  and  control  of,. 

"397—403. 
Daylight  in  bedrooms,  403. 

Deal  and  pine  suitable  materials  for  cupboards, 
wardrobes,  etc.,  354;  its  comparative  cheap- 
ness, ib. 

Deal,  "Varnishing  of,  126. 

Deambulatories,  Use  of,  291. 

Dean's  gully-trap,  627,  704,  740. 

Decaying  organic  matter,  Effect  of,  495. 

Decoration,  Uselessness  of  attempting,  in  modem 
speculating  building,  310. 

Decorative  ventilation,  360,  361. 

Defective  light  and  short  sight,  393. 

Defective  sanitary  appliances  and  arrangements, 
711—740. 

Defects  and  danger.  Instances  of  67. 
De  la  Garde's  improvements  in  gas-lighting,  452. 
Dennett's  system  of  fireproof  construction,  191. 
Density  of  population.  Effect  of  ventilation  on, 
503. 

Dent  and  Hellyer's  grease-intercepting  tank,  630. 
Deterioration  of  air  in  confined  spaces,  497. 
Diabetes,  22. 

Diarrhoea  :  its  cause,  712,  774,  775. 
Difi'erent  colours,  Difterent  wave-lengths  pro- 
duce, 376. 

Dining-room,  The,  65,  68,  81—83  ;  dimensions  of  a, 
82 ;  how  to  furnish  a,  350 ;  best  method  of 
illumination  for,  480. 

Diphtheria  :  its  cause,  711,  712,  779. 

Dipstone  trap.  The  old,  715,  719. 

Disconnection  and  ventilation  of  drains,  6J2— 653  ; 
definition  of  and  necessity  for  disconnection, 
642 ;  a  simple  disconnection-trap,  643  ;  improved 
syphons .  for  disconnection  chambei-s,  ib. ; 
general  disconnection-chamber  for  the  >vholo 
house,  644  ;  rules  guiding  the  construction  of 
these  chambers,  615—648 ;  air-tight  and  open 
manholes,  615;  examples  of  disconnect ing- 
traps,  646,  617  ;  the  two  methods  of  separa  te 
and  collective  disconnection,  648:  testing  of 
underground  drains  and  pipes  for  freedom 
from  leakage,  649;  tidal  valves,  519;  drain- 
flushing,  651,  052,  053. 

Disconnection  chambers,  643,  704,  706,  708. 

Disease  often  duo  to  site,  35 ;  registration  of,  not 
compulsory,  925. 

Diseases  introduced  from  the  construction  of 
habitation,  5—22  ;  often  produced  by  defective 
drainage,  711,  712. 
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Disinfection,  910—912. 

Distempering,  122,  337;  advantages  of,  for  bed- 
rooms, 313. 
Distillation,  797. 

District  surveyors :  their  powerlessness  to  prevent 

inferior  worlimansliip,  310,  311. 
Dog-leg  staircases,  119. 
Dolomite,  2(38. 

Domestic^ architectiu-e  of  the  fifteenth  century, 

Domestic  sanitation.  Science  of,  1 ;  vmiformity  in 
2 ;  the  work  to  be  done,  3—5 ;  communicable 
diseases,  5;  typhus  fever,  5,  6;  relapsing 
fever,  7  ;  scarlet  fever,  ib. ;  small  pox,  8  • 
whooping  cough,  9;  measles,  ib.;  sewer-air 
fever,  ib.;  typhoid  or  enteric  fever,  10:  pul- 
monary consumption  from  defective  sanita- 
tion, U— 11  ;  neuralgic  and  miasmatic  diseases, 
1*— 17;  colds,  chills,  and  irritations,  17;  en- 
feeblement  from  deficient  Hght,  18 ;  malaise 
and  physical  feebleness  from  deteriorated  air, 
18—22;  accidents  from  inorganic  poisons,  22— 
27 ;  m-itations  fi-om  metallic  poisons  and  dusts, 
26 ;  principles  of  domestic  sanitation,  27—31 ; 
summary,  31. 

Doncaster  Church,  Experiments  on  stones  made 
alter  the  fire  at,  65. 

Door-handles,  129. 

Doors,  109,  110  ;  construction  of,  110 ;  various  parts 
of  a  door,  ib.;  size  of  doors.  111 ;  method  of 
hxinor,  lb.;  door  of  a  London  house,  112,  113. 

Double-floor  joists,  105. 

Double-frame  floor,  106. 

Double-hung  window  sashes,  113. 

Doulton's  drain  pipes,  618 :  German  stove,  557—559 ; 
grease-collecting  tank,  630;  spiral  and  top- 
leeding  stove,  565. 

Dowelled  floor.  A,  107. 

Drainage,  Examples  of,  703—708. 

Drainage  memoranda,  654-660 ;  stable  drainage 
651 ;  house  drainage,  655—660.  ' 

Drainage  of  a  country  mansion,  Examples  of.  693 
69o,  696,  697,  699,  700.  'I 

Drainage  of  the  house,  Care  in  the,  during  build- 
ing, 28,  272. 

Drainage  pipes.  Defects  in  laying,  716-718;  faulty 
connections,  719,  720. 

Drain-cleansing  machinery,  623. 

Drain-pipes  and  mode  ol  laying,  615-623;  best 
torms  of,  616 ;  joints  of,  617  ;  declination  of 
pipes,  lb.;  cradled  drain-pipes,  ib.;  means  of 
inspection  of  pipes,  618  ;  bends,  junctions,  etc., 
blis ;  mischiet  done  by  inexperienced  workmen, 
619;  syphons  and  drain-laying,  ib.;  drains 
should  be  outside  the  house,  if  possible,  620  ; 
right  size  of  pipes,  ib.;  subsoil  di-ainage,  621; 
iron  drain  pipes,  622;  di-ain  cleansing,  622; 
service  cleanser,  623. 

Drains  and  cesspools,  EvUs  of  old-fashioned. 
712—711. 

Drains,  Ventilation  of,  722—725. 

Draughts,  519,  595  ;  danger  caused  by,  17. 

Drawbridge  and  moat,  a  feature  of  the  feudal 
period,  289. 

Drawing-room,  The,  65, 83,  84. 

Dressers  and  tables  for  the  kitchen,  72. 

Dressing-rooms,  65. 

Diinking-water,  Parasites  caused  by  impure  779 
Dry-eartU  system.  The,  685,  755—758;  choice  of 

systems,  760. 
Dryers,  123 ;  how  to  use,  124. 
Drying-room,  The,  76,  77. 

Dry-rot:  its  frequency  in  new  houses,  201;  its 
danger  in  wood-work,  276  ;  cause  of,  ib. 

Drj-sdale  and  Hay  ward,  Messrs.,  on  warming  and 
ventilating  a  house,  601,  602. 

Duplex  burners,  470,  471. 

Duresco  distemper,  121. 

Dust,  Evils  produced  by,  26,  27, 325,  326 ;  avoidance 
of,  by  gas  fires,  578  ;  fog  and  smoke  in  the  air 
caused  by,  492 ;  disease  produced  by,  359 ;  its 
^ojup^onent  parts,  398 ;  carpets  receptacles  for, 

Dust^b'in,  The,  65,  66,  202 ;  a  substitute  for,  364 ; 

emptying  of,  893. 
Dusting  of  a  room,  Best  method  of,  875. 


Dwemng-house,  Ambiguous  meaning  of  the  term, 


I  Dwellings  of  the  poor  and  artisan  chisses,  102—178 
Dysentery,  775.  >  '■lo. 
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^^^20^'  209°23f  detached  houses  at, 

Early  conflagrations  of  mediseval  London,  285,  286 
Earlv  history  of  architecture,  284—294. 
Earth-closets  and  commodes,  756,  757  ' 
Earthenware  drain-pipes,  First  use  of  glazed,  662. 
Ebony,  Wood  of,  101. 

Edis,  Mr.  R.  W    189,  190.  219.  309-364;  houses 

designed  by,  224,  227. 
Edinburgh  air-chamber  disconnecting  tran.  723 
Edison,  Mr.,  406,  412,  415,  416. 
Edwards,  Messrs,  and  Son,  537,  545. 
Electric  and  pneumatic  bells,  156,  157 
Electric  beam  :  its  effects  on  gi-owing  plants,  382, 

411 ;  its  similarity  to  sunlight,  409,  411. 
Electric  current.  Incandescence  caused  by  an, 

405,  406. 

Electric  light.  The,  410-417  ;  its  advantages,  410  ; 
rnethods  of  avoiding  the  direct  brilliancy  of 
y^-'}^  ill  photography,  ib.;  possible 
ctrects  of  the  copious  violet  rays,  411 ;  different 
methods  of  evolving  electricity,  412  ;  general 
natui-e  of  an  installation,  413 ;  diflTerent  kinds 
of  electric  lamps,  414—416 ;  the  f  utui-e  of  electric 
lighting,  417. 

Electric  lighting,  405—409 ;  its  freedom  fi-om  du-t 

and  foul  smeUs  in  a  room,  336. 
Electrified  oxj'gen.  Effects  of,  19. 
Elizabethan  architecture,  295,  296. 
Elm,  Uses  of,  99,  100. 
Empress  lamp,  The,  474. 
English  bond,  45. 
Entrance  door.  The,  79,  80. 
Entrance  hall.  The,  79. 

Enteric  fever.  Cause  of.  775—777 ;  how  to  act  in 

cases  of,  906. 
Epidemic  condition  of  the  air.  The  phrase,  21. 
Ernest  George  and  Peto,  Messrs.,  Sir  H.  Peek's 

house  designed  by,  251—258. 
Espagnolette  casement  fastener,  130. 
Evans  and  Swain's  fire-proof  fioors  and  stairs,  194. 
Evelyn's  scheme  for  pmlfying  the  City  air,  299. 
Excise  duties,  915. 
Exogenous  trees,  98. 

Extremes  of  fashion,  Modern  tendency  to,  317. 
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Family  living-room.  The,  81. 
Family  rooms,  68. 

Fan  worked  by  water-power,  Mr.  Verity's  plan  of 
ventilating  and  warming  a  house  by,  605,  606. 

Fanlights,  113,  201 ;  appliances  for  opening  and 
closing,  129. 

Farm-houses,  Improvement  in,  during  the  Tudor 

period,  293. 
Farm-labourers'  cottages,  163. 
Fastenings,  locks  and  handles,  128—130. 
Fer  tubulaire  system  of  fire-proof  construction, 

191, 192. 
Feudal  system,  The,  284,  285. 
Fevers :  how  derived,  6,  793 ;  measures  formerly 

adopted  for  their  removal,  6. 
Field,  Mr.  Rogers,  29,  651,  052,  665,  670,  671,  689,  696, 

723 ;  method  of  flushing-tanks  by,  651,  652,  670. 

671. 

Fifteenth  century.  Social  and  political  changes.in 

the,  293. 
Filters,  Charcoal,  799. 
Filtration  of  water,  798. 
Fir  timber,  99. 

Fire-clay  baths,  Advantages  of,  137. 
Fire-grates  for  artisans'  dweUings,  607 
Fireplace,  The,  80,  82,  84,  111. 
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Fireplaces,  not  closed  in  summer,  355 ;  mediaeval, 

Fireproof  construction  and  concrete  building, 
188—200. 

Fireproof  floors.  Various  systems  of,  189,  190, 
191. 

Fires,  importance  of  guarding  against,  188 ;  party- 
walls  a  prevention  of  the  spread  of,  48. 

Fishtail  burner,  The,  427.  ^ 

Fit2aohn's  Avenue,  Hampstead  Road,  House  m, 
220,  223,  224.  „  . 

Fitzroy  Square,  Hospital  in,  215,  216 ;  flttmgs  up  of 
the,  216. 

Flagstones,  266. 

Flashing,  Cement  and  lead,  49. 

Flat-bed  system  of  irrigation,  678—681. 

Flat-flame  burners,  444,  447. 

Flats,  Advantages  of  houses  in,  180;  example  of 
the  plan  in  Regent  Street,  181—187;  small 
houses  in  flats  at  Queen's  Park,  214. 

Flemish  bond,  45,  247. 

Fletcher's  improvements  in  gas-lightmg,  459; 

anemometer,  521. 
Flintwork  walls,  46. 

Floor-boarding,  104,  106;  necessity  for  concrete 

under,  201. 
Floor-coverings,  325—332. 
Floor-dog,  106. 

Floors,  104  ;  construction  of,  106—108. 

Flooring  of  the  great  halls  in  the  feudal  period, 

286,  289. 
FluorcscGDCG  379- 

Fog,  Relations  of  dust  and,  493;  caused  by  the 

sulphur  from  burnt  coals,  492. 
Footings,  38,  39. 
Foot-warmers,  Railway,  568. 
'Forest  Row  Vicarage,  247. 
Fortress  idea.  Decrease  of  the,  291. 
Foul  air,  Channels  for,  740. 
Foundations  of  a  house,  38,  39. 
Fowl-houses,  96,  97. 

I"ox  and  Barnett's  system  of  fireproof  construc- 
tion, 190. 
Franchise,  The,  934,  935. 
Free  circulation  of  air  in  hospitals,  etc.,  595. 
Freestones,  266. 

Fresh  air.  Army  experience  of,  502. 

Frieze,  Advantages  of  a,  335,  336. 

Front  and  left-hand  illumination.  Amount  of  light 

received  by,  391. 
Fuel-store,  The,  74. 
Furniture  and  furnishing,  344—  358. 
Furniture,  Specially  designed,  344,  349. 
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Galton,  Capt.  Douglas,  327,  360,  484—614 ;  open 

grate  by,  539;  stove  by,  30,  539. 
Galvanised  u-on  :  its  value  for  building  purposes, 

131, 133  ;  process  of,  ih. 
Gaols,  Fevers  formerly  spread  in,  5. 
Oarde-robe  tower.  The,  290. 

Gas,  Advantages  and  disadvantages  of  using, 
407;  early  introduction  of,  418;  its  first  defects, 
ib.;  its  liability  to  engender  dirt  and  foul  air 
in  a  room,  336 ;  its  impurities,  473 ;  diflferent 
qualities  used  in  England,  437. 

Gas  and  coke  fires.  Dr.  Siemens,  578. 

Gas  and  gas-Ughting,  418—426;  its  illimiinating 
power,  419;  its  constituents,  carbon  and  hy- 
drogen, lb.;  mode  of  measuring  gas  and  other 
light,  xb.;  unfair  procedure  of  the  gas  com- 
panies, 420 ;  coke,  and  not  gas,  their  primary 
object,  421;  evils  and  inconveniences  of  gas, 
m,  423;  Its  unsuitability  for  houses,  476; 
leakages,  424,  425 ;  tm-ning  off  the  main  not 
always  advisable,  425,  426 ;  gaseUers,  426  ;  dry 
or  wet  meters,  ib. 

Gas  and  water  rates.  Assessment  for,  918,  919. 

Gas  as  a  fuel.  Advantages  of,  576 ;  products  of 
combustion  got  rid  of,  ib.;  no  smoke  engen- 
Qcrea,  to. 

Gas-brackets,  156. 


Gas-burners,  Various  forms  of,  427,  429—434,  438^ 
439 

Gas  globes.  Light  lost  by,  442,  449 ;  how  to  avoid 
this  loss  by  having  larger  openings,  449. 

Gas  governors,  428,  429.  .      ,  .  ... 

Gas-heating  stoves,  Various  forms  of,  576— oSO. 

Gas-leakage,  25, 26, 424.  .       ^  ,  ,    .  . 

Gas-lighting,  Results  of  experimental  tests  m, 
435—451 ;  recent  inventions  and  improvements- 
in,  452^62.  .       .  a.o 

Gas  pressure,  427  ;  variations  in  pressxire,  4^8,  H6 ; 
evils  of  excessive  pressure,  ib.;  rate  of  con- 
sumption and  pressure,  445 . 

Gas-meter :  its  usual  position,  157 ;  the  wet  and 
dry  meter,  158,  426 ;  the  index  dials,  159  ;  turn- 
ing off  the  gas  at  the  meter  not  always  ad- 
visable, 425 ;  deposition  of  water  in  the  pipes, 
423  ;  the  best  kind  of  burner  for  use,  160 ;  gas- 
regulators,  the  wet  and  the  dry,  160,  161 
ignorance  of  gas  arid  its  working,  425. 

Gas-pipes,  67,  83,  157 ;  improved  place  tor,  67. 

Gas-stoves,  72,  154,  155 ;  cheapest  form  of,  155 ; 
ventUating  gas  stoves,  577. 

Gaseliers,  357,  426. 

Geometrical  period.  Rise  of  the,  290. 
German  reading-lamps,  471. 
German  stoves,  557,  558. 
Gill  stoves,  563,  565. 
Girders,  105, 106,  108. 

Girls'  Friendly  Society,  Accommodation  in  the 
house  of  the,  180. 

Glass,  First  use  of,  in  houses,  289 ;  its  first  manu- 
facture in  England,  291. 

Glass  for^ windows,  399,  400. 

Glass  soil-pipes,  637. 

Glass,  Use  of,  for  building  purposes,  126 ;  crov/n 

and  plate  glass,  ib.;  coloured  glass,  30. 
Glazed  bricks,  73. 
Glazed  tiles  for  front  of  walls,  42. 
Glazing,  126. 

Globe  light,  Hammond's,  452. 

Gothic  art  and  domesticity,  307. 

Gothic  revival,  The,  303,  304. 

Goux  tub  system,  The,  753. 

Gradual  growth  of  sanitary  science,  299. 

Granite,  Use  of,  54,  264. 

Grates,  Description  of  various  recent,  538—555. 

Grates  with  solid  floors,  644. 

Grease-chamber  for  gullies,  632,  658. 

Greek  architecture.  Influence  of,  302. 

Green,  Mr.  W.  J.,  209,  231 ;  houses  at  Ealing  and 

Watford  designed  by,  209,  231. 
Green-houses,  Warming  of,  by  gas  and  coke,  581. 
Green  pigments^24 ;  the  non-poisonous,  ib. 
Gregory,  C.  B.,  Heating  stove  exhibited  by,  665. 
Grimn's  grate,  641,  554. 

Grimston's  improvements  in  gas-lighting,  459. 
Grove,  Sir  William,  375. 

Growth  of  the  middle  class  in  the  fifteenth  century. 
293. 

Gullies  and  other  traps,  624—632 ;  area  and  yard 
gullies,  with  and  without  side  inlets,  624 ; 
importance  of  trapping  waste-pipes  entering 
gullies,  625 ;  proper  grating  covers  for  gullies, 
%b.;  beU-trap  gullies  condemned,  626;  best 
traps  for  floor-traps  inside  the  house,  ib.;  col- 
lecting out-door  gullies,  ib.;  solids-collecting 
gullies,  627  ;  garden  and  road  gullies,  628  ; 
|rrea3e- intercepting  traps  and  chambers.  628— 

Gun-room,  The,  84. 
Gurney  stoves,  560. 
Gutters,  67,  59,  102,  275,  727—729. 


H 

Half-timber  walls,  44,  47. 

S"'!!'  mu  Henry,  Houses  designed  by,  231,  233,  234. 
Hall,  Ihe,  80;  the  groat  hall  in  Early  English 

mansions,  286,  288,  290. 
Hammer-beams,  104. 
Hampstead  Hill  Gardens,  227,  223. 
Handrails,  119. 
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Hanging  lamps  :  their  physiological  evils,  477,  47a 
Harness-room,  The,  91. 
"Headex's,"  45. 
Heading  joints,  107. 

Health  in  the  Homo,  by  Dr.  Richardson,  1—32. 
Hea^  emitted  from  lamps.  How  to  diminish  the. 

Heating  by  hot  water  and  steam,  583—593 ;  prin- 
ciples of  water-heating,  583 ;  boUers  used  in, 
584  ;  hot  water  under  pressure,  585 ;  form  and 
size  of  the  furnace,  ib.;  heating  by  steam  in 
America,  586,  587,  409,  410 ;  its  advantages,  587 : 
its  inconveniences,  588 ;  heating-siu-face  neces- 
sary, 583;  observations  on  the  retention  of 
heat  m  houses,  591. 

^^^08  ^(513^^^^^^'^^°'^^       combined  systems  of, 
Herbert  Hospital,  Fireplace  in  the,  642. 
Herring-bone  strutting,  105. 
Hinges,  128. 

Hocking,  Franklin,  and  Co.,  and  warming  green- 
houses, 581. 
Hollow  avails.  Mode  of  forming,  40,  43. 
Home  hospitals,  215,  216. 

Homes  of  the  poor.  Influence  of  modern  buildine 
on  the,  311. 

Hood,  Mr.,  on  warming  and  ventUation,  590. 
Hoole  s  grate,  548. 
Hoop-iron  boild,  45,  46. 
Hopper  closets,  736. 

Hornblower's  system  of  fireproof  construction. 
Hot  and  cold  water  tap,  68. 

Hot-water  coils,  Gibbs's  method  of  warming  and 
ventilating  a  house  by,  603. 

House,  Daily  cleaning  of  the,  869;  division  of 
work,  870;  stairs,  halls,  and  passages,  871; 
noor-cloths  and  oil-cloths,  872 ;  bed-rooms  ib  • 
airing  the  bedding,  873:  changing  the  bed- 
linen,  874;  bugs,  fleas,  etc.,  875,  876;  blankets, 
8/5;  dusting,  ib.;  weekly  cleaning  of  rooms, 
876 ;  how  to  clean  a  room,  877,  878 ;  ceilings 
and  waUs,  879 ;  how  to  clean  paint,  880 ;  the 
floor,  ib.;  carpet-cleaning,  881;  cleaning  of 
various  articles,  882,  884;  kitchen  and  offices, 
88o;  cleaning  kitchen  utensils  of  all  kinds, 
886—888;  the  scuUery,  889 ;  washing  Unen,  etc., 
889,  890;  soaking  linen  before  washing,  890: 
cleanmg  of  the  kitchen  periodically,  891 ;  the 
house-clearing,"  893. 

House  drainage,  615-6(50,  703—710 ;  useful  memor- 
anda on,  709. 

House,  How  to  choose  a,  for  purchase,  923, 

Housekeeper's  room,  The,  75. 

Housemaid's  closet.  The,  66,  68, 135. 

House-rent :  its  rise  in  value,  162. 

Houses  built  by  modern  speculating  builders. 
Faults  of,  39,  55,  57,  64,  66,  67,  71,  121,  132.  201 
202,271,309,310,311,357,401.    '     '      '      '  ' 

Houses  of  Pai-liament,  Stone  used  in  the,  53,  55. 

Houses  of  the  nobles  during  the  feudal  period,  286. 
287. 

Houses,  Planning  of  small,  62—69;  small  suburban, 
63,  64;  small  semi-detached  villas,  65  -67;  large 
houses,  68;  essentials  in  planning  houses  of 
any  size,  ib. 

Houses,  Renting  of,  708,  709. 

Hunt's  Crown  Jewel  stove,  567. 

Hurst,  Mr.,  on  trees  useful  for  building,  98,  99. 

Hyatt's  system  of  fireproof  construction,  191. 

Hydraulic  ram.  The,  838,  839 ;  supply  of  water  by 
the,  839. 

Hydi-o  carbons,  419,  459,  401,  463,  464,  165,  476,  532. 
Hydi-ogen,  404,  405,  419,  509,  529. 


Igneous  rocks  other  than  granite,  261. 
Impurities  of  the  air.  How  to  remove,  by  passing 

through  water-sprays,  596. 
Incandescence,  404 ;  caused  by  an  electric  current, 

40o,  406. 

Incandescent  electric  lamps,  415. 


Incandescent  gas  lamps,  459,  460. 

Incandescent  radiator  gas  fire,  I.eoni's,  579 

i  ncombustible  materials  not  fire-proof  188 

Indian  oak,  or  teak,  100 ;  its  uses,  ib  ' 

Indirect  taxation,  914. 

Industrial  Dwellings  Company,'  The,  175 

Industrial  dwellings  in  blocks.  175. 

Infectious  disease,  Ai-rangements  for,  901— 909  • 

death  from,  in  London,  901.  ' 
Infiammable  oils.  Various,  465. 
Infiuence  of  dittcrently  colom-ed  light  upon  the 

.GyCj  ooX> 

Influence  of  social  habits  on  architecture  284 
Inorganic  poisons,  Accidents  from,  22—26 
Insuflicient  window-light.  Remedies  for,  395 
internal  decoration,  309—364 ;  principles  of,  319— 

Internal  decoration  and  pure  air,  359-364. 
Iron  and  stone,  Dangers  of,  during  fires,  188. 
Iron,  Use  of,  in  houses,  130,  131 ;  protection  from 

rust,  131 ;  painting  of,  ib. 
Ironmongery,  128—132.  • 
Iron  stones,  559,  560. 

Irrigal;ion,  Various  systems  of,  664,  665 ;  sub-soil 

irrigation,  665. 
"Island,"  The,  in  Regent  Street,  as  altered,  181- 

ongmal  state,  its  advantages  as  altered,  184— 

187* 


Jalousies,  117. 
Jamb-Unings,  111,  112. 
Japanning,  129. 

Jobson's  slow  combustion  giU-stove,  565. 

JointSj  Brickwork,  52;  'Uuck"  and  "bastard' 

pomOng,  ib. 
Joists,  101 ;  various  kinds  of,  105, 106. 
Jurymen,  Registration  of,  934. 


K 

Kaulbach's  Phoebus  reversible  grate,  547. 

Keene's  cement,  71,  74, 121,  122. 

Kentish  rag-stone,  55,  194,  268,  269. 

King-post  truss.  The,  104. 

Kirdford  Vicarage.  East  Grinstead,  248. 

Kitchen,  The,  64,  65,  70—73,  202  ;  best  position  for 
the,  70 ;  its  size,  71 ;  a  concrete  floor  desirable, 
ib. ;  walls  of,  ib. ;  fittings  and  furniture  of  the 
kitchen,  72. 

Kitchen  ranges,  72, 151. 

Kitchenei-s,  72,  151 ;  their  advantages  and  dis- 
advantages, 151. 
Kitchens,  Early  feudal,  290. 
Kosmos  burner  for  petroleum,  470. 


Labourers'  cottages,  167,  168. 
Lanchester,  Mr.,  School  at  Brighton  designed  by, 
239.  240. 

Land-drainage,  "Water  from,  789,  790. 
Landlord  and  tenant.  Duties  of,  271,  915,  920. 
Landowners,  Increase  in  the  power  of  the,  since 

the  decay  of  feudalism,  293. 
Lantern  lights  for  roofs,  81,  85, 110. 
Larch,  Wood  of  the,  99. 

Larder,  The,  63,  64,  65,  74,  202  ;  cleaning  of  the,  892. 
Large  assemblies.  Ventilation  for,  605. 
Large  houses  and  mansions,  251—263. 
Lascelles,  Mr.,  196,  199 ;  system  of  concrete  con-  • 

struotion  by,  196,  198,  199. 
Latches  to  street  doors,  129. 
Laundry,  The,  76,  77. 

Lavatory,  The,  80 ;  various  kinds  of  basms  for, 
139. 
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Lead  and  zinc  joints  for  roofs.  59. 
Lead  (futters.  275. 
Lead  pii?es.  Use  of  .132. 
Lead  poisoning,  Effects  or,  <8u. 
Lean-to  roof.  A,  Ibi  „„ 
Leases  and  agreements  921,  ^U. 
Legal  liabilities,  91?-p.3u- 
Letter-box.  A  ventilating,  360. 
ffls's  ^candescent  gas  lamp,  lo9,  4b0. 
Library.  The,  84. 

nature  and  pHysio 

logical  effects  of,  373— dSi. 
Liglit  and  dirt,  386.  „ 
Light  consists  of  ether  waves,  373. 
Light,  Deficient.  18  ;  toxes  o^^^^^  ^ 

^n^oufe^lfit'^sfmpt^Shfist^^^^ 

Limestones,  267,  267,  270. 
Linen-rooms,  64,  77. 
Linolemn  for  floor-covermgs,  331. 
Linseed  oil,  123. 

M»oi^s:        7i-85 ;  special  rooms.  84.  85. 
!:°o»S  fils  of  ordinary,  179. 
!fo^rc3ol?«?s  f  Ible  to  diseases  than 

LozSle-shaped  panes  in  windows.  Disadvantages 

of,  394. 
Luggage-room.  75. 
Lumber-rooms,  64. 
Luminous  flame,  Nature  of ,  ^Oa- 
Luminous  paint.  Advantage  of  using,  123. 
Lux  Calor  gas-stove,  'ihe,  o79,  580. 


M 


M'Kinnell's  ventilator,  527- 
KesiXi^tlSll^i'pro^^^^^^ 

Maguire's  patent  joint  for  drain-pipes,  617. 

Mahogany :  its  uses,  99, 101. 
.  Maignen  filter.  The,  798. 

Malaise,  Impure  air  the  cause  ot,  18,  ^U. 

Male  and  female  servants  rooms,  68. 
.  Mansard  roof.  The,  102.    ^  ^  . 

Manor-houses,  Increase  of,  durmg  the  thurteenth 
century,  289,  291. 

Mansion,  Drainage  of  a  large,  70b. 

Mantelpieces,  347.  „         ,        •  i-u„ 

Manufacturing  towns.  Homes  for  workmen  m  the, 
l&i ;  back-to-back  houses,  165 ;  how  the  plan 
may  be  carried  out  with  success  in  cpuntry 
villages,  165;  difiiculties  of  its  adoption  in 
towns,  166;  imperfect  ventilation  of  large 
artisans'  dwellings,  ib. ;  open  spaces  before  eacn 
tenement  desu-able,  ib.;  houses  built  in  bact 
gardens   of   other   houses,    166 ;  ordinary 
labourer's  cottage  in  the  country,  plans  for, 
167 ;  plan  of  a  two-storey  semi-detached  cot- 
tage, 168 ;  cheaper  kind  of  cottage  for  Scotland, 
168 ;  ordinary  artisan's  house  in  the  manufac- 
turing towns,  108 ;  its  disadvantages,  173 ;  Mr. 
Smirke's  plan  of  a  public  lodging-house,  ''173  | 
other  plans  and  designs,  173 ;  a  block  of  artisans 
dwellings  at  Kcnnington,  174;  Sir  Titus  Salt's 
dweUings  for  his  workmen,  ib.;  building 
societies  at  Akroydon,  ib. ;  the  Industrial 
Dwellings  Company,  175;  the  Peabody  dwel- 
lings, ib.;  defects  in  the  earlier  plans  of  blocks 
of  dwellings,  176 ;  cottage-building,  17V. 
Maple,  101. 

Marbles,  268 ;  various  kinds  of,  54 ;  imitations  of, 
122. 

"  Marczzo  "  marble,  122. 
Martin's  cement,  121. 
Matheson,  on  paints  for  iron-work,  131. 
Matting  for  floor-coverings,  Indian  and  Chinese, 
330,  331. 

Mayors  and  Aldermen,  Duties  of,  931. 


A  ar.r^  MPRsrs   Houscs  designed  at 
Meakin  and  Son,  Messrs.,  j^u 

Midhurst  by,  209. 
Eur4s'',  Messrs.,  method  of  fii'cproof  construc- 
Medichle  case  for  a  bed^room.  344. 

K»^n  Boarl  olVorke.  Power  of.  in  sani- 

Midlen'  s^y^e^m^'Thf  ?742-747  ;  the  model  midden 

Midhurst,  Houses  erected  at,  209. 
Millstone  grit,  266,  267. 
Minera  sandstone,  193. 

°d^S^ek  f or  petroleuxn.  470,  471. 
Moderator  lamps,  471,  *72. 
Modern  architects,  30^306. 

Modern  architecture,  30i-3U».  -  ^ 

TVTnnrp'^^louvred  ventilating  panes,  522 

MoS  andThysical  effects  of  uimrtistic  and  un- 
healthy surroundings,  312---310. 

Morin,  General.  528,  540,  559,  591. 

Kfi^MaH  J.'^on  trsenical  wall-papers.  365- 
372 

Mortar.  51 ;  inferior  sorts  of.  52. 
Mortice  locks,  129. 

Moule's  dry-earth  system,  66o.  7o5.  758. 
Movable  carpets  or  rugs.  329. 
Mullioned  ^v^ndows.  First  use  of  ,  293 
Municipal  voters,  Registeation  of.  934. 
Murdoch,  Mr.,  the  introducer  of  gas,  418. 
Murphy  smokeless  furnace.  Ihe,  bus. 
Music-room.  The.  84,  85. 


N 

Sonii°S^ie''Dei-osit  Company,  Fireproof  con- 
struction of  the,  190, 192. 

Natural  and  artificial  stones,  264--_2/0. 

Natural  daylight  and  wmdows,  38o-39fa. 

Nettleton,  Dr.,  and  the  small-pox,  8. 

Neuralgic  and  miasmatic  diseases,  14—17,  damp 
air  the  source  of,  15.         -  .  ^  ,^    ,    a  oat 

New  learning.  Introduction  of,  into  England,  293. 

N^w  Nat^al  History  Museum,  Terra  cotta  used 
in  building,  48. 

Newton's  experiments  on  light,  3/5. 

Nightingale,  Miss,  on  the  eflect  of  hght  on  the 
sick,  383,  384,  386.  .  ^sr 

Nitrogen  :  its  presence  m  the  air  we  breathe,  48b. 

Non-coniferous  timber,  99,  100. 

Northern  pine.  The,  99. 

Nottingham  midden,  1  lie.  743- Mo. 

Nottingham  tub  closet,  The,  748-750,  7o9. 

Nurse,  Duties  of,  in  infectious  cases,  90o. 

Nurseries,  87,  88 ;  suite  of  nursery  rooms,  87 ;  fire- 
guard for,  88;  the  day-room,  87 ;  the  nursery 
bed-room,  88 ;  tlie  di'essmg-room,  88 ;  the  scul- 
lery, 89  ;  the  bath-room,  89  ;  the  water-closet, 
89  ;  the  staircase,  89  ;  the  school-room,  89. 

Nursery,  The,  841-843. 


O 

Oak,  99, 100  ;  its  uses,  100, 119. 
Old  iiouse  remodelled,  An,  258-263 ;  plans  of,  259, 
261. 
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Opcn-flre  ranges,  152,  531— 555-;  advantages  of,  531  • 
early  iinprovcnients  in,  ib.;  tests  made  on 
?.P''",S™'''s,  538;  classes  of  open  fireplaces 
o37  :  description  and  results  of  various  recent 
grates,  538—555 ;  results  of  comparisons  of  550 
5ol ;  experiments  on,  531,  532.  ' 

Open  newel  stau-cases,  119. 

Open  timber  roofs  in  great  halls,  291. 

Oregon  pine,  100. 

Osier-bed  treatment  of  sewage,  673  682  683 
Out-Iiouses,  96  ;  door  for.  111;  cleansing  of.  893. 
Over-crowding,  EvUs  of,  162, 163. 
Overtlow-pipo  in  water-closets,  etc.,  Ill,  735 
Overrtow  of  water.  Precautions  against,  135,  792. 
Oxidation,  How  to  prevent,  131. 

I9"  '  529.  530, 

Ozone  and  its  effects,  495 


P-trap,  The,  638,  727. 
Pail  system,  The,  748—754. 

Paint,  120 ;  substitutes  for  white  lead  in  121  • 
various  kinds  of,  121.  ' 
Painters'  colic,  337. 

Painted  floors,  Advisability  of  having,  327. 
Painting,  275,  337 ;  method  of,  122,  123 ;  materials 

used  m,  123,  124 ;  how  usuaUy  performed  in 

London  houses,  276. 
Palladian  architect,  297. 
Palladio,  the  arcliitect,  81. 

Pan  closet  The,  110,  733-735;  objections  to  using 

cue,  7oo,  7o4, 
Pan- tiles,  59,  275;  pointing  of,  275. 
Pane  and  gutter  system  of  sewage  irrigation,  683, 

Pantry,  The,  65,  66,  74,  83 ;  sink  to  the,  148,  739. 
Papering  the  walls  of  rooms,  127. 

337-343;  care  in  the  sclecUon  of, 

oo7,  000. 

Parapets,  49 ;  repairing  of,  275. 
Pargetting,  50. 

Parian  cement,  71,  74, 121, 122. 
Parker's  "  Vencedor  grate,"  550. 
Parquetry,  108,  320,  327,  398. 

I  arsonages,  Peculiar  circumstances  and  require- 
ments  ot,  241—243  ;  examples  of,  247,  218. 

Partitions,  66, 109  ;  thinness  of,  67 ;  fi-ame  for,  109. 

Party  walls,  38,  48, 102. 

Paste  for  papering  walls,  127. 

Patent  roofing  tiles,  59. 

poor'l^^''  "'^^  improved  dweUings  for  the 

Peek,  Sir  Henry,  House  designed  for,  251—258. 

Penrose,  Mr.,  the  architect,  123. 

Percolation  of  water,  S06-811. 

Perpendicular  style.  Beginning  of  the,  291. 

Perret  s  grate,  for  anthi-acite  coal,  543. 

Petroleum  and  oil  lamps,  463—475. 

Petroleum,  Nature  of,  463;  its  sources  and 
varieties,  464;  importance  of  the  flashing- 
point,  or  degree  of  inflammabiUty,  465; 
dangers  of  petroleum,  466,  467  ;  Silber's  fllUng- 
?^o°'  .^1 '  improvements  in  petroleum  lamps, 
Irn  /'/P'  Saber  s  experiments  with  petroleum, 
4b9,  470 ;  comparative  cost  of  various  systems, 
ill;  comparative  merits  of  petroleum  and 
gas,  472.  473  ;  designs  for  lamps,  475. 

Petroleum  lamps.  Various  forms  of,  469—471. 

Peto,  Messrs.  Krnest  George  and.  House  designed 
by,  251—258. 

Pettenkofer,  Prof,  von,  34, 120, 195,  488,  497,  519, 
Photogen,  466. 
Phthisis,  35. 

Physical  properties  of  air,  505. 

Physiological  importance  of  light,  .383. 

Picture-frames  generally  receptacles  for  dust,  336. 

Picture-gaUery,  TJie,  85. 

Pictures,  How  to  arrange  the  position  of,  336. 

Piggeries,  96  ;  drainage  of,  651,  655. 

Pino  wood,  99. 

Pinned  floor,  A,  107. 


Pitch  pine,  99. 

Plagiio,  Directions   given    by  the  CoUetro  nf 
Physicians  for  the  removal  of  the  g 

'^'"!88*^;?n1a^t°ef&%r'"«  ^'^'^  feudal  period. 

Ptt  of&Sa''"'        ^''^  121. 

Wnfi^^"^^'  ;  Indian  method  of,  121. 

P  oughed  and  tongued  floor,  A,  107. 
Plug  taps.  Waste  of  water  by  using  134 
Plmnbing.  Expense  attenc&ng,  from  defective 
workmanship,  132,  273  uoieccive 
Pneumonia,  35. 

"Pocket-piece,"  The,  in  sash-lining,  276. 
Pointing  of  walls,  Necessity  for.  276 
Poisonous  oolours  in  waU-papers,  127. 
Pole-plates,  The,  104. 
Pollard  oak,  100. 

Poor^Laws,  Change  in  the,  in  Elizabeth's  reign. 
Porch,' The,  65,  80. 

Porches  to  country  cottages,  Utility  of,  63. 

flnnr^^'^.T^'''  ¥  ^".''^S  ^'"^U^-       for  kitchen 
P^,.J1  °5f'     '  ^^^^'^  "^'alue  of,  for  building,  195. 

ft-om  tSeg"''  ^"^^^"^^  °*  stone  obtained 

^°''hn??H^.^'°'"'' '*^'  268.  269;  the  best  stone  for 
building  purposes,  55. 

Pott  8^  Edinburgh  ak-chamber  sewei^trap,  643, 

P''6^<5°ce^and  over-ornament  in  decoration,  Evila 

Priestley,  Mrs.,  floral  art  ventilator,  362;  ventUa- 

_  ting  window  for  drawing-rooms,  31. 
Prinung,  123.  ■ 

^^"173  workmen's  dwellings. 

Principals,  The,  104. 

Principles  of  domestic  sanitation,  27—31. 

Prism,  Effect  produced  on  light   by  passing 

through  a,  371,  375. 
Prisons,  the  former  foci  of  fevers  and  disease,  6. 
Private  chambers  of  Norman  castles,  287,  288,  290. 
Propulsion  of  the  air.  Ventilation  by,  593  ;  various 

methods  of,  in  large  buildings  593,  594. 
Protection  from  dust,  131. 
Public  analj-sts,  930. 
PubUc  lodging-houses,  173. 

Public  offices.  General  dislike  of  people  to  take 

local,  928. 
Pugin,  the  architect,  303,  304. 
Pulmonary  consumption,  11—14  ;  causes  of,  13. 
Puozzoland,  265. 
Pm-beck  marble,  268. 
Purification  of  water,  796. 
Puriins,  104. 
Putty,  Use  of,  126. 


Q 

Quarry  or  quaiTel  glazing,  126. 

Queen  Anne  style,  305,  306. 

Queen's  Park,  Houses  erected  at,  179,  210—215. 

Queen's  reading-lamp,  Stobwasser's  471,  481. 


E 

Radiating  gas  fires,  579. 

Radiating  tile  stove,  Messrs.  Dotfiton's,  559. 

Rafters,  The,  101. 

Rain,  Protection  of  walls  from  the,  42.- 
Rainfall,  804—806. 
Rain-gauge,  The,  801—805. 

Rainwater,  766 ;  gutters  and  pipes,  727—729  ;  col- 
lection of,  782,  783. 
Range,  The  ordinary  kitchen,  151, 152. 
Rankine,  Professor,  99,  100. 
Ransome's  artificial  stone,  190,  270. 
Rates  and  taxes,  913 ;  making  and  collection  of,  ib 
Rats,  Encroachments  of  the,  713,  114,  719. 
Reading  and  study  lainijs,  481, 
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Rebating  and  filleting,  107. 

Rebuilding  of  tlie  metropolis  after  the  Great  Fire, 
298. 

Recent  heating-stoves,  563 — 568. 
Reception-rooms,  68 ;  colza  oil  a  good  illuminant 

for,  477.  — 
Recesses  in  rooms,  Advantage  of  possessing,  156. 
Red  paints,  121. 

Reflection  from  polished  glass,  paper,  and  cloth, 
377. 

Refraction  of  light  through  difTerent  media,  371. 
Refuse,  Disposal  of,  by  dry  methods,  741—761. 
Regent  Street,  The  flat  system  of  dweUing  in, 
181—187. 

Registration  of  births,  deaths,  and  marriages, 
924,  925. 

Reid,  Mr.  H.,  on  concrete,  195. 
Reigate  stone,  190. 
Relapsing  fever,  7. 

Religious  houses,  Changes  caused  by  the  suppres- 
sion of  the,  293. 

Repairs  and  alterations,  271—277. 

Respiration,  Effect  of,  497. 

Rheometer,  Giraud's,  443. 

Richardson,  Dr.,  600  ;  on  health,  1—32. 

Ridge  and  furrow  roof.  The,  102. 

Ridge,  Mr.,  Parsonages  designed  by,  247,  248. 

Rim-flushing  basin.  Patent,  144. 

Risers,  The,  in  stairs,  117,  118. 

Rivers,  Early  enactments  concerning  the  pollu- 
tion of,  292,  925. 

River-water,  766,  786. 

Roads  and  sewers,  Rates  for  the,  919. 

Roberts,  Mr.  Chandler,  531,  532,  537. 

Roberts's  percolator,  783. 

Roofs  and  leakages,  275. 

Roofs  and  roofing,  57—61 ;  slates  used  for,  57—59 ; 
good  slating,  58  ;  lap  in  slate  roof,  ib.;  metallic 
roofing,  59  ;  thatching,  60,  61 :  various  kinds  of 
roof,  102. 

Room,  How  to  clean  a,  877. 

Rosser  and  Russell's  centre-grate,  543;  their 
,^^^r-wa,TmeTa,  561 ;  heating  by  steam,  588. 

Rough  cast  "  work,  42. 
Rousdon;  Devon,  Sir  H.  Peek's  house  at,  251—258. 
Rugs  as  a  substitute  for  laid  down  carpets,  326, 

oyo. 

Rurnford,  Count,  Improvements  in  fireplaces  by, 
oob< 

Rushes,  Floors  anciently  strewed  with,  286,  289. 
Rust,  Protection  of  iron  from,  131. 
Rust's  vitrified  marble,  270. 


S-trap,  The,  727. 

Safes  for  baths  and  water-closets,  135, 138, 149 
Halt,  Sir  Titus,  and  workmen's  dwellings  174 
Saltaire,  63.  ^  ' 

Sandstpnes,  266 ;  Ibuildings  formed  of,  266.  267  • 
their  durabiUty,  267.  >  . 

Sanitary  arrangements  of  the  feudal  castles,  288 
Samtary  customs.  Antiquity  of,  925. 

for'"927®^'^''^"°'^' 926;  necessity 
Sashes',  113*. 

Sash-Unes,  Renewal  of,  276. 

Satin-wood,  101. 

"ScagUola"  marble,  122. 

S^^i  J'?'^'  Outbreak  of,  at  Swindon,  35. 

Scar  et  fever  7  ;  rapid  spread  of,  8. 

Scattered  reflection,  377. 

ichfst  T!;'r266^'''"'"  '""^^  ^' 
SchoU's  gas  "perfector,"  434. 
gcbool  Boards,  Work  of  the,  93t 
fachool-rooms.  Importance  of  the   size  of  thn 
.  windows  in,  392,  393,  394  ^'^^ 
acience  Schools,  South  Kensington  Terra  mHs, 

used  in  building  the,  48. 
Scinde  rugs,  398. 
Scotch  fir,  99. 
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Scott's  (General)  cement,  122. 
Screw-down  taps,  134,  135 ;  advantage  in  asing, 
134. 

Screws  and  nails.  Varieties  of,  130. 

ScuUeix  The,  63,  65,  73,  74  ;  flooring  of  the,  63  ; 

absence  of  a,  186. 
Scullery  sink.  The,  147,  148,  202,  739,  740. 
Sculpture-gallery,  The,  84,  85. 
Sea-delivery  of  sewage  from  houses,  701. 
Sea-water,  Supply  of,  to  the  bath-room,  138. 
Sedgwick,  Dr.  Leonard,  27. 
Selenitic  cement,  122. 
Semi-detatched  villas,  Small,  65, 66. 
Serpentine,  265. 

Servants'  bedrooms,  89,  90 ;  where  often  placed, 
14. 

Servants'  closets,  638—640. 
Servants'  hall,  75. 

Servants'  ofiices,  70—78 ;  isolation  from  the  rest  of 

the  house  essential,  70. 
Service-pipes  in  water-closets,  735,  738. 
Serving-room.  The,  83. 
Settlement  of  walls,  38,  39. 
Seven  points  in  a  healthy  home.  The,  31. 
Sewage  cropping,  688. 

Sewage,  Disposal  of,  661—666  ;  ancient  methods  of 
sewage,  661 ;  cesspools,  662 ;  the  water-closet 
system,  662,  663  ;  irrigation,  663 ;  sub-soil  irriga- 
tion, 665. 

Sewage,  Treatment  of,  667—702;^  the  cesspool 
system  and  its  evUs,  667—669 ;  interception  of 
the  solids,  669 ;  the  solids-strainer,  669 ;  over- 
flows, ib.;  Field's  flush-tank,  651,  652,  670,  672; 
sub-irrigation  on  a  small  scale  explained,  671 ; 
osier-bed  treatment  of  sewage,  673,  682,  683; 
aefinition  of  sewage,  675 ;  sui-face  treatment. 
676 ;  tanks  for  irrigation,  676,  677 ;  the  flat-bed 
system  of  irrigation,  678  ;  irrigating  pipes  and 
appliances,  679,  680. 

Sewer-air  fever,  9  ;  how  contracted,  10. 

Sewer-pipes,  No  leakages  in  the,  29. 

Shaftesbury  Park,  Battersea,  Workmen's  dwell- 
ings at,  179. 

Shaft  ventilators,  526,  527. 

Shaw,  Captain,  188, 189. 

'='haw,  Mr.  R.  Norman,  199,  648. 

Sherringham  valve.  31. 

Sherringham  ventilator.  The,  523,  524. 

Shower-baths,  136,  137. 

Shutters,  117. 

Sick  room  The,  896 ;  ventilation  of  the,  ib.;  size  of 
the,  897  ;  hghtmg  of,  ib.;  the  fm-nitm-e,  898;  the 

om^'  nnA'  ^99'      ;  infectious  disease, 

,  901—909 ;  dismfection,  910—912. 

Side-board,  The,  66 ;  uselessness  of  the  modern, 
349,  3o0 ;  the  bullet  a  more  useful  article,  350. 

Siemens  Dr.,  382,  411,  452,  455,  529,  578. 

Siemens  regenerative  burner,  452,  455,  456;  modi- 
fications of,  459. 

Silber,  Mr.,.  429,  131,  432,  433,  441,  467,  469;  gas- 
burners  mvented  by,  429,  430,  433. 

^'ifif' ? f'Q'^^i?^-^'''  *?9.  HI ;  experiments  made 
with,  448 ;  batwing  burner,  433,  440,  455 ;  Con- 
cordia burner,  433;  petroleum  argand^  471; 
KfefeMfo?*^"'  «-P™t^with' 

Silicate  enamel.  The,  i24. 

Silicate  Paint  Company,  The,  124 

Simnlicity  and  harmony  in  decoration.  324 

Single-burner  governors,  450. 

•  ^A^'      l^'P'  117-149  ;  drainage  of,  726  727 
Site  and  aspect  of  a  house,  33-37.  ' 
Sitting-room,  The,  65. 
Size  and  cubic  space  of  rooms,  617. 

iSJictf  i95.'  *°  ^^^P  116. 

Slate  baths.  Disadvantages  of,  137 
Slates  m  damp-proof  walls,  43. 
blates,  Various  kinds  of,  55  Sfi  26";  •  fHffo>.»„* 
"/'  57  :  technical  names  for  sf^^"^®^* 

Small  houses,  Arrangement  and  planning  of,  62- 
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Small-pox,  8. 

Small  semi-detached  and  terrace  houses,  201 — 215 ; 
usual  defects  in  buildine-  of,  201. 

Small  suburban  houses,  03,  tii ;  their  common 
deficiencies,  64. 

Smirke,  Mi'.,  architect,  and  homes  for  the  labour- 
ing classes,  173, 175. 

Smith's  (Dr.  Angus)  process  for  the  protection  of 
iron  pipes,  131 ;  on  the  constituents  of  air,  486, 

Smiths'  work  in  buildine:,  130, 131. 
Smoke  abatement  Exhibition,  The,  530  531  5.39 
537,  538,  539,  5H,  515,  554,  563,  569,  571  576,'  577,' 
578,  581. 

Smoke,  Escape  of,  in  mediseval  houses,  290 
Smoke,  How  to  prevent,  530,  532 ;  experiments  on, 

o30,  <)31|  532. 
Smoke-flues,  The,  68. 
Smoke-jack,  The,  72,  151,  153. 
Smoking-room,  The,  84. 

Society  for  improving  the  condition  of  the  labour- 
ing classes,  173 ;  model  lodgiDg-houses  erected 
by,  174. 

Soil  of  a  house.  Care  required  in  selecting  the,  33 
34,  36 ;  geological  knowledge  essential  before 
building  on  the,  34;  advantages  and  dis- 
advantages of  clayey  soils,  ib.;  dryness  of  the 

Soil-pipes,  out-door  water-closets,  etc.,  633—641  • 
soil-pipe  material,  633;  earthenware  or  zinc,' 
634;  wrou^ht-iron  or  cast-iron,  ib.;  lead  soil- 
pipe  and  Its  advantages,  635 ;  fixing  of  soil- 
pipes,  636 ;  outside  the  house,  636,  659 ;  ventila- 
co?^  ''^^ '  rain-water  and  soil-pipes  in  one, 
638 ;  the  pane  and  gutter  system,  683,  684 ;  com- 
bined treatments,  685-688 ;  sewage  cropping 
688;  examples  of  irrigation,  689-701;  sea  de- 
livery of  sewage  from  houses,  701;  chemical 
i.^^^=,°\1S'HS^  sewage,  702;  objections  to  zinc 
pipes  729,  730 ;  positions  for  the,  731 ;  ventila- 
twn  by  the,  731,  732;  proper  joints  ^vith  the. 

Solar,  The,  286,  287,  288. 
Solar  oil,  466. 

^ '^mortaUty  of  S      labourers.  Comparative 


Solid  plug  closets,  736. 
Solid  strutting,  105. 
Solids-strainer,  The,  669. 

Soot  Formation  of,  531 ;  iron  plate  to  receive  the, 
570 ;  how  to  remove  the  impurities  of,  by 
cotton  wool  filters,  596 

Sound-proof  floors,  108, 109. 

Speaking  tube,  Beneflt  of  a,  157. 

Spectrum,  The.  374,  375  ;  the  seven  colours  of  the. 

Sperm  candles,  471. 

Spit,  The  old  cooking,  150. 

Splayed  joint,  107. 

Sponge-baths,  138. 

Spring  taps  for  water  supply,  134, 

Spring- water,  776,  785. 

Springs,  785,  804,  805,  818-821 

Spruce  timber,  99. 

^n<i.  B"^  nursery,  840-868. 

sfoii=^m^'i^^-^2:  ventilation  of,  93;  size  of 
Stair^W^ff  m'.  *f°vf '      =  i^^^'iee  of,  654. 
ocairs,  ine,  80, 117  the  winders  and  risers  81 
Stau-case,  The,  62,  63,  66,  79,  80,  81.  117  119  902  ■ 

construction  of  a  wooden,  118.         '      '  ' 
'ii'ain-pipe  joint,  616,  617,  717. 
Steam,  Cooking  6y,  611 ;  baking  by  612. 
btcam-heating  system  of  America,  The.  608-61^ 
Stevenson,  Mr.,  90,  109.  '  °' 

Steatite  or  soapsto'ne,  266. 

s?ontwalls  T""'"''  °'  ^^-55 ;  use  of 

&^l°aVeTo,^iS[;i,'^^2"°--  ^  ""^-^  °f  189. 
Stone-ware  gulleys,  727. 

Store  closets  or  rooms,  65,  66.  74,  77;  absence  of, 
^'^Ifirn'lePsUk'^''^^  ''''       "3;  without 


Strict  examination  of  a  house.  Need  of  27i 
Stucco,  121.  "ii^ii. 
Study,  The,  84 ;  lamps  for,  481. 
Sub-irri^ation,  670,  671. 
Sub-soil  irrigation,  665. 

Suburban  villa.  Drainage  of  a  large,  705  706 
Sugg,  Mr.,  429,  430,  431,  432,  433,  434,  440  4^".  ^aa 

burners  by,  430,  431,  432,  433,  434.       '  ' 
Suggs  argand  burner,  430,  431,  437,  440  444  44s. 

experiments  made  with,  440,  441,  443  448  .  w' 

Zi^^A^'^Z'  *f  0 :  experiments  made  With 
e  '  table-top  burner,  433,  448,  451.  ' 

Smtabihty  of  ornamental  design  in  decoration. 

Suitable  tones  and  colours  in  decoration  321 
Sun-burners,  459 ;  best  positions  for,  ib. 
Sunhght,  Desirability  of,  397. 
Swindon,  Healthy  and  unhealthy  condition  of  old 

Sydenham,  the  physician,  21. 
Sylvester,  Mr.,  and  warming  stoves,  561,  563;  hia 
plan  of  warming  houses,  600.  t"^,  uia 

Syphon  gully,  The.  624;  stoneware  covermg  for. 

Syphon  or  S-trap.  The.  141.  719.  720.  728.  736,  737, 
Szerelmey's  paint,  42. 125.. 


Tapestry  hangings,  Uselessness  of,  354 
a  aps  for  cisterns,  134, 135  ;  for  baths,134. 
Tarver,  Mr.,  architect,  209. 
Taylor,  Mr.,  architect,  234.  239. 
Teak,  Uses  of,  100,  119. 

Teale^  Mr.  T.  P..  on  economy  of  fuel  in  stoves. 

Telephone,  Advantages  of  the,  157. 
Telescopic  tables,  350. 
Terra  cotta.  Use  of,  in  building,  47  48 
Tenancy,  Conditions  of,  915. 
Terrace  house  in  Telford  Park,  209. 
Thatching  for  cottage  roofs,  60, 177. 
Thickness  of  walls,  44. 
Thin  parqueterie,  326,  327. 
TiVblaS  'l^^e^l04°*  fireproof  construction,  191. 
Tiled  frame  wall,  43. 
Tiled  roofs.  Repair  of,  2^4,  275. 
Tiles,  59. 

Tile-stones,  55,  56,  266. 

Timber  used  m  building,  Various  kinds  of,  98— 
101;  how  to  preserve,  101,  houses  built  of. 
durmg  the  feudal  period,  285,  289 ;  walls  of| 

Tobin's  tubes,  31, 161. 

Top  covers  to  wardi-obes,  Beneflt  of.  352.  353. 
Torbay  oxide  paint.  125. 
Town  air,  21,  503. 

^°^28  Tag^^^  boards.  Necessity  for, 

Towns,  Arrangement  of,  in  the  thirteenth  century. 

Trapped  basins.  Various,  142, 143. 
Traps  for  sinks,  148, 149. 
Treads,  The,  in  staircases,  117, 118. 119. 
Trees  used  in  carpentry.  98—101. 
Trimming  joists,  106. 

True^decorative  art.  Moral  and  social  influence  of. 

Trusses,  Uses  of,  in  roofs,  104. 
iruth  a  cardinal  principle  in  decoration,  319. 
Tube-wells,  789,  832,  833 ;  how  to  drive,  in  running 
sand,  834,  835. 
Tuck"  pointing  for  brickwork,  52. 
Tudor  architecture,  295. 
Turpentine,  Use  of,  123, 124. 
Twin  drains,  656,  657. 
.T^ynclall,  Dr.,  489,  491,  494,  495. 

fever,  10;  its  supposed  origin, 
10,  (11,  i3i,  775-777. 
Typlius  fever,  5—7. 
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Cgly  pile  of  dwellings  near  St.  James's  Park,  187. 
Ulster  smokeless  stove  grate,  The,  518. 
Upper  Berkeley  Street,  Terrace  house  in,  219,  220. 
Urmals,  738. 
U-trap.  The,  723,  724. 


"V-dip  traps,  737. 
V-roof,  The,  102. 
Valleys  and  ridges  of  roofs,  59. 
valuation  of  property  for  assessing  rates  and 

taxes,  91o ;  method  of  arriving  at,  916,  917. 
valve  apparatus  in  water-closets,  112,  735. 
Valve  closets,  143,  659,  735. 
Varnishes,  125. 

Vaux  system  of  fireproof  construction,  191. 
velocity  and  temperature  of  inflowing  air,  519. 
355  resting-places  for  dust  and  dirt. 

Ventilating  fireplace,  Capt.  Gallon's,  539,  540. 
Ventilating  gas  stoves,  577. 
Ventilating  pipes,  721. 

"offinn' finTrn'??'^^°^°*  houses,  599;  examples 
602,  603  '    ^^^^  warmed  by  hot  water. 

Ventilation  by  propulsion,  593. 

by  cowls!'™"''''^  ^^^"^'  ' 

Ventilation  of  rooms,  30,  31,  68;  necessity  for  485  • 

how^it  may  be  efi'ected,  518.  "'--X  lor,  4ao , 

Ventilation  of  the  City  of  London,  Proposals  for 
vJ^^^^  seventeenth  century,  299,  300.  ' 

^'plts°fSr°tie%^°'^^^  Wren's 
Vermin,  71,  713,  714,  719. 
Vestries  and  district  boards,  933. 
Victona  stone,  270. 

Violet-le-Duc,  M.,  on  "How  to  build  a  house  "  fii  • 
on  architecture,  279.  uouse.  si , 

Visitors'  room,  68.  ■ 

ViMul^'E'ra^^*"^  ^^"^'^  °*'  *^^' 
Volume  of  air  required  for  ventilation,  514,  515. 


W 

Wainscoting,  Use  of,  in  the  feudal  period  9sq 

-^«'-cers.%?i27.. 

Methods  of  "c§Sgn37'?';7l'''-- 

tempering?  ift^^^^SaSngni'^Q  °L 
ing  the  wall  before  pape?S|  ala/n  ?ln  .^^J^P" 
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^^^?d\rof%it?Ti^;j:,felS°^^^^^  ^'  Ms 
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